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PREFACE  TO  FOURTH  EDITION. 


A  DESIEB  has  been  expressed  that  this  posthumous  edition  of  the  late 
Professor  Coats's  standard  work  should  contain  some  brief  indication  of 
what  he  did,  and  what  he  was,  in  a  life-time  full  of  activity,  but  too 
short  according  to  our  human  estimate  for  the  tasks  allotted  to  it.  No 
more  pathetic  instance  of  frustrated  hopes  could  well  be  found  than  in 
the  simple  statement  that  Joseph  Coats,  working  all  his  life  for  nearlj^  ■ 
a  quarter  of  a  century  towards  a  professorship  of  pathology,  should 
have  attained  that  official  status  barely  five  years  before  his  death,  and 
should  have  inaugurated  a  new  pathological  institute,  mainly  due  to 
his  own  initiative  and  enthusiastic  endeavours,  on  October  14th, 
1896,  to  be  used  for  only  three  seasons  under  his  direction,  amid 
periods  of  ill-health,  which  ended  in  a  fatal  result  on  January  24th, 
1899.    The  life  that  was  thus  closed,  however,  was  one  of  remarkably 
sustained  eflfort,  and  of  absolute  consistency  of  aim,  from  first  to  last. 
For  more  than  twenty  years  before  he  became  a  professor  in  the 
University,  Dr.  Coats  was  the  mainstay  of  scientific  pathological  teach- 
ing in  Grlasgow.    All  his  attainments,  and  all  his  resources,  were 
devoted  consistently,  and  with  marked  success,  to  this  one  object ;  and 
the  present  volume,  as  well  as  the  completed  pathological  institute  which 
is  now  carried  on  by  his  successor,  form  the  more  or  less  permanent 
memorials  of  a  life-time  of  arduous  labour,  carried  on  among  the 
students  of  Glasgow  University,  by  one  who  was  as  much  respected 
by  them  as  he  was  by  those  who  later  on  became  his  colleagues 
in  an  official  sense.    As  the  oldest  of  these,  a  friend  of  Dr.  Coats 
from  his  studentship  onwards,  and  at  all  times  working  in  co- 
operation with  him,  I  have  been  asked  to  write  these  few  lines  as  a 
preface  to  his  book.    A  more  detailed  notice  of  the  man  will  be  found 
ni  the  British  Medical  Journal  for  4th  February,  1899.    Here  it  is 
sufficient  to  recall  in  a  few  sentences  what  has  a  direct  bearing  on  the 
present  undertaking. 

Dr.  Coats,  as  a  teacher  of  pathology  in  its  modern  aspects,  was 
methodical,  painstaking,  and  thorough  in  all  his  ways.    At  an  early 
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period  he  had  studied  both  in  France  and  Germany  under  the  best 
teachers,  and  had  adopted  everything  as  regards  their  methods  of  pro- 
cedure which  he  regarded  as  conducive  to  the  highest  success.  He 
became  pathologist,  first  to  the  Eoyal  Infirmary,  and  afterwards  to  the 
Western  Infirmary ;  where,  although  his  position  was  not  that  of  a 
professor  till  1894,  his  supremacy  was  unquestioned,  and  he  had  the 
countenance  and  support  of  the  University  long  before  he  became  a 
professor  de  facto.    Thus  it  happens  that  this  volume,  the  first  edition 
of  which  appeared  in  1883,  was  even  at  that  time  directed  carefully  and 
practically  to  the  end  which  it  was  destined  to  fulfil,  by  becoming  at 
once  a  manual  of  instruction  for  the  student  of  medicine,  and  a  work  of 
reference  for  the  practitioner  who  may  be  desirous  of  keeping  his  patho- 
logical knowledge  up  to  date.    Until  the  author  was  disabled  hj  illness 
it  may  fairly  be  said  that  not  a  single  session  passed  without  the  entire 
teaching  of  the  book  being  gone  over  and  mentally  reviewed  in  the 
light  of  new  and  original  research.    For  Dr.  Coats's  mind,  if  one  may 
admit  that  it  fell  short  of  the  highest  type  of  creative  originality,  was 
eminently  receptive,  full  of  sustained  enthusiasm,  and  always  directed 
to  the  verification  by  his  pupils,  as  well  as  by  his  own  exertions,  of 
everything  new  that  appeared  to  be  worthy  of  renewed  research.  The 
abundance  of  materials  at  his  disposal  was  such  that,  with  systematic 
and  practical  classes  of  undergraduates,  and  latterly  post-graduate 
classes  conducted  in  the  autumn,  his  time  was  very  fully  taken  up,  and 
his  attention  constantly  kept  alive  to  all  the  details  of  modern -path- 
ology.   The  writer  of  these  lines,  being  himself  a  pathologist  of  older 
date,  and  ever  interested  in  the  subject,  can  bear  witness  from  experi- 
ence' on  many  occasions  how  full  and  how  fresh  was  the  impulse  that 
always  came  from  conferring  with  Dr.  Coats  on  any  subject  arising 
within  the  department  of  scientific  pathology.    Nor  was  the  clinical 
interest  ever  lost  sight  of  by  Dr.  Coats.    Early  in  his  career  he  had 
seen  a  great  deal  of  practice  in  the  wards ;  and  m  the  Chnical  and 
Pathological  Society  of  Glasgow,  of  which  he  was  one  of  the  orignial 
members,  the  habit  of  regarding  pathological  facts  from  the  chnical  side 
was  kept  up;  the  greatest  pains  being  taken  to  make  the  reports,  and 
also  the  preparations  in  the  museum,  representative  of  both  aspects  of 
knowledge.    So  that  I  apprehend  that  this  volume,  far  more  than  most 
treatises  on  Pathology,  will  be  found  to  be  full  of  suggestions  for  the 
busy  man  in  the  routine  of  daily  practice. 

Above  all,  I  am  confident  that  it  will  be  found  to  represent  ade- 
quately the  existing  state  of  pathological  science  in  such  a  way  as  to  be 
eminently  trustworthy  in  detail.  It  will  present  many  t^lnngs  ni  jw 
lights,  but  always  with  most  careful  reference  to  investigations  founded 
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on  fact.  The  lucid  order  and  readableness,  which  were  the  charaC' 
teristics  of  former  editions,  were  never  gained  by  over-indulgence  in 
merely  speculative  considerations ;  and  the  illustrations,  as  well  as 
the  researches  on  which  they  are  founded,  are  largely  the  result 
of  personal  and  original  research.  The  present  edition  may  be  said  to 
have  had  the  counsel  and  support  of  the  late  author  up  to  the  very 
close  of  his  life ;  and  it  has  been  carried  out  by  his  late  chief  assistant, 
although  with  .considerable  necessary  alterations,  in  the  very  spirit  of 
the  original  work.  It  is  the  expectation,  and  must  be  the  desire,  of 
every  friend  of  Professor  Coats,  and  every  member  of  the  Glasgow 
medical  school,  that  this  work  in  its  present  form  may  be  a  worthy 
memorial  of  one  who  was  respected  and  beloved  alike  by  teachers  and 
students. 

W.  T.  GAIRDNER. 

The  Umiversity, 
Glasgow,  January,  1900. 
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Theoughout  the  revisal  of  this  edition,  the  requirements  of  the 
student  of  medicine  have  been  kept  prominently  in  view.  Considerable 
alterations  have  been  made  without  materially  interfering  with  the 
original  plan  or  intention  of  the  work.  The  chapter  on  Bacteriology 
has  been  omitted,  as  the  subject  is  now  one  which  can  only  be  ade- 
quately dealt  with  in  special  treatises. 

The  illustrations  have  been  increased  from  490  to  729,  and  two 
coloured  plates  have  been  added.  With  few  exceptions  these  have 
been  made  from  specimens  in  the  Pathological  Museum  of  the  Uni- 
versity College,  Dundee,  and  I  desire  to  express  my  cordial  thanks  to 
Mr.  Richard  Muir,  Edinburgh,  Mr.  H.  C.  Smith,  London,  and  Messrs. 
J.  B.  Corr  and  George  Fair,  Dundee,  for  their  painstaking  and 
successful  labours. 

Prof.  Kynoch,  Dundee,  has  very  kindly  revised  the  section  on 
Diseases  of  the  Female  Generative  Organs,  and  I  am  under  a  heavy 
debt  of  gratitude  to  my  colleague.  Prof.  C.  R.  Marshall,  not  only  for 
the  preparation  of  the  index,  but  for  many  valuable  suggestions  and 
much  assistance  in  seeing  the  work  through  the  press. 

L.  R.  SUTHERLAND. 

Univebsity  College, 

DuNDEK,  Sept.  1903. 


CONTENTS. 


INTRODUCTION. 


PART  FIRST— GENERAL  DISEASES. 
SECTION  1. 


NATURE,  CAUSATION,  AND  TERMINATIONS  OF  DISEASE  IN  GENERAL. 

Nature  of  Disease. — Normal  activities  of  tissues  concerned  with  self  -preservation  ; 
in  disease  their  eflS.ciency  impaired.  Causation  of  Disease.— Action  of  ex- 
ternal forces  nearly  always  present,  but  powers  of  resistance  in  the  tissues 
an  important  element.  A.  Influence  of  external  forces :  I.  Direct  action 
of  (1)  the  physical  forces,  (2)  poisons,  (.3)  infective  agents;  II.  Indirect 
action  in  producing  susceptibility  to  disease.  B.  Influence  of  internal 
conditions :  I.  Congenital  diseases  and  susceptibilities ;  II.  Influence  of 
inheritance  (1)  on  racial  and  individual  characters,  (2)  on  anatomical  or 
morphological  and  physiological  abnormalities,  (.3)  on  susceptibilities  and 
predispositions  to  disease,  (4)  on  the  constitution  of  the  body  as  a  whole 
and  its  individual  parts.  III.  Influence  of  age  and  sex.  Terminations  of 
Disease.— Recovery  implies  vm  medicatrix  naturce.  Death  by  failure  of 
respiration  or  of  heart's  action,  .1-29. 


SECTION  II. 


TERATOLOGY. 
GENERAL  MALFORMATIONS.  MONSTROSITIES. 

Introduction. —Definition  of  terms  and  grouping.  Causation  of  monstrosities. 
_  omeuclature.  I.  Monstrosities  by  Excess,  in  size  or  number.  A.  By  excess 
in  size,  giants,  local  hypertrophies.    B.  By  excess  in  number— Fission  of 


Xll 


CONTENTS. 


embryo,  i.  Complete  duplication,  twins,  with  subsequent  partial  union  (1) 
of  xiphoid,  (2)  of  thorax,  (3)  of  thorax  and  head,  (4)  of  head,  (5)  of  pelvis, 
(6)  of  sacrum,  ii.  Abcaudal  duplication:  (1)  head  single,  and  bodies  equal ; 
(2)  head  single,  one  body  undeveloped  and  parasitic ;  (3)  Duplication  of 
pelvis  and  legs.  iii.  Abcranial  Duplication  :  (1)  partial  duplication  of  head — 
double-face ;  (2)  complete  division  of  head — double-head ;  (3)  one  division 
undeveloped  and  parasitic ;  (4)  supernumerary  arms.  iv.  Duplication  both 
abcaudal  and  abcranial.  v.  Triple  monsters,  vi.  Reduplication  of  parts. 
II.  Monstrosities  by  defect  in  size  or  formation.  A.  Defect  in  size— Dwarfs. 
B.  Defects  in  formation  arising  (1)  from  dropsy  of  the  cerebro-spinal  canal, 
etc.  ;  (2)  from  influence  of  amnion.  I.  Extreme  defect  in  Twin-Foetation. 
Acardiaci:  (1)  acephalus,  (2)  acormus,  (3)  amorphus.  ii.  Defects  involving 
the  head  and  spinal  column:  (1)  Brain  absent,  Anencephalus ;  (2)  brain 
displaced— Encephalocele,  Hernia  cerebri ;  (3)  brain  defective— Cyclopia,  (4) 
jaw  defective — Agnathia;  (5)  vertebral  canal  and  cord  imperfect— Spina 
bifida,  iii.  Defective  closure  of  parts  in  front:  (1)  facial  clefts;  (2)  con- 
genital fistula  of  neck  ;  (3)  defective  closure  of  thorax  ;  (4)  of  abdomen. 
IV.  Defect  of  orifices  and  canals,  v.  Absence  or  defect  of  extremities.  III. 
Aberrant  Monstrosities,  chiefly  transpositions  of  viscera,    -       -  .30-62. 


SECTION  III. 

AFFECTIONS  OF  THE  CIRCULATION  AND  DISTRIBUTION  OF  THE 

BLOOD. 


Physiology  of  the  Circulation.— Innervation  of  Arteries,  etc.  Local  Hypersemia. 
—I.  Active  hyperemia  ;  caused  chiefly  by  dilatation  of  arteries  ;  phenomena. 
II.  Passive  hyperemia;  caused  chiefly  by  weakness  of  heart  or  venous 
obstruction.  Phenomena,  including  diapedesis,  oedema,  etc.  Local  Anaemia 
or  Ischsemia ;  chiefly  from  obstruction  of  arteries.  Thrombosis.  Coagula- 
tion of  the  blood.  The  process  of  thrombosis  shown  by  experiment ;  char- 
acters and  forms  of  thrombi.  Causation,  from  stagnation  of  blood  ;  from 
alteration  of  wall.  Growth  of  thrombi.  (Absence  of  throml)osis  from 
capillaries.)  Changes  in  thrombi,  chiefly  softening  and  organization. 
Results  of  thrombosis.  Embolism.  Causation,  chiefly  by  thrombosis. 
Phenomena,  in  (1)  Arteries  with  free  anastomosis;  (2)  Arteries  with  im- 
perfect anastomosis  (End  arteries)  ;  in  them,  (a)  Engorgement  of  vessels, 
i.)  Haemorrhage,  and  (c)  Necrosis;  disposal  of  infarction.  Special  forms 
of  embolism,  malignant  tumours,  fat,  air,  and  infective  Hemorrhage  ;  by 
rupture  or  by  diapedesis  ;  causation  various;  stilling  of  hani.orrhage ;  seats 
of  efiusion  and  disposal  of  the  blood.  (Edema  and  Dropsy,  depend  on  the 
lymphatic  circulation.  Causation  and  nature  of  process;  rarely  fron 
lymphatic  obstruction;  usually  from  passive  hyperemia;  hydnemia  an  i 
hydLmic  plethora  as  causes,  especially  in  Brighfs  disease  ;  -rvous  u^u- 
ences  in  causation.    Position  and  character  of  exudation,        -        l^^  ^^- 


CONTENTS. 


xni 


SECTION  IV. 

INFLAMMATION. 

Etiology.  Produced  by  "irritants,"  whose  character  is  to  injure  the  tissues  ;  in- 
fluences of  nervous  system,  etc.  ;  mode  of  entrance  of  irritants.  I.  Principal 
phenomena,  exhibited  in  an  experiment.  11.  The  state  of  the  vessels, 
(Contraction  not  essential)  dilatation  with  active  hyperajmia,  followed  by 
retardation;  explanation  of  these;  pavementing  of  veins.  Increase  of 
temperature,  not  due  to  heat  production,  but  to  excess  of  blood.  III.  The 
inflammatory  exudation.  (1)  The  serous  and  (2)  the  fibrinous  exudation, 
(.3)  exudation  of  white  corpuscles  by  emigration  and  of  red  by  diapedesis, 
explanation  of  these  ;  chemiotaxis  ;  phagocytosis,  (4)  cells  from  other  sources, 
(5)  the  purulent  exudation,  suppuration  due  to  pyogenic  mioiobes ;  the 
abscess  ;  (croupous  and  diphtheritic  exudations).  IV.  Changes  in  the  tissues. 
(1)  Parenchymatous  changes  ;  (2)  New -formation  of  tissue,  (a)  in  the  granu- 
lating wound  ;  the  formative  cells  and  their  origin  ;  new-formation  of  blood- 
vessels and  of  epithelium  ;  (h)  other  inflammatory  new-formations.  Y.  The 
issues  of  inflammation.  VI.  Systemic  changes  resulting  from  inflammation. 
VII.  Terminology  of  inflammation,  107-141. 


SECTION  V. 

INFECTION  AND  INFECTIVE  DISEASES. 

I.  General  facts  with  regard  to  Infection,  Infective  and  Infectious  diseases,  (a) 

Local  infection,  (b)  General  toxic  effects,  (c)  Infection  of  the  blood.  II. 
Susceptibility  to  infection.  Immunity.  (1)  Natural  Immunity.  (2)  Acquired 
Immunity.  (3)  Artificial  Immunity,  (a)  Active.  (6)  Passive.  (4)  Toxins 
and  Antitoxins.  (5)  Theories  of  Immunity.  (6)  Duration  of  Acquired  and 
Artificial  Immunity.  III.  Infective  diseases,  i.  Septic  Infection.  Definition. 
Mode  of  induction.  Suppuration.  Purulent  infiltration.  Abscess.  Septic 
infection  of  cutaneous  and  mucous  surfaces.  Septic  infection  in  serous 
cavities.  General  symptoms  resulting  from  septic  infection.  The  pyogenic 
microbes,  ii.  Acute  Specific  Diseases,  a.  Diseases  of  uncertain  microbic 
origin— Acute  specific  fevers  mainly.  —Small-pox,  Chicken-pox,  Scarlet  fever, 
Measles,  German  Measles,  Typhus  fever.  Yellow  fever,  Whooping  Cough, 
Mumps,  Rheumatic  fever,  Dengue,  etc.  b.  Diseases  of  certain  microbic 
origin.  Erysipelas,  Influenza,  Plague ,  Malta  fever.  Anthrax  and  Symptomatic 
Anthrax,  Malignant  CEdema,  Relapsing  fever  and  many  others  referred  to 
in  special  part  of  work.  iii.  Infective  Tumours.  Specific  New-formations. 
New-formations  due  to  specific  morbid  poisons,  which  in  most  have  been 
determined,  r.  Syphilis.— The  primary  lesion,  or  Hunterian  chancre  ;  afiec- 
tion  of  lymphatic  glands.  The  secondary  lesion,  the  virus  in  the  blood. 
The  tertiary  lesion,  gummata  ;  amyloid  disease  ;  affection  of  arteries. 
Hereditary  and  congenital  syphilis.  ii.  Tuberculosis.— Causation,  the 
bacillus  ;  tuberculosis  by  inoculation  ;  contagiousness  ;  inheritance.  Char- 
acter of  the  lesion,  the  miliary  tubercle  ;  how  produced  ;  caseous  necrosis  ; 


xiv 


CONTENTS. 


fibrous  transformation  ;  softening  and  ulceration.  Local  tuljerculosis  ;  mode 
of  access  of  bacillus  ;  extension  of  local  process,  by  lymphatics  and  along 
surfaces  ;  effects  of  local  tuberculosis,  emaciation,  fever,  etc.  General  tuber- 
culosis, or  acute  miliary  tuberculosis.  Tuberculosis  in  animals,  iii.  Leprosy; 
the  bacillus ;  character  of  lesions  in  tubercular  and  aneesthetic  forms,  iv. 
Elephantiasis  ;  causation  from  unknown  morbid  poison  ;  character  of  lesion. 
V.  Glanders  ;  causation  and  character  of  lesion.  yi.  Actinomycosis.  Madura 
disease  ;  causation  ;  character  of  lesions  and  locality,  vii.  Hodgldn's  disease  ; 
cliaracter  of  lesion.  Framboesia.  Granuloma  Fungoides  (see  under  Diseases 
of  Skin),   142-221. 


SECTION  VI. 


INTOXICATIONS— DISEASES  RESULTING  FROM  CHANGES  {IN  SECRETION 

AND  EXCRETION. 

Intoxications. — A  varied  assortment  of  morbid  conditions  characterized  by 
changes  in  the  blood  and  other  fluids,  either  from  the  presence  of  toxic 
substances  or  from  alterations  in  chemical  composition.  A.  Intoxication, 
Definition.  Auto -intoxication.  Limitation  of  term.  B.  Diseases  frovi 
changes  in  secretion  and  excretion.  (I)  Urmmia.  (2)  Gout.  (3)  Diabetes. 
(4)  Liptemia.  (5)  Melaneemia.  (6)  Myxoedema.  (7)  Cretinism.  (8)  Exoph- 
tbalmic  goitre.    (9)  Acromegaly.    (10)  Addison's  disease,    -       -  222-242. 


SECTION  VII. 


PYREXIA— FEVER. 


Normal  temperature,  resulting  from  balance  of  production  and  discharge  of  heat, 
regulated  by  a  calorific  centre  in  the  brain.  Limitations  of  power  of 
regulation  when  body  exposed  to  excessive  cold  or  excessive  heat.  Causation 
and  Forms  of  Pyrexia— Production  from  lesions  of  nervous  system.  Post- 
mortem rise  of  temperature.  Pyrexia  from  contamination  of  the  blood, 
Fever  proper  ;  usually  due  to  action  of  microbes  ;  phenomena  of  cold  stage, 
of  fastigium, '  and  of  crisis.  Theories  of  Pyrexia-Thc  nervous  and  the 
metabolic  theories.  Arguments  in  favour  of  the  latter.  Other  Phenomena 
of  fever  ■  cloudy  swelling,  increased  rate  of  pulse  and  respirations,  fall  of 
blood-pressure   and   nervous   disturbances.     Post-mortem  appearances  m 

243-254. 

fevers,     -      -       ■  ' 


SECTION  VIII. 

NEW-FORMATION. 
HYPERTROPHY,  REPAIR,  REGENERATION,  TRANSPLANTATION. 

New-formation  of  Tissues  by  karyomitosis.    Genesis  of         ^7^*j7 '/^ 
indifferent  cells  ;    metaplasia.     L  Hypertrophy,   compared   with  normal 


CONTENTS. 


XV 


growth ;  Hypertrophy  (1)  from  congenital  proclivity;  (2)  compensatory; 
(3)  from  increased  blood-supply ;  (4)  from  direct  stimulation  ;  (5)  from 
friction.  II.  Kegeneration  of  Tissue  ;  limited  powers  of  restoration  in  man. 
III.  Repair  of  Injuries  ;  healing  of  wounds,  restoration  of  blood,  epithelium, 
and  connective  tissues,  also  nerve  and  muscles.  IV.  Transplantation,  effected 
by  experiment  in  animals,  spontaneously  or  by  operation  in  man,  255-270. 


SECTION  IX. 

TUMOURS  OR  MORBID  GROWTHS. 
INTRODUCTION. 

Definition.— Structure,  typical  or  atypical.  Causation,  Cohnheim's  theory  of 
origin ;  Eibbert's  theory  ;  inheritance  ;  effect  of  injuries,  etc.  ;  parasitic 
microbes  ;  influence  of  age.  Growth  and  Extension,  typical  or  atypical ;  local 
malignancy  ;  metastasis  and  generalization  of  tumours  ;  occasional  malignancy 
of  typical  tumours.    Classification  and  Nomenclature,    -       -       -  271-279 


SECTION  IX.— Continued. 

A. -TYPICAL  OR  HISTOID  TUMOURS. 

1.  Fibroma,  hard  fibroma,  soft  fibroma,  cutaneous  outgrowths,  elephantoid 
hypertrophy,  molluscum  fibrosum  ;  2.  Lipoma,  diffuse  and  encapsuled  varieties  - 
3.  Myxoma  characters  of  mucous  tissue;  hydatid  mole;  the  myxoma' 
vane  les  of;  4.  Chondroma,  as  ecchondrosis  or  enchondroma,  the  latte; 

MvomaT'tT/'*'  exostosis  Odontoma" 

6.  Myoma,^the  rhabdomyoma  rare,  the  leiomyoma  common,  structure  and 
relations  of  latter,  Wood's  painful  subcutaneous  tubercle;  7   Neurom"  the 

10.  Psammoma;  11.  Lymphoma;  12.  PapUloma ;  1.3.  Adenoma,  of  varvinL^ 
structure  accordmg  to  gland;  14.  Cystoma,  cysts  arising  from  pr  -exiS  nt 
cavifes  mchidmg  retention  cysts;  and  cysts  of  independent  origin  nelS 
dermoid  cysts,  adenoid  cystoma,  extravasation  cysts"  etc.  ;  15.  Temoma^  ^ 

280-330 

SECTION  IX.-CONTINUED. 
B. -ATYPICAL  TUMOURS. 

in  structu.^;  intrTtio/  oT^ffi  7  "  ''"'"'^  ^  ^'-"g^^ 
Individual  forms.     1    Sund  fltd'o   7  . 

Pigmented,  and  5.  P lexffo  m  "  Spmdle-celled,  3.  Giant-celled,  4. 

S  ilexiform  sarcomas.    Other  forms  described.  331-344. 
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II.  Carcinoma  or  Cancer.  Uefinition,  Structure  ;  cells,  stroma,  blood-vessels, 
lymphatics.  Origin  ;  from  existing  epithelium,  shown  in  many  cases,  hence 
its  localities  where  epithelium  exists.  Influence  of  age  and  sex.  Growth 
and  extension  ;  frequently  by  infiltration  ;  ulceration  ;  secondary  tumours  in 
lymphatic  glands ;  generalization  by  implantation  of  grafts ;  usual  seats  of 
secondary  tumours  ;  their  large  size ;  their  mimicry  of  primary  tumours. 
Retrograde  changes ;  fatty  degeneration,  chiefly.  The  local  nature  of  cancer. 
Individual  forms.  1.  Flat-celled  epithelioma,  including  Rodent  ulcer.  2. 
Cylinder-celled  epithelioma,  3.  Soft  or  medullary  cancer,  4.  Scirrhus,  5. 
Colloid  cancer,  6.  Melanotic  cancer,  7.  Mucous  cancer,  8.  Endothelioma, 

344-368. 


SECTION  X. 


RETROGRADE  CHANGES. 


[  Necrosis,  Gangrene,  Mortification.  (1)  Causes;  direct  injury  obstruction  o 
arteries  spasm  of  arteries,  obstruction  of  veins,  nervous  mfluences,  assisted 
by  weakness  of  the  heart ;  (2)  Forms  of  necrosis  and  changes  m  tissues, 
determined  chiefly  by  inflanm.ation  and  putrefactive  changes.  Various 
forms  of  gangrene;  coagulation-necrosis;  caseation;  iat-necrosis  ;  (3)  Issues 
of  necrosis.  II.  Simple  atrophy,  its  physiological  type.  General  and  local 
atroDhv  III-  Albuminous  infiltration,  also  in  general  and  local  forms 
IV  Fatty  degeneration,  a  transformation  of  nitrogenous  principles.  General 
and  W  forms.  Character  of  lesion  and  results.  V.  Fatty  infiltration, 
(1)  in  connective  tissue,  (2)  in  the  liver.  VI.  Pathological  pigmentation- 
Oriein  of  pigment.  (1)  Alterations  of  physiological  pigmentation  ;  (2)  pig- 
mentation by  haemoglobin  and  its  derivatives;  (3)  icterus,  hepatogenous  and 
r4lt  genous  ;  (4)  pigmentation  in  tumours ;  (5)  pigmentation  from  without ; 
eTXXtlry  atiiphy.  VII.  Amyloid  degeneration-Causation  and  nature 
S^'rocr  changes  m  tissue  and  seat;  local  amyloid  degeneration  ;  coi^ora 
of  process,  e     g  ^  degenerations.    IX.  Glyco- 

X.  calcareous  infiltration,  mainly  in  dead  or  obsole. 

structures  ;  characters  and  effects,  - 

SECTION  XI. 

ANIMAL  PAHASITES. 

T  tprna.1  Parasites  their  general  characters  and  effects.   I.  Protozoa. 
A.  EBtozoa  °^  ^.'^^'^f '       ( '  4a.matozoa"  of  malaria.    11.  Trematoda  or 

(1)  Amoeba.    (2)  Coccidia.    (6)    nxm  ,,.„m.itobiu.n.    III.  Cestoda 

Flukes  chiefly  Distoma  hepaticum,  smense,  and  h-unatobuun  ^ 
Flulces,  cmeny  gtructure  and  development;  Cysticeicus 

or  tape-wonns.  1)  ia^ma  — •  „ediocanellata.  (3)  Ta3nia  echino- 
cellulosaJ,  its  scolex  form.  ; '^7'' ,  ,  „_,,ies,  heads  and  laminated 
coccus,  forming  Ihydatids  ;  i ts  cysts,  ^^^^^^J;^;^.,^^^.  ly.  Nematoda 
membrane.    (4)  Botlunocephalus  latus.    0  h^^^^^^^^  ^^^^^^^^  ^^^^^^ 

or  round-worms.    (D  Trichina  spiralis,  its  emb.yoni 
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of  migrations.  (2)  Ascaris  lumbricoides.  (3)  Oxyuris  verniicnlaris.  (4) 
Ti'ichoeephalus  dispar.  (5)  Aiikylostonniin  duodenale.  (6)  Filaria  medinensis. 
(7)  Filaria  sanguinis,  its  periodicity  in  the  blood  ;  relation  to  chylous  urine 
and  lymph-scrotum. 

B.  Epizoa  or  External  Parasites.  (1)  Arachnidie,  chiefly  Acarus  scabiei  and 
Peutastomum  denticulatum.  (2)  Insecta,  chiefly  Pediculi  and  Pulex  irritans. 
Larvse  of  insects  in  wounds,  skin,  and  bowels,  ...  410-449. 


PAET  SECOND— DISEASES  OF  THE  SPECIAL 
ORGANS  AND  SYSTEMS. 


SECTION  I. 

ALTERATIONS  OF  THE  BLOOD  AND  ITS  CONSTITUENTS. 

Constituents  of  the  blood  :-(l)  Plasma;  (2)  Erythrocytes  ;  (3)  Leucocytes;  Blood- 
Plates,  Hffimoconia.  I.  General  hypersemia.  Plethora ;  produced  artificially 
by  Transfusion  of  blood  ;  Plethora  as  a  pathological  condition.  II.  General 
anaemia:  (1)  Causation  :  (a)  From  destruction  of  red  corpuscles,  hasmorrhage, 
hsemoglobiuuria ;  (h)  From  defective  formation.  (2)  Character  of  the  changes 
in  the  blood  in  oliga3mia ;  in  pernicious  antemia  ;  in  chlorosis ;  in  secondary 
auEemias.  (3)  The  bone-marrow  in  anaemias.  (4)  Secondary  changes  in 
anaemias.  III.  Leucocytosis.  IV.  Leukaemia,  Causation  obscure;  changes  in 
blood  and  nature  of  the  disease  ;  condition  of  bone-marrow  ;  spleen  ;  lym- 
phatic glands;  liver,  kidneys,  etc.,   450-473 


SECTION  II. 

DISEASES  OF  THE  ORGANS  OF  CIRCULATION. 
A. -THE  HEART  AND  PERICARDIUM. 

'°Fo'rnr'c"vr™'*""'  ''"'^  °'  ^^'^^^^  --^^^  Causation. 

foZ  of  thrnT'^Tr'''' the  various 
Causes  ^^"^  °'        ''""-^^  arteries. 

chTnTes  m  ir^l  "-T'v  ''"^""^^  obstruction.  IV.  Retrograde 
?a3eJnern^  m;  nf'''''''^  ^"^"^^  ''^^^P''^'  Fatty  infiltration,  (3) 
and        urc  T";  "  .  infiltration,  (5)  Other  forms,  (6)  Injuries 

Fo  n  s  of  hv;  T*  ^yP^^^^^P^ya'id  Dilatation.  Causes,  including  overstrain. 
pZlLt    nT^^^^^^^^  (1)  Myocarditis,  parenhymatous, 

mVc^i^LA;,-  (2)  Endocarditis,  acute,  clironic,  and  ulcerative, 

(3)  Pericarditis,  acute,  chronic,  and  tubercular.    VII.  Valvular  disease.  (1 

aortic  vahes,  (.3)  Valvular  disease  of  right  heart,  -       -       -       .  474.541 
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SECTION  II.— Continued. 


B. -BLOOD-VESSELS. 


I.  Diseases  of  the  Arteries.  (1)  Thrombosis  and  Embolism.  (2)  01)literation. 
(3)  Acute  inflammation.  (4)  Chronic  endarteritis  or  atheroma  ;  (a)  Causation 
and  nature,  (b)  tissue  changes,  (c)  effects  on  circulation. .   (5)  Endarteritis 

"  •  obliterans.  (6)  Retrograde  changes ;  (a)  Fatty  degeneration  of  the  intima, 
{!,)  calcareous  infiltration  with  ossification,  (c)  amyloid  disease.  (7)  Aneurysm ; 
(a)  causation  and  mode  of  production  ;  injury  to  middle  coat  and  increase  of 
blood-pressure  ;  (b)  coats  of  artery  in  aneurysm  ;  (c)  thrombi ;  (d)  condition 
of  branches ;  (e)  effects  on  the  heart ;  and  (/)  on  parts  around  ;  (g)  termina- 
tions, by  cure,  by  pressure  effects,  by  rupture.  (8)  Special  forms  of  aneurysm ; 
(a)  cirsoid  aneurysm  or  aneurysm  by  anastomosis  ;  (b)  traumatic  aneurysm  ; 
(,•)  dissecting  aneurysm  ;  (rf)  varicose  aneurysm.   (9)  Syphilitic  and  tubercular 

affections  of  arteries,  

11  Diseases  of  the  Veins.    (1)  Thrombosis.    (2)  Inflammations,  including  septic 
■   phlebitis  and  pycemia.     (3)  Varix,  causation  and  character  of  changes ; 
Hemorrhoids ;  varicocele.    (4)  New-formations  in  veins,    -       -  5/9-58b. 


SECTION  II.— Continued. 

C. -DISEASES  OF  THE  LYMPHATIC  SYSTEM  AND  SPLEEN. 
T  The  Lymphatic  Vessels. -Inflammations.  Tuberculosis.  Dilatation  from 
obstruction  of  the  thoracic  duct  and  other  stems.  Tumours,  including 
ec  i  wT  cancer.  II.  The  Lymphatic  Glands.-l.  Their  structure  and 
tpneral  nathologv  2.  Degenerations.  3.  Pigmentation  leading  to  induration. 
ri^^C^^eniti.,Bn,o.  5.  Chronic  lymphadenitis.  6.  Tuberculosis, 
primary  nd- secondary.  7.  Syphilis.  8.  Tumours.  III.  The  Spleen.-Its 
St  rture  Malformations  and  malpositions.  Active  congestion  and  inflam- 
mation the  acute  splenic  tumour.  Chronic  inflammation;  the  chronic 
mation ,   tne  i  ^j^^  ^^^^^^^^  infarction.  Rupture. 

culosis,  syphilis,  and  tumours, 

SECTION  III. 

DISEASES  OF  THE  BONES  AND  JOINTS. 

rr  B.rrr  Mt;^='.  ""ii™, 

»t  o,.if,ing  »ra..ge  ...d  under  r«"»  ™  "  ■  E.t«g«de 

M\  A+rnnlw  (2)  Osteomalacia  or  Moilities  osbium. 
Changes,  (l)Atiophy,  WU  ,,,tiye  inflammations,  trau.nat.c 

tions-Introductory     (D  ^"^''^'^^.["..l}  inflammations,  implying 

and  infective,  the  ^^^^^Z^,.    VH.  Necrosis -Causa- 

rarefaction  and  ncw-formation.     \i.  ^yi- 
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tiou.  Tlie  resulting  lesions  mainly  inflammatory  ;  separation  of  sequestrum  ; 
absorption  of  dead  bone.  Phosphorus-necrosis.  VIII.  Regeneration.  (1) 
Healing  of  fractures ;  production  and  structure  of  callus.  (2)  Transplantation 
of  bone.  IX.  Specific  new-formations.  (1)  Tuberculosis;  causation;  lesions— 
including  caries,  cold  abscess,  etc.  ;  healing  of  lesions.  (2)  Syphilis ;  gum- 
niata  and  lesions  of  congenital  syphilis.  (3)  Actinomycosis.  X.  Spinal 
curvatures— Introduction.  Forms  of  curvature,  autero-posterior  or  lateral. 
XL  Tumours,  chiefly  exostoses  and  sarcomas,  ,  -  -  -  .  610-668. 
B.  The  Joints.  I.  Dislocations  and  Misplacements,  congenital  forms ;  talipes ; 
traumatic  and  spontaneous  dislocations.  II.  Anchylosis.  III.  Inflammations. 
IV.  Syphilis  and  Tuberculosis.    V.  Loose  bodies,  -       -       -       .  668-682. 
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DISEASES  OF  THE  NEKVOUS  SYSTEM. 
Introduction.    The  plan  of  the  nervous  system  in  general,    -       -       .  669-687. 

A.  — The  Peripheral  Nerves.    Anatomical  introduction.    1.  Effects  of  injury  and 

division  of  nerve  stems.  2.  Neuritis :  (1)  Multiple  neuritis-(a)  from  lead  ; 
(6)  from  arsenic  ;  (c)  from  alcohol ;  (d)  in  acute  specific  fevers,  etc.  (2)  Local 
neuritis  [a]  by  continuity;  (6)  leprous  ;  (c)  syphilitic.    3.  Tumours,  687-696. 

B.  -The  Spinal  Cord  and  Medulla.     Anatomical  introduction.     I.  Secondary 

Degenerations-Causation;  character  of  lesions,  grey  degeneration,  sclerosis 
^orms-I.  Descending  grey  degeneration.  2.  Ascending  grey  degeneration 
3.  Degeneration  after  amputations.  II.  Inflammations.  A.  Transverse 
Myehtis.^  I.  Acute;  acute  softening.  ,  2.  Chronic;  chronic  compression. 
3  Divers  paralysis.  5.  Systematic  Myelitis.  General  causation.  1.  Sclerosis 
o  posterior  columns;  nature  of  changes  and  relation  to  function.  Hereditary 
ataxia.  2.  Spontaneous  or  primary  lateral  sclerosis.  3.  Postero-lateral 
sclerosis.  4."  Acute  ascending  paralysis.  5.  Poliomyelitis  anterior  acuta. 
nJl""^     "  P°li°"^yelitis  anterior  chronica  or 

paralysis.    10.  Pseudo-hypertrophic  paralysis.    III.  Tumours,    -  696-729. 


SECTION  IV.— Continued. 

C— THE  ENCEPHALON. 

'^^^2TT^^rT'^7\  ™^--t  of  fibres  and  centres, 
.enital  ^rn^:;^,^-^  ^ ^^^^^  I.  Con- 

-^-^^r  ^^^—- ' 

or  thrombosis    eS;  T  ,  r        .  '^^  °^  ^^'^^^^^^ e-^olism 

in  chorea.  3  '  Thrill'  '"'^"^f  S^«°fteni"g  of  the  brain  substance  ;  occlusion 
rhage.  i  L^T'''''\''^  ^^-^^bral  sinuses.  IV.  Cerebral  H»mor- 
atheroma ;  influenn7f  •  ^  "'"'''^^  '^'^^  *°  aneurysm,  sometimes  to 

n.ay  be  from  mSl  "^^"^'"^^^  °^  ^^''"'^  P^^^-^re.  2.  From  nutrient  arteries, 
complicating  other  f/"'"''^!'"'  °'  3.  From  capillaries,  chiefly 

torms.     Appearances  in  hsemorrhage,  and  results  ;  tlie 
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apoplectic  cicatrix  and  cyst.  V.  Inflammation.  1.  Acute  localized  ence- 
phalitis. 2.  Abscess  of  the  brain.  3.  Chronic  localized  encephalitis.  4. 
Diffuse  encephalitis  (a)  in  fevers,  (h)  in  dementia  paralytica,  (c)  in  hydro- 
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1  The  tubercular  tumour.  2.  Syphilis  of  brain  and  membranes ;  disease 
of  arteries  may  lead  to  softening.  VIII.  Tumours,  chiefly  glioma  and 
sarcoma,  and  Parasites,  


SECTION  IV.— Continued. 

D.-THE  MEMBKANES  AND  CAVITIES  OF  THE  BRAIN  AND  SPINAL  CORD. 

introduction.    I.  Accumulation  of  cerebro- spinal  fluid.    1.  OSdema  of  membranes 
2  Hydrocephalus,  acquired  and  congenital.    3.  Dropsies  of  central  canal 
and  meninges  of  cord,    (a)  Hydrorrhachis  interna,  hydromyelia,  syringo- 
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Condition  of  the  cord;  spina  bifida  occulta.    II.  Meningeal  h^morrhage^ 

1  Hematoma  of  dura  mater  ;  2.  Hemorrhages  in  soft  membranes,  especially 
the  infantile  form.    III.  Inflammations.    Meningitis^    1.  ^^^'^^^^^^^^ 

2  Leptomeningitis,  including  {a)  simple,  acute,  and  chronic,  (h)  epidemic 
cerebro  spinal,lnd'(c)  tubercular  meningitis.  IV.  Tumours  of  the  men^.e  • 
V.  Affections  of  the  Pineal  and  Pituitary  bodies,        -       -       -       /su-o  /. 


SECTION  V. 
DISEASES  OF  THE  ORGANS  OF  RESPIRATION. 

.  ThP  function  of  respiration  implies  access  of  air  to  the 

aeneral  f '^"f ^f^"""-^^^^^^  Lchanism.    Respiratory  movements 

blood  and  of  blood  to  ttie  air,  a  uuuui        .  nv^nnrpa  arises  (a) 

off^PtPd  bv  nerve  centres.  Pulmonary  circulation.  1.  Dyspnoea  arises  (a) 
effected  by  ^^-^^^  ^       ^^^^  inefficiency  of  the  pulmonary 

'^°";rn  Tonre-tion  o  'dyspnl!  generally  insufficient  and  liable  to 

TTTlJ^^rie  phenomena'  of  sudden  suffocation.  Ecchymoses  m 
fail    2   Aspyhx^a        P  ^^^.^^^  ^.^.^^^  ^^^^^^^^  p^^^ 

pericardium,  pleura,  ana  lungb  808-814. 

oo-oc     1    Honaenital  malformations;  2.   Htemorrhage ;  3. 
'■^ZrTr^.^^'^^^^-;^^    tuberculosis,  a.^I.nio. 

3cleroma  ;  7.  —  8^  °  ^  ^  ,,,..mations.    1.  Diphtheria  : 

B._LarynxandTrache.    L  ^^^^^^^^^^  3  chronic  catarrh  : 

2.  Acute  catarrh,  son«  f  J^fltmmation  of  cartilages.  III.  Syphilis  and 
4.  Subglottic  inflammation  ,  5.  innamn  818-831. 

^      i„=4c    TV  Tumours  and  Foreign  bodies, 

Tuberculosis.    IV.  Tumo                    inflammations.  1.  Bronchial  catarrh. 

C -The  Bronchial  Tubes.    Introduction.    I.  nflamma  g    ^i,  bronchitis  ; 

constituting  ordinary  bronc  jtis,^^^^^^^^^^^^^  ,  growing  :  2. 

3.  Fibrinous  bronchit  s.  /^^J^^^^  foreign  bodies.  Importance 
Dilatation ;  bronchiectasis.  ^  .  .  .  831-842. 
of  the  lesions  resulting  from  foreign  bodies, 
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SECTION  v.— Continued. 


D.— THE  LUNGS. 


D.— Of  the  Lungs.     Introduction,  as  to  structure.     I.   Malformations.  II. 
Atelectasis  and  CoUapse.    III.  Hypertrophy.    IV.  Pulmonary  Emphysema, 
1.   Interlobular;  2.    Vesicular;   causation,  either  substantive  or  comple- 
mentary ;  anatomical  changes,  involving  atrophy ;  effects  of  emphysema. 
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chiefly  from  cardiac  lesions  and  hypostatic  ;  leads  to  cedema  ;  3.  Embolism  ; 
4.  Hcemorrhage  ;  the  Infarction,  etc.    VI.  Inflammations.    General  observa- 
tions.   1.  Acute  lobar  pneumonia  ;  causation  ;  epidemic  prevalence.  Stages 
of  Engorgement,  Red  and  Grey  Hepatization,  and  Eesolution;  occasional 
Purulent  infiltration,  etc.  ;  Condition  of  pleura  ;  2.  Acute  broncho-pneumonia 
or  capillary  bronchitis  ;  3.  Septic  Broncho-pneumonia  ;  4.  Diphtheritic  pneu- 
monia ;  5.  Embolic  pneumonia ;  6.  Chronic  pneumonia,  characterized  by 
induration.    VII.  Gangrene.    VIII.  Phthisis  pulmonaUs.    1.  Definition  and 
historical  resume;   2.   Causation;   3.   Anatomical  changes  in  {a)  Caseous 
form,  and  (6)  Fibroid  form  ;  4.  Extension  of  the  tuberculosis  ;  5.  Healing 
process ;  6.  Hiemorrhage,  (a)  early,  and  (6)  late ;  7.  Condition  of  pleura-^ 
pleurisy  and  pneumothorax ;  8.  General  effects.    IX.  Diseases  from  inhala- 
tion Of  dust.    X.  General  Tuberculosis,  Syphilis,  etc.     XI.  Tumours  and 

  843-916. 

E.-Of  the  Pleura.     1.  Afiections  of  the  circulation;  2.  Acute  pleurisy;  3 
Chronic  pleurisy;  Pleural  adhesions;  4.  Tuberculosis;  5.  Pneumothorax; 

-      -       -       -  916-920. 


SECTION  VI. 

DISEASES  OF  THE  THYROID  AND  THYMUS  GLANDS  AND  OF  THE 
SUPRAEENAL  BODIES. 

A.  -Tlie  Thyroid  Gland.-l.  Inflammation;  tuberculosis;  syphilis.    2.  Exoph 

^e    constr  3-  S^Ple  goitre  or  Broncho 

oeie,  consists  of  hypertrophy  and  adenoma;  colloid  change  usually  present 

f:Zrr  '^^^^^^-"-'•g-^-  with  secondary  tum'our:  4 

B.  -The  Thymus.-Its  various  diseases,     -       -       .  . 
C-The  Suprarenal  Bodies.-Chiefly  Addison's  disease,     -      .  ' 


921-924. 

924-  925. 

925-  926. 


SECTION  VII. 

DISEASES  OF  THE  ALIMENTARY  CANAL. 
A.— The  Mouth  —I  iwoi*- 

1.  Catarrh  'o  ^  ™^^[°™ations  and  retrograde  changes.  II.  Inflammations, 
ni.  Infective  and"  ''^  inflammations,  4.  Cancrum  oris,  5.  Glossitis. 

IV.  Affections  of  th  *'''^°^'"«-Syp'"lis.  Tuberculosis,  Tumours  proper. 
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JpATHOLOGY  (ttci^os — disease,  A.dyos — a  discourse)  is  the  scientific 
study  of  disease.  The  term  Disease,  which  strictly  means  nothing 
more  than  Discomfort,  has  reference  jjrimarily  to  the  subjective  sensa- 
tions of  the  person  afl'ected,  but  as  these  feelings  have  an  objective  basis, 
and  as  it  is  possible  to  distinguish  various  groups  of  phenomena,  each 
with  its  own  mode  of  divergence  from  the  healthy  conditions,  these 
groups  of  phenomena  have  come  to  be  designated  diseases. 

In  Pathology  we  aim  at  getting  close  to  the  various  diseases,  so  as 
to  study  their  essential  nature,  and  determine  their  individual  causes. 
It  is  a  scientific  study,  and  it  is  pursued  by  scientific  methods.  There 
are  three  principal  methods  by  which  the  nature  of  disease  is  elucidated, 
as  there  are  three  main  sources  of  our  knowledge  of  disease.  These 
may  be  designated  respectively.  Experimental  Pathology,  Pathological 
Anatomy  and  Histology,  and  Clinical  Observation.  To  each  of  these 
is  Pathology  indebted  in  endeavouring  to  form  a  conception  of  each 
disease  in  its  true  characters. 

So  far  as  it  can  be  prosecuted,  Experimental  Pathology,  which 
aims  at  the  production  of  morbid  conditions  in  animals  so  as  to 
observe  them  more  closely,  is  calculated  to  afi"ord  us  the  most  direct 
and  trustworthy  information  regarding  the  nature  of  diseases,  and 
much  of  the  advance  in  modern  pathology  is  due  to  this  line  of 
study.  If  we  can  actually  induce  a  given  disease  in  an  animal,  Ave 
already  know  a  great  deal  in  regard  to  its  causation,  and  arc  in 

e  way  of  finding  out  much  as  to  its  nature.  In  some  cases  we 
are  able  actually  to  observe  the  morbid  processes,  by  means  of  the 
microscope  or  otherwise,  in  the  living  animal ;  in  others  we  can  kill 
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the  animal  at  various  periods  after  the  onset  of  the  disease,  and 
observe  the  results  at  various  stages.  We  can  vary  the  experiment 
in  different  ways  so  as  to  eliminate  on  one  side  and  another  the 
various  elements,  and  so  reduce  the  problem  to  its  simple  and  neces- 
sary parts.  Experimental  pathology  has  thus  carried  us  far  towards 
understanding  many  of  the  conditions  in  disease.  Reference  need  only 
be  made  to  the  reformations  which  this  line  of  .study  has  effected 
in  our  knowledge  of  Inflammation,  Embolism,  and  Tuberculosis. 

The  study  of  Morbid  Anatomy  may  not  effect  such  revolutions  in 
pathology  as  experimental  pathology,  but  it  is  by  this  method  that 
the  scientific  basis  of  pathology  has  been  laid,  and,  in  the  training 
of  the  individual  medical  student,  it  is  calculated  to  play  a  more 
important  part  in  giving  him  an  understanding  of  the  nature  of  the 
diseases  with  which  his  professional  work  will  afterwards  bring  him 
iu  contact.    Morbid  anatomy  deals  with  the  physical  changes  which 
disease  produces  in  the  body.     These  changes  are,  as  it  were,  the 
expression  of  the  pathological  processes,  and  are  only  to  be  regarded 
as  indications  of  the  existence  of  these  processes.    It  is  probable 
that  all  morbid  processes  produce  changes  in  structure,  but  the 
changes  may  sometimes  elude  our  observation.    For  the  most  part, 
however,  we  are  able  to  associate  the  change  of  structure  with  the 
morbid  process,  and  the  observed  change  leads  us  up  to  the  actual 
nature  of  the  disease. 

Morbid  Anatomy  is  the  study  of  the  structural  changes  in  all 
periods  and  stages  of  the  disease.     It  is  sometimes  objected  td  this 
mode  of  study,  that  in  observing  the  state  of  the  tissues  after  death 
we  see  only  the  last  stages  of  disease,  and  in  some  cases  only  the 
results.     This,  however,  is  not  the  case.     Every  clinical  observer 
will  admit  that  in  the  same  disease  the  fatal  issue  occurs,  in  different 
cases,  under  the  most  diverse  circumstances.     Death  ensues,  as  a 
rule, '  when  by  reason  of  defective  nutrition,  or  a  deficiency  in  the 
supply  of  oxygenated  blood,  the  essential  functions  of  the  body  can 
no  longer  be  carried  on.    As  there  is  in  different  individuals  an 
infinite^variety  in  the  vigour  of  the  vital  processes,  so  a  condition 
which  in  one  will  very  slightly  affect  the  essential  phenomena  of 
life    will  in  another,  seriously  compromise  them.     This  is  an  ex- 
perience 'of  our  every-day  life.    Hence  it  may  be  said  in  any  given 
disease,  the  appearances  after  death  will,  in  difterent  cases,  show 
diverse  stages  and  phases  of  the  disease.    Indeed,  even  a  single  case 
may  show,  in  different  parts  of  the  aftcctcd   organs,  the  various 
changes  in  their  different  stages. 

As  an  illustration  of  what  is  meant,  take  the  case  of  pneumonia 
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—acute  inflammation  of  the  lungs.  Patients  die  in  this  disease,  as 
a  rule,  from  failure  of  the  heart  and  consequent  cessation  of  the 
circulation;  but  the  paralysis  of  the  heart  is  not  related  mainly  to 
the  condition  of  the  lungs.  It  is  more  closely  related  to  the  elevation 
of  temperature  and  alteration  of  the  blood  which  are  the  consequences 
of  the  absorption  of  poisonous  products  from  the  lungs,  while  the 
power  of  resistance  of  the  heart  in  each  person  is  an  important 
element  in  the  matter.  And  so  it  happens  that  one  man  will  die 
with  a  limited  and  advancing  pneumonia,  while  another  will  survive 
a  very  extensive  involvement  of  the  lung.  The  lung  at  death  in 
the  one  case  is  in  the  same  stage  of  the  disease  as  in  the  other  at 
a  certain  date  during  life.  We  can  study  the  nature  of  the  disease 
in  the  former  and  we  are  surely  warranted  in  assuming  that,  in  the 
patient  who  survived,  the  state  of  the  lung  is  virtually  identical 
with  that  in  the  patient  who  died. 

Again,  in  a  carcinoma  growing  up  to  death,  we  have,  at  the  grow- 
ing margins  of  the  tumour,  changes  which  are  the  same  as  those  by 
which  the  tumour  has  all  along  been  extending,  and  we  can  study 
the  methods  of  its  growth  as  well  as  its  relations  to  the  structures 
in  which  it  has  been  growing. 

Thus  it  is  that,  although  morbid  anatomy  by  itself  may  in  some 
cases  throw  little  light  on  the  nature  of  the  disease,  yet,  taken  as 
an  expression  of  the  morbid  process,  it  is  of  the  highest  value. 

In  referring  to  processes  and  changes  it  must  be  understood  that 
the  finer  structure  of  the  body  is  taken  into  account.  In  Patho- 
logical Anatomy,  we  include  Pathological  Histology,  and  it  may 
indeed  be  said  that,  as  the  coarser,  naked-eye  appearances  are  merely 
the  expression  of  the  finer  structural  details,  so  we  shall  not  under- 
stand the  former  unless  we  are  able  to  refer  them  to  the  latter. 
We  can  have  no  accurate  idea  of  the  proper  structure  of  the  normal 
liver  by  simply  looking  at  it  with  the  naked  eye,  and  we  can  have 
little  insight  into  its  morbid  conditions  by  the  same  method  of  observ- 
ation. The  morbid  conditions,  however,  do  generally  cause  changes 
in  the  naked-eye  appearances,  and  this  is  of  great  consequence  as 
enabling  us  to  infer,  even  from  the  naked-eye  appearances,  the 
character  of  the  change  in  structure.  But  these  macroscopic  appear- 
ances are  only  of  value  when  they  are  used  to  throw  light  on  the 
microscopic  changes  or  to  direct  attention  to  them.  The  really  im- 
portant processes  are  those  which  concern  the  finer  elements  of  the 
tissues,  and  so  it  is  to  these  that  we  shall  chiefly  attend  in  studying 
the  various  forms  of  disease. 

In  the  investigation  of  disease  by  the  methods  just  considered  we 
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avail  ourselves  of  the  results  obtained  by  labourers  in  the  field  of 
Bacteriology.  Bacteriology  concerns  itself  with  the  study  of  microbes 
and  has  within  recent  years  attained  the  dignity  of  a  special  science, 
with  a  special  and  ever-increasing  literature  of  its  own.  It  will  receive 
consideration  here  mainly  as  a  development  of  the  setiological  side  of 
Pathology  in  so  far  as  it  tends  to  throw  light  on  the  essential  nature 
of  many  forms  of  disease. 

Clinical  Observation  is  of  great  importance  in  the  study  of  patho- 
logy, and  that  in  various  ways.  It  is  the  processes  occurring  during 
life  that  are  the  real  subject  of  study  in  pathology,  and  it  is  only 
by  careful  clinical  observation  that  we  are  able  to  get,  as  it  were, 
into  close  relations  with  these  processes  during  their  actual  currency. 
Clinical  Observation  and  Pathological  Anatomy  should  thus  be  taken 
as  mutually  elucidating  each  other,  and  as  working  together  towards 
just  conceptions  as  to  the  nature  of  the  conditions  concerned. 

There  is  another  aspect  in  which  clinical  observation  is  of  import- 
ance in  relation  to  pathology.  The  pathologist,  if  conversant  only 
with  morbid  anatomy  and  experimental  pathology,  is  apt  to  form  a 
too  mechanical  and  simple  conception  of  the  processes  involved,  and 
is  likely  to  theorize  on  the  basis  of  a  too  limited  view  of  the  sub- 
ject. Clinical  Observation  is  a  needed  corrective  to  this,  bringing 
the  pathologist  back  to  the  practical  aspects  of  the  matter,  and 
checking  the  tendency  to  theorize  by  the  discipline  of  facts. 

In  the  systematic  treatment  of  the  various  forms  of  disease,  the 
plan  here  adopted  has  been  to  take  up  first  the  diseases  in  their 
general  aspects,  and  afterwards  the  diseases  of  the  special  organs 
and  systems.  This  work,  therefore,  divides  itself  naturally  into  a 
General  Part  and  a  Special  Part. 

In  the  General  Part  will  be  taken  up  those  diseases  which  are 
not  confined  to  any  organ  or  tissue :  most  of  them,  indeed,  may 
aifect  any  organ  of  the  body.  This  is  preceded  by  a  Section  on 
the  Nature,  Causation,  and  Terminations  of  Disease. 

In  the  Special  Part,  the  diseases  as  they  manifest  themselves  in 
the  individual  organs  and  tissues  are  considered.  It  is  clear  that 
the  diseases  described  in  the  General  Part  will  again  come  under 
review  in  each  division  of  the  Special  Part,  and  they  will  be  taken 
up  very  much  in  the  same  order  as  in  the  General  Part.  But  each 
disease  presents  various  specialities  according  to  its  locality,  and, 
from  a  practical  point  of  view,  it  is  important  to  understand  the 
modifications  thus  brought  about.  The  Special  Part  wiU  be  in  n 
certain  sense,  an  expansion  and  amplified  illustration  of  the  general 
principles  educed  in  the  General  Part. 


PART  FIRST. -GENERAL  DISEASES. 


SECTION  I. 


NATURE,  CAUSATION,  AND  TERMINATIONS  OF  DISEASE 

IN  GENERAL. 

Nature  of  Disease.  — Normal  activities  of  tissues  concerned  with  self-preservation  ; 
in  disease  their  efficiency  impaired.  Causatioa  of  Disease. — Action  of  ex- 
ternal forces  nearly  always  present,  but  powers  of  resistance  in  the  tissues 
an  important  element.  A.  Influence  of  external  forces :  I.  Direct  action 
of  (1)  the  physical  forces,  (2)  poisons,  (3)  infective  agents;  II.  Indirect 
action  in  producing  susceptibility  to  disease.  B.  Influence  of  internal 
conditions :  I.  Congenital  diseases  and  susceptibilities  ;  II.  Influence  of 
inheritance  (1)  on  racial  and  individual  characters;  (2)  on  anatomical  or 
morphological  and  phj'siological  abnormalities,  (3)  on  susceptibilities  and 
predispositions  to  disease,  (4)  on  the  constitution  of  the  body  as  a  whole 
and  its  individual  parts.  III.  Influence  of  age  and  sex.  Terminations  of 
Disease. — Recovery  implies  vis  medicatrix  natura.  Death  by  failure  of 
respiration  or  of  heart's  action. 

npATHOLOGY,  as  we  have  seen,  is  concerned  with  morbid  condi- 
tions,  taking  account  of  the  causes  of  disease,  the  alterations 
in  the  actions,  and  the  changes  in  the  structure  of  the  tissues 
nivolved.  This  implies  a  knowledge  of  the  condition  of  the  body 
m  health  and  a  comparison  between  the  healthy  and  morbid  states. 
In  this  preliminary  section  it  will  be  proper  to  lay  down  some 
general  principles  with  regard  to  the  difference  between  normal  and 
pathological  actions. 

In  our  conception  of  the  living  body  we  are  not  to  look  upon  it 
merely  as  a  M^hole,  but  also  in  its  finer  elements.     John  Hunter 
aid  It  down  as  one  of  his  most  important  primary  principles  that 
every  individual  particle  of  animal  matter  is  possessed  of  life,  and 
the  least  imaginable  part  is  as  much  alive  as  the  whole."  This 
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principle  of  John  Hunter's  may  be  regarded  as  the  basis  of  the 
modern  Cell  theory,  which,  in  the  hands  of  Goodsir,  Virchow,  and 
others,  has  been  applied  to  Pathology.  According  to  this  theory, 
the  tissues  of  the  body  contain  multitudes  of  quasi-independent 
bodies,  which  have  their  own  actions  and  their  own  life.  We  do 
not  properly  appreciate  any  action  of  the  body,  whether  normal  or 
pathological,  unless  we  take  into  account  the  finest  details  of  the 
tissues  and  have  regard  to  the  active  cell-life  which  goes  on  there. 

The  primary  actions  of  the  cells  will  be  found  to  be  remarkably 
similar  to  those  of  the  larger  structures  of  the  body  and  of  the  body 
as  a  whole.  Each  of  the  cells  is  engaged,  in  the  first  instance,  in 
self-preservation.  It  has  its  own  substance  to  preserve,  and  it  has 
also  in  many  cases  a  certain  portion  of  intercellular  substance  to 
look  after.  Its  first  duty  is  to  resist  any  disintegrating  action  and 
to  make  up  for  any  waste  which  may  occur  in  the  exercise  of  its 
ordinary  functions.  In  like  manner  the  body  as  a  whole  has,  for 
its  primary  action,  the  preservation  of  its  own  existence,  opposing 
its  resistance  to  forces  external  to  itself,  and  making  up  for  the 
ordinary  waste  of  life.  To  this  are  subservient  all  the  constant 
organic  functions,  digestion,  respiration,  circulation,  etc.  The  indi- 
vidual organs  of  the  body  have  also,  in  many  cases,  special 
arrangements  for  self-preservation,  which  come  into  play  when  any 
interference  from  without  incommodes  them  in  their  functions. 
Thus  resistance  to  forces  external  to  themselves  in  order  to  self- 
preservation  enters  into  the  primary  actions  of  all  living  animal 
structures.    This  may  be  illustrated  before  going  further. 

A  living  egg  consists  of  a  single  cell,  surrounded  by  a  mass  of 
nutritious  matter  destined  to  aff'ord  material  out  of  which  the  future 
animal  is  to  be  built  up.  But  the  egg,  by  virtue  of  the  livmg  pnn- 
ciple  in  it,  possesses,  as  John  Hunter  showed,  a  remarkable  power 
of  resisting  external  influences.  It  resists  the  influence  of  cold  and 
of  the  agents  of  putrefaction  to  a  degree  which  contrasts  very  strik- 
ingly with  an  egg  which  is  not  alive.  When  a  dead  egg  {e.g.,  one 
thtt  has  been  killed  by  previous  freezing)  is  placed  in  a  freezing 
mixture  its  temperature  soon  falls  to  32°  F.,  and  it  begins  to  swell 
and  congeal.  In  the  case  of  a  fresh  egg,  however,  the  temperature 
falls  to  m/  without  freezing,  and  it  takes  25  minutes  longer  than 
the  dead  one  to  freeze.  Before  freezing,  the  temperatui^  rises  to  3.  . 
Ac^ain,  all  through  the  process  of  hatching,  the  yolk,  and  what 
remains  of  the  albumen,  continue  perfectly  sweet;  but  ^'f 
be  in  the  nest  it  becomes  putrid  like  an  ordinary  piece  of  dead 
matter  under  similar  circumstances.     These  observations  of  John 
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Hunter  show  that  a  small  piece  of  living  matter  has  a  special  power 
of  resisting  the  influences  of  external  forces  such  as  dead  matter 
does  not  possess. 

The  body  as  a  whole  is  also  engaged  in  resisting  the  action  of  forces 
external  to  itself.  An  example  of  this  is  afforded  by  the  preservation 
of  the  bodily  temperature  in  warm-blooded  animals.  In  such  animals 
there  is  a  continuous  loss  of  heat  by  radiation  and  convection,  and  it  is 
an  important  function  of  the  body  to  compensate  for  the  loss.  Again, 
locomotion  and  even  the  retention  of  the  erect  posture  are  effected  by 
the  opposition  of  the  various  organs  of  locomotion  to  the  action  of 
gravitation.  The  resistance  to  this  force  involves  the  functions  of 
bones,  ligaments,  muscles,  and  nervous  system. 

In  the  actual  living  body,  then,  the  cells  are  engaged  in  preserving 
themselves  from  influences  which  may  exist  inside  the  body  but  are 
external  to  themselves, — the  regular  wear  and  tear  of  life, — and  the  body 
as  a  whole  is  similarly  engaged.  Health  is  preserved  so  long  as  the 
individual  elements  and  the  tissues  as  a  whole  are  completely  successful 
in  resisting  all  disturbing  influences,  so  long  as  they  preserve  themselves 
in  a  perfect  state.  In  that  case  all  the  functions  are  performed  with 
such  ease  that  they  do  not  obtrude  themselves  on  the  consciousness, 
and  the  body  as  a  whole  is  preserved  from  decay  and  injury.  On  the 
other  hand,  when  the  forces  external  to  the  body  as  a  whole  or  to 
its  individual  elements  successfully  obtrude  themselves  and  the  due 
eflftciency  of  the  living  structures  is  impaired,  then  we  have  a  state 
of  disease.  In  disease,  therefore,  we  have  to  take  into  account  the 
vital  activity  of  the  tissues,  chiefly  of  the  cellular  elements,  and  the 
alterations  wrought  by  forces  external  to  the  structures  concerned. 


CAUSATION  OF  DISEASE.  ETIOLOGY. 

The  actual  causation  of  particulai'  forms  of  disease  is  in  many  cases 
obscure,  because  of  the  limitations  of  our  present  knowledge,  Looking 
at  disease  as  a  whole  and  the  great  groups  into  which  the  morbid 
conditions  naturally  fall,  there  are  certain  general  facts  as  to  causation 
which  may  be  summarily  stated. 

As  disease  consists  in  inefficiency  of  the  elements  of  the  body  in 
pei-torming  their  normal  actions,  we  have  to  seek  for  the  causes  of 
this  itiefficiency  in  agents  or  conditions  which,  directly  or  indirectly, 
mterfere  with  the  integrity  of  the  living  structures.  The  most  obvious 
manner  ni  which  this  may  come  about  is  by  direct  interference,  by 
forces  external  to  the  body  or  to  its  individual  elements.    The  body 
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as  a  whole  is  exposed  to  injuries,  wounds,  bruises,  and  it  is  susceptible 
to  the  action  of  poisons  and  infections  of  various  sorts.  But  even 
in  this  very  elementary  statement  the  sugge.stion  at  once  occurs 
that,  if  we  regard  different  individuals,  and,  still  more,  if  we  regard 
diff'erent  parts  of  the  body,  the  eff'ects  of  such  agents  vary  greatly. 
Besides  the  direct  cause  of  the  disease  or  injury  there  is,  commonly, 
a  pre-existing  condition  which  renders  certain  structures  more  liable 
to  interference  than  others.  .  This  pre-existing  state,  which  may  be 
inherent  in  the  actual  structure  of  the  part,  or  may  be  an  acquired 
peculiarity,  may  be  designated  Susceptibility  or  Predisposition. 
An  illustration  may  give  reality  to  these  remarks. 

Perhaps  the  most  important  of  the  external  agents  causing  disease 
is  a  group  of  microscopic  organisms,  the  bacteria.  In  the  process 
of  self-preservation  the  elements  of  the  tissue  have  it  as  part  of 
their  function  to  resist  the  intrusion  of  these  microbes  or  of  the 
poisons  produced  by  them.  As  microbes  are  abundant  at  the  mucous 
and  cutaneous  surfaces  of  the  body,  these  surfaces  are  supplied  with 
continuous  layers  of  cells  whose  office  is  to  resist  the  intrusion  of 
the  deleterious  agents.  When  the  body  dies  these  begin  their  action 
on  the  tissues,  and  the  process  of  putrefaction  leads  to  the  disinte- 
gration of  the  tissue.  During  life,  however,  the  living  epithelial 
cells  restrain  their  action.  There  are  two  ways  in  which  this  resist- 
ance may  be  overcome.  On  the  one  hand  there  are  certain  kinds 
of  microbes  which  have  special  ability  to  overcome  the  resistance  of 
the  tissues,  and  on  the  other  hand  the  protecting  layer  of  cells  may 
be  removed  or  breached,  and  the  microbes  thus  admitted  to  more 
susceptible  structures,  that  is,  to  structures  less  able  to  resist.  Thus, 
to  give  an  example  of  the  one  form,  in  an  epidemic  of  cholera  the 
specific  microbe,  by  reason  of  its  inherent  powers,  obtains  a  footing 
in  persons  previously  healthy;  and  again,  on  the  other  hand,  wounds 
or  breaches  of  surface  are  serious  according  as  they  admit  the  microbes 
into  tissues  which  are  unprepared  to  resist  them.  It  must  be  recog- 
nized also  that,  in  relation  to  the  same  kind  of  microbe,  different 
persons  and  different  tissues  show  a  remarkable  variety  in  suscep- 
tibility. This  will  be  worked  out  more  fully  further  on,  but  here 
attention  may  be  called  to  it  by  way  of  illustration.  In  an  epidemic 
of  cholera,  for  example,  the  bulk  of  the  population  probably  escapes. 
Thus  in  the  great  epidemic  in  Hamburg  in  1892,  only  about  3  per 
cent  of  the  inhabitants  were  aff^ected,  although  a  much  larger  pro- 
portion must  have  been  exposed  to  the  infection.  Again,  the  microbe 
of  tuberculosis  is  an  exceedingly  prevalent  one,  and  it  doubtless  finds 
entrance  to  the  bodies  of  all  persons  living  in  communities.  J3ut 
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great  varieties  in  the  results  are  manifest.  In  some  persons  it 
obtains  no  footing,  whilst  in  others  it  settles  in  one  tissue  or  another, 
according  to  the  inherent  susceptibility  of  the  person  or  of  the  tissue. 

The  same  principles  might  be  illustrated  in  regard  to  the  ordinary 
mechanical  forces  and  their  influence  in  the  production  of  morbid 
conditions.  There  are  injuries  which  no  individual  or  tissue  can  resist, 
but  there  are  lesser  injuries  which  are  capable  of  producing  disease, 
according  to  the  person  alfected  or  according  to  the  tissue  which  has 
been  encountered. 

But  the  causation  of  disease  is  not  in  every  case  related  to  the 
forces  external  to  the  body  or  its  individual  parts,  although  the 
manifestations  of  disease  may  be  so  related.  It  has  been  shown 
above  that  there  are  inherent  susceptibilities  to  disease  and  injury, 
and  it  has  to  be  added  that  there  are  certain  forms  of  disease  whose 
causation  is  to  be  found  in  an  inherent  faulty  construction  or  tendency 
in  the  living  tissue.  Varying  susceptibility  is,  as  we  have  seen,  related 
to  differences  in  construction  and  tendency,  but  there  are  also  specific 
morbid  conditions  whose  causation  can  only  be  assigned  to  siich 
inherent,  and  frequently  inborn,  faults  of  structure,  growth,  or  func- 
tion. A  very  striking  example  of  this  is  the  disease  Hfemo^jhilia, 
in  which,  from  an  inherited  peculiarity,  the  blood-vessels  are  easily 
ruptured,  so  that  extensive  and  even  fatal  bleeding  may  occur  from 
a  trivial  injury.  A  further  example  may  be  afforded  by  the  case 
of  a  simple  tumour.  Thus  a  piece  of  adipose  tissue,  from  some 
inherent  perverse  tendency,  may  take  to  growing  and  may  produce 
a  tumour  of  huge  dimensions. 

In  considering  the  causation  of  disease,  then,  it  will  be  proper  to 
keep  in  mind  a  four-fold  division.  The  direct  cause  may  be  external 
or  internal,  and,  preceding  the  action  of  the  direct  cause  there  may 
be  a  susceptibility  or  predisposition,  which  again  may  have  its 
origin  in  external  circumstances  or  internal  construction  or  tend- 
encies. It  is  to  be  noted  that  such  susceptibility  or  pi-edisposition 
IS  to  some  particular  form  of  disease  and  not  to  disease  in  general. 
It  may  exist  in  a  person  who  is  otherwise  normal,  and  it  may  be 
present  throughout  life  without  the  person  having  been  exposed  to 
the  direct  cause,  which  is  necessary  to  the  production  of  the  disease. 

A.— Influence  of  External  Forces  in  the  Causation 

OF  Disease. 

External  mfluences  may  have  a  direct  or  an  indirect  influence  in  the 
causation  of  disease.    That  is  to  say,  they  may  act  directly  on  the 
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tissues  SO  as  to  bring  about  certain  phenomena  which  we  term  diseases, 
or  else  they  may  so  influence  the  tissues  as  to  increase  their  liability  or 
susceptibility  to  certain  diseases. 


I.— DIRECT  INFLUENCE  OF  EXTERNAL  FORCES. 

1.  The  physical  forces,  mechanical,  chemical,  thermal,  and  electric, 
often  directly  affect  the  tissues.    Their  eff"ect  is  to  damage  the  parts 
on  which  they  act.    The  mechanical  forces  cause  wounds,  bruises, 
fractures,  etc.  ;  the  chemical  forces  produce  disintegration  or  less 
severe  injury  to  the  tissues ;  excessive  heat  and  cold  kill  the  tissues, 
and,  acting  less  strongly,  do  a  certain  amount  of  damage.     In  all  these 
cases  the  immediate  effects  are  local  ones,  the  living  structures  acted 
upon  are  injured.     But  as  the  tissues  are  living  tissues,  certain 
phenomena  ensue  which  are  the  expression  of  the  physiological  pro- 
cesses, altered  by  the  damage  done  to  the  tissue.    We  have  a  series  of 
phenomena  generally  grouped  under  the  term  Inflammation,  which 
arise  more  or  less  directly  from  the  damage  done  to  the  living  struc- 
tures, and  more  particularly  to  the  blood-vessels.    The  phenomena  of 
inflammation  are  mainly  local,  having  their  seat  in  the  damaged 
part ;  they  are  the  expression  of  its  own  action.    To  some  extent 
these  phenomena  are  also  the  result  of  an  attempt  in  the  part  to 
recover  from  the  damage  inflicted,  or,  as  it  is  called,  of  a  reaction  of 
the  living  tissues  against  the  injury  done. 

But  even  in  the  case  of  purely  physical  causes,  the  phenomena  do 
not  always  remain  purely  local.    As  the  blood-vessels  of  the  injured 
part  are  in  communication  with  the  general  circulation,  the  products 
of  the  changes  occurring  in  the  tissues  may  be  carried  throughout  the 
body,  and  produce  changes  in  the  blood  and  tissues  as  a  whole.  An 
example  of  this  is  furnished  by  some  cases  of  extensive  burns  of 
the  skin.    The  blood  in  the  parts  exposed  to  the  excessive  heat  may 
be  damaged;  the  red  corpuscles  are  sometimes  killed.     The  dead 
corpuscles  are  disintegrated  and  their  products  are  carried  with  the 
general  circulation,  and  may  do  damage,  especially  while  in  the  process 
of  elimination  by  the  kidneys.     Again,  in  almost  all  inflammations  the 
fluid  of  the  blood  passes  out,  to  some  extent,  amongst  the  tissues  or  on 
to  surfaces.    In  these  situations  it  may  undergo  putrefactive  or  othei 
hanges   the  products  of  which  may  pass  back  into  the  blood  by  way 
of   he   ymphatics  or  veins,  and  so  be  carried  throughout  the  body^ 
The  resuk  of  this  is  a  different  series  of  phenomena,  included  undci  th 
term  lever  or  Pyrexia.    Hence  fever  is  a  frequent  accompaniment 
Lammation,  e'ven  when  the  latter  is  produced  by  physical  causes. 
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2.  Poisons,  in  the  ordinary  sense  of  the  word,  can  scarcely  be  said 
to  produce  diseases.  Some  of  them,  indeed,  are  chemical  agents,  such 
as  alkalies  and  acids,  which  act  locally  on  the  tissues,  and  produce 
inflammations  in  the  usual  way.  Others,  such  as  arsenic  and  cantha- 
rides,  produce  local  inflammations,  not  by  any  obvious  or  gross 
chemical  action,  but  by  some  more  intimate  influence  on  the  vitality 
of  the  structures.  These  two  agents,  like  many  other  poisons,  what- 
ever the  portal  by  which  they  find  entrance  to  the  body,  being  carried 
by  the  blood,  select  certain  localities  on  which  to  act.  Arsenic  acts  as 
an  irritant  on  the  mucous  membrane  of  the  stomach  and  intestines, 
producing  the  phenomena  of  inflammation  there ;  cantharides  acts 
similarly  on  the  kidneys  and  bladder.  Most  other  poisons  resemble 
these  two  in  respect  that  they  select  a  certain  locality  for  their  action, 
and  that  they  produce  their  effects  by  some  intimate  influence  on  the 
vital  processes  of  the  living  tissues,  this  influence  probably  having  to 
do  with  the  finer  chemical  processes  concerned  in  the  vital  phenomena. 
In  the  case  of  most  poisons,  the  nervous  system  is  more  or  less  affected, 
many  of  them  haviiig  special  kinds  of  actions,  and  some  of  them  select- 
ing special  parts  of  the  nervous  system.  Thus,  strychnia  acts  as  an 
irritant  upon  the  motor  centres  of  the  cord  and  medulla  oblongata. 
The  term  Intoxication  (which  literally  means  poisoning)  is  used  to 
designate  the  effects  produced  on  the  body  generally  and  more  particu- 
larly on  the  nervous  system  by  poisons. 

AVhilst  the  phenomena  produced  by  poisons  introduced  from  without 
can  scarcely  be  regarded  as  diseases,  the  same  does  not  apply  to 
poisons  produced  in  the  body  itself  Most  of  the  disease-producing 
microbes  bring  about  their  eifects  by  means  of  poisons,  and  Intoxica- 
tion is  an  almost  constant  effect  of  diseases  so  produced.  In  some 
cases  there  is  absorption  of  poisons  from  the  contents  of  the  alimentary 
canal,  in  which  case  the  term  Auto-intoxication  is  used.  Again, 
the  metabolism  of  the  tissues  may  be  associated  with  the  evolution  of 
poisonous  products,  in  Avhich  case  also  the  term  Auto-intoxication  is 
applicable.  The  toxines  so  produced,  like  ordinary  poisons,  have,  in 
their  action,  affinities  for  special  localities  of  the  body. 

3.  Infective  agents  stand  in  a  totally  different  position  from  ordi 
nary  poisons.  The  term  is  used  in  relation  to  agents,  which,  when 
introduced  into  the  body,  increase  by  self-multiplication,  and  produce 
efiects  altogether  disproportionate  to  their  original  amount.  They  may 
be  introduced  in  exceedingly  minute  quantities,  but  they  may  have  very 
severe  effects,  resulting  even  in  death. 

These  agents  owe  their  special  characters  to  the  fact  that  they  consist 
o     le  iving  cells  of  minute  microscopic  organisms.    Most  of  them 
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belong  to  a  great  division  of  the  vegetable  kingdom,  and  are  grouped 
under  the  general  terms  Germs,  Bacteria,  Micro-organisms,  and 
Microbes.  In  a  few  cases,  and  especially  in  malarial  fevers,  minute 
animal  organisms  have  been  discovered.  These  minute  organisms, 
whether  vegetable  or  animal,  propagate  chiefly  by  simple  division  of 
their  cells,  and  do  so  generally  with  great  rapidity,  so  that  they 
multiply  very  greatly  in  a  limited  time.  They  do  not  usually  produce 
their  effects  directly,  but  by  means  of  poisons  eliminated  by  them  in 
the  course  of  their  vital  processes. 

Some  of  the  microbes  produce  in  the  first  instance  purely  local 
effects,  these  effects  having  as  a  rule  the  characters  of  inflammations, 
sometimes  with  special  characters  which  serve  to  distinguish  the  various 
kinds  of  agents.  Thus  syphilis  and  tuberculosis  always  begin  by  the 
local  application  of  the  morbid  poison,  and  their  primary  phenomena 
are  inflammations  more  or  less  modified.  But  even  those  which  have  a 
primary  local  seat  very  readily  extend  their  influence  beyond  it  to  the 
circulating  blood,  while  many  forms  appear  to  have  no  primary  local 
seat,  but  immediately  pass  into  the  blood.  It  is  so  with  typhus  fever, 
yellow  fever,  scarlet  fever,  and  others.  This  extension  to  the  blood 
may  be  of  the  infective  agents  themselves,  the  bacteria  propagating 
into  the  blood  and  multiplying  there,  or  it  may  be  a  mere  filtration  of 
the  poisonous  products  of  the  microbes,  the  latter  remaining  local. 
Thus  tuberculosis  may  remain  entirely  local,  and  yet  fever  is  a  nearly 
constant  result  from  the  toxine  passing  into  the  blood.  Indeed  there 
are  some  forms  which  apparently  never  pass  beyond  their  local  seats 
and  yet  produce  general  phenomena.  Thus  the  microbe  of  cholera 
appears  to  confine  itself  to  the  intestinal  canal,  but  its  products  are 
absorbed  and  produce  effects  upon  the  nervous  system  and  otherwise. 

The  term  Infective  Disease  is  applied  to  affections  of  this  class 
with  reference  to  the  fact  that  the  disease  is  communicated  by 
infection,  that  is  to  say  by  the  application  of  such  agents  as  those 
referred  to  above.  The  term  Contagium  or  Contagium  vivum  is 
frequently  used  in  a  sense  equivalent  to  infective  agent.  The  mode  of 
extension  of  this  class  of  diseases  amongst  the  community  is  somewhat 
various,  and  in  some  cases  difficult  to  determine.  There  are  many  m 
which  the  disease  is  simply  passed  from  person  to  person,  either  directly 
or  by  clothing,  excreta,  or  othervvise.  Such  diseases  are  called  dis- 
tinctively Infectious  or  Contagious. 

But  the  mode  of  extension  is  in  many  instances  not  so  simple  as  this 
There  are  some  infective  agents  which  appear  to  reside  in  special 
localities,  being  apparently  fostered  by  the  «P«-f 
temperature,  moisture,  and  other  factors  m  these  localities.    In  ordei 
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to  acquire  such  affections  a  person  must  visit  the  locality,  and  the 
morbid  poison  must,  as  it  were,  rise  from  the  ground  or  proceed  from 
its  local  habitation  and  pass  into  his  body.  The  term  Miasma  was 
applied  to  such  an  infective  agent,  and  the  diseases  were  called  mias- 
matic.   The  most  typical  instance  of  a  miasmatic  disease  was  malaria. 

To  the  class  of  disease  here  under  consideration  the  terms  epidemic 
and  endemic  are  frequently  applied.  A  disease  is  epidemic  when  it 
occurs  in  large  numbers  within  a  limited  time.  The  occurrence  of  an 
epidemic  implies  the  introduction  in  considerable  quantity  of  an 
infective  agent,  and  in  such  a  case  the  disease  will  mostly  be  infectious. 
On  the  other  hand,  a  disease  is  endemic  when  it  is  habitually  pre- 
valent in  a  particular  locality.  In  that  case  the  disease  is  most  likely 
to  be  miasmatic  in  its  origin. 

II.— INFLUENCE  OF  EXTERNAL  CIRCUMSTANCES  IN  PRODUCING 
SUSCEPTIBILITY  TO  DISEASE. 

External  circumstances  doubtless  produce  definite  effects  on  the 
living  body,  but  these  effects  are  frequently  ver}^  difficult  to  determine. 
Climate,  temperature,  condition  of  the  atmosphere  as  regards  pressure,, 
moisture  or  purity,  the  character  of  the  soil,  the  dwellings,  the  food  and 
driidt,  the  clothing,  the  occupations  of  men,  all  have  influence  on  their 
susceptibility  to  disease.  The  geographical  distribution  of  disease  and 
the  effects  of  occupations  have  been  made  especially  the  subject  of 
observations,  but  a  more  particular  examination  of  these  points  scarcely 
lies  within  our  province. 

External   circumstances  will   affect  the  living  tissues  chiefly  by 
rendering  them  less  vigorous  in  their  resistance  to  influences  calculated 
to  produce  disease.    As  an  illustration  of  this  we  may  cite  the  effect  of 
exposure  to  cold  in  the  causation  of  disease.    It  is  an  admitted  fact 
that  exposure  to  cold,  especially  when  the  body  is  fatigued  and  the 
general  vitality  lowered,  is  frequently  followed  by  attacks  of  disease. 
But  the  exposure  can  scarcely  be  the  cause  of  the  disease,  as  it 
produces  in  different  persons  most  diverse  results.     Thus  a  similar 
exposure  will  lead  in  one  person  to  acute  catarrh  of  the  air-passages,  in 
another  to  acute  rheumatism,  in  a  third  to  acute  inflammation  of  the 
kKlneys,  in  another  to  diarrhoea,  and  so  forth.    It  is  clear  that  the 
effect  of  the  exposure  is,  in  most  cases  by  reflex  nervous  influences,  to 
render  some  part  unduly  susceptible  to  the  exciting  cause  of  disease, 
the  focahty  which  is  thus  rendered  susceptible  being  determined  often 
jy  the  mdividual  characteristics  of  the  person.    In  many  cases  the 
clisease,  indeed,  is  due  to  an  infective  agent,  which  is  able  to  make  good 
entrance  when  the  structures  are  weakened.    In  what  is  specifically 
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designated  a  common  cold,  the  exposure  to  a  low  temperature  is  merely 
one  of  the  predisposing  conditions.  Colds  frequently  arise  without  any 
such  exposure.  The  fact  that  such  colds  are  often  obviously  infectious 
is  an  indication  that  they  are  due  to  infective  agents,  which  latter 
must  be  very  prevalent  in  the  community. 

Occupations  will  influence  the  production  of  disease  according  as 
they  tend  to  weaken  particular  tissues.  Employments  which  imply 
severe  muscular  exertion,  for  instance,  cause  considerable  strain  on 
the  vascular  system,  as  every  strong  muscular  effort  is  accompanied 
by  a  closure  of  the  glottis,  with  suspension  of  the  respiratory  move-, 
ments,  and  a  rise  in  the  blood-pressure.  Such  efforts  frequently 
repeated  will  render  the  heart  and  large  vessels  peculiarly  susceptible 
to  disease.  Hence  we  find  that  affections  of  the  heart  and  arteries, 
more  especially  aneurysm,  are  much  more  common  in  men  than  in 
women,  and  in  men  who  are  engaged  in  occupations  which  require 
strong  and  sustained  muscular  exertion,  such  as  blacksmiths,  engineers, 
sailors,  etc.  Again,  the  frequent  inspiration  of  impure  air,  while  it 
leads  to  a  general  weakness  of  the  body,  produces  a  special  suscepti- 
bility to  disease  in  the  lungs.  Again,  those  exposed  to  extremes  of 
atmospheric  pressure  are  liable  to  suffer  from  a  peculiar  train  of 
symptoms.  Divers  and  men  working  in  caissons  employed  in  bridge 
building  shew  the  effects  of  increased  atmospheric  pressure,  while 
balloonists  shew  those  of  decreased  pressure. 

B.— Influence  of  Internal  Conditions  on  the  Causation 

OF  Disease. 

From  what  has  gone  before  it  will  appear  that  the  condition  of  the 
tissues  forms  frequently  a  strong  predisposing  element  in  the  causation 
of  disease.  It  will  also  appear,  however,  that  there  are  certam 
conditions  of  the  tissues  which  in  themselves  are  counted  diseases, 
and  which  arise  without  any  apparent  external  cause  haying  acted : 
thev  are  in  this  sense  spontaneous,  although  this  expression,  as  well 
as  the  synonymous  one  idiopathic,  merely  indicates  that  the  cause  is 

Looking  at  the  tissues  as  living,  we  recognize  that  ii.  their  activity 
they  are  capable  of  morbid  change  in  the  direction  of  defect  on  the  one 
hand  and  excess  on  the  other.    External  causes  may  l^-J-l^^^^- 
of  these  morbid  changes,  damaging  the  tissues  on  tbe    -  b..Kl 
stimulating  them  to  undue  activity  on  the  other.    But  the  m  sue 
in  themselves  may  be  primarily  defective  or  ^^--^'^ ^j^^^^ 
ao  either  in  actual  structure  or  in  their  tendencies  and 
It  will  be  proper  to  consider  several  different  kinds  of  influence. 
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I.— CONGENITAL  DISEASES  AND  SUSCEPTIBILITIES. 

A  condition  is  congenital  when  the  person  is  bom  with  it.  There 
are  some  diseases  which  are  manifestly  present  at  birth,  for  the 
causation  of  which  it  is  necessary  to  go  back  to  the  period  of  life  in 
utero.  Some  of  these  are  obviously  due  to  the  action  of  external  forces, 
mechanical  or  other,  but  there  are  others  in  which  the  causation  is 
quite  obscure.  Among  those  whose  cause  is  clear  may  be  cited 
congenital  syphilis,  which  is  always  a  manifestation  of  hereditary 
Syphilis.  In  this  case  a  morbid  poison  is  propagated  from  the  jjarent 
to  the  offspring,  and  acts  on  the  latter  while  still  unborn. 

Many  of  the  congenital  diseases  consist  in  Malformations  of  the 
body  as  a  whole  or  in  part.  These  occur  during  the  course  of 
development  and  growth  of  the  body,  and  consist  in  errors  of  excess 
or  defect  in  the  formation  or  disposition  of  the  tissues.  Some  of 
them  can,  without  difficulty,  be  traced  to  the  action  of  external  forces 
on  the  foetus.  For  example,  a  limb  or  part  of  one  may  be  amputated 
in  the  uterus,  and  the  person  may  be  born  with  a  corresponding  defect, 
perhaps  partly  remedied  by  subsequent  growth  of  the  injured  part. 
There  are  probably  many  congenital  defects,  which,  if  they  could  be 
traced  back  to  their  origin,  would  be  found  due  to  mechanical  inter- 
ference, but  it  is  only  in  regard  to  a  few  of  them  that  this  can  as  yet  be 
done.  Such  mechanical  interference  may  be  due  to  inflammation,  pro- 
ducing adhesion  of  parts,  and  thus  hindering  their  due  expansion.  It 
seems  probable  that  inflammations  play  a  considerable  part  in  the 
causation  of  diseases  in  the  uterus,  and  these  inflammations  will  be 
due  to  the  action  of  external  forces  just  as  are  those  of  extra-uterine 
life. 

With  regard  to  congenital  susceptibilities,  these,  again,  may  be 
divided  into  those  tending  towards  defect  on  the  one  hand  and  excess 
on  the  other.  Persons  are  born,  it  may  be,  with  certain  of  their  tissues 
unduly  weak  and  tending  to  decay.  These  tissues  may  give  way  and 
become  the  seat  of  disease  as  a  result  of  the  action  of  causes  which  in 

^certa^^■7'l^^^r'  "°  ^^^^  ^^^^^^^        ^-^^y         ^e  that  at 

withatenT  '       '^PP^'"^  P'^ople  mav  be  born 

ti^sls     tT'^  '''''''  S™^^^  °f  ^^rfc-i'^  parts  of  their 

obscure  but  "^"'^^'"^'^  Tumours  or  Morbid  growths  is  very 
such  as 'soft  wlrtsT/  T       ^'"'^  congenital  conditions, 

tumours  in  later  li^  w'  """"        ^"frequently  the  starting  points  of 
J"e.    We  may  also  infer  that  conditions  equally  con- 
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genital,  but  situated  so  as  not  to  be  visible,  may  be  the  starting  point 
of  other  tumours,  the  svxsceptibility  to  which  has  existed  from  the 
beginning  of  life. 

It  will  appear  from  what  has  gone  before  that  congenital  diseases 
are  due  to  a  variety  of  causes,  and  that  they  owe  comparatively  little 
to  inheritance.  All  that  the  term  means  is  that  the  child  comes  into 
the  world  with  the  disease  existent.  Congenital  susceptibility,  on  the 
other  hand,  will  be  for  the  most  part  due  to  inheritance. 


11. -INFLUENCE  OF  INHERITANCE  IN  THE  CAUSATION  OF 

DISEASE. 

At  the  outset  it  is  necessary  to  distinguish  two  very  different  classes 
in  relation  to  the  inheritance  of  disease. 

Hereditary  Diseases.— The  term  hereditary  disease  is  usually  apphed 
to  cases  in  which  a  definite  morbid  condition  is  transmitted  from  parent 
to  offspring    The  commonest  case  of  the  kind  is  Hereditary  Syphibs 
Here  a  morbid  poison,  presumably  related  to  a  form  of  microbe,  is 
transmitted  by  the  parent  to  the  offspring.     It  is  a  case  m  which  an 
external  force  acting  on  the  parent  is  directly  passed  on  to  the  off- 
spring, and  becomes  active  in  the  latter  as  it  has  been  m  the  former 
Many  of  the  acute  fevers  have  been  similarly  transmitted  to  the  child 
in  iLro,  the  foetus  either  passing  through  the  fever  successfully  _  or 
dvinc  from  it.     Thus  small-pox,  intermittent  fever,  measles  relapsing 
fevei^  may  be  communicated  to  the  child  in  uUro.    Children  have  been 
bon  'wit^  the  eruption  of  small-pox  or  its  cicatrices  visible  on  their 
skins  ,;  others  have  presented  the  large  spleens  and  cachectic  appearances 

"obvious  that  in  all  these  cases  the  hereditary  form  of  the  disease 
doe  no  differ  essentially  in  its  causation  from  the  ordinary  foi^s 
uoes  nut  ui  J       ^^Vipritance  is  in  no  sense  a  cause,  but 

tue  same  ^^^J^^l  We  n,ay  fte,.fo™  e„tire,y 
lllL  *is        ~l  considering  the  inSuence  of  inheritance 

''I;Tefo"  h*  disease  in  this  sense  are  congenital.  ,™. 

Most  cases  oi  j  syphilis,  for  instance,  the 

ZriXs  occur  which  are  due  to  ^ere^tary  tra,.^^^ 
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1.  The  General  Principles  of  Inheritance. — In  order  to  determine 
the  domain  of  inheritance  in  the  cansation  of  disease,  it  is  necessary 
first  to  consider  the  natnre  of  its  influence  in  the  normal  anatomical 
and  physiological  conditions  of  our  bodies.  The  facts  and  theories 
are,  or  ought  to  be,  familiar  to  every  student  of  Ijiology,  so  that 
it  is  unnecessary  here  to  pass  these  in  review.  Looking  broadly  at 
the  subject  it  may  be  said  that  the  whole  bodily  conformation  of 
the  animal  is  dependent  on  inheritance.  It  is  by  inheritance  that 
human  beings  belong  to  the  Vertebrata,  to  the  Mammalia,  and  to 
the  genus  and  species  Homo.  It  is  also  by  inheritance  that  the 
more  minute  peculiarities  of  races,  families,  and  individuals  are  pro- 
duced. This  matter  is  illustrated  and  elucidated  in  the  observations 
which  follow. 

Race  the  Result  of  Inheritance— We  see  the  influence  of  inheritance  not  only 
in  the  fact  that  human  parents  produce  human  offspring,  but  also  in  that  the 
offspring  conform  to  the  race  of  the  parents.  It  is  important  in  connection  with 
what  follows  to  consider  what  constitute  the  differences  of  the  races  of  men. 
There  is  more  or  less  pigment  in  the  deeper  layers  of  the  epidermis;  the  hair, 
m  transverse  section,  is  circular  or  oval  in  outline,  or  more  or  less  oval ;  the 
nasal  bones  are  articulated  at  different  angles,  the  lower  jaw  is  more  or  less 
massive;  the  shape  and  details  of  the  bones  of  the  skull  are  various;  the  eyes 
are  horizontal  or  are  directed  upwards  at  their  outer  extremities;  and  so  on 
It  IS  these  differences  in  structure  that  make  the  chief  distinctions  of  race,  and 
It  we  compare  two  such  dissimilar  races  as  the  negro  and  the  Englishman,  we 
shall  see  that  the  difference  lies  in  a  multitude  of  details,  each  of  which  if 
taken  apart  ^^ft  seern  trivial.  And  yet  the  fertilized  ovum  inherits  the  power 
of  modelling  the  bodily  frame  down  to  these  minute  details 

whfchlfr  ^''"^^  °'  Inheritance.-But,  besides  the  characters, 

which  dis  ingmsh  men  as  men,  and  the  men  of  one  race  from  those  of  another 
we  know  that  men  are  disting:ulshe<i  from  each  other  individually.     When  we 
consider  the  general  likeness  of  the  men  of  one  race  to  each  other   it  seem 
marvellous  that,  among  the  multitudes  with  whom  we  come  in  c;ntact  we 

make  Vthe  ;hole  ^"^^^  peculiarities,  which, 

our  meLlZlT  f  1       -     7^  ^consciously  blend  the  whole  of  them  in. 

when  we  chanJthe  .  .  f  *°  ^e  readjusted,  as- 

mouth  is  altered  by  the  0!^'.   1   '"^'^  °'        ^^^^  ^ 

graphs.    In  them  we  t  ^'^^'^^^"^^  fact  of  the  insufficiency  of  photo- 

absence  of  this  one  i      T-  """T  and  the. 

destroying  the  likeness  ^^^"^  °^  almost,, 

It  need  hardly  be  said  +1,  f        .  . 
man  and  man  are  dup  t       t,  ^^^^^^  °f  difference  between 

these  already  inherent  in  V°  f'*''°''^"  ^'''^'^  ''''''^^'^  ^'^^^ 

It,  and  the  various  minute  points  of  difference  are  but 
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repetitions  variously  compounded  of  points  in  its  progenitors.    We  are  so  accus- 
tomed to  look  for  resemblances  between  children  and  parents  that  we  are  apt  to 
forget  what  these  imply.    It  is  a  particular  colour  of  the  iris,  a  special  tone  m 
the  voice,  a  trick  of  manner,  such  as  a  twitching  of  the  upper  eyelid,  or  a  way 
of  fidgeting  with  the  hand,  which  recalls  the  parent  or  grandparent.  These 
minute  points  of  resemblance  become  the  more  remarkable  when  we  remember 
that  they  are  all  inherent  in  the  fertilized  ovum.    Without  any  external  assist- 
ance it  goes  on  modelling  the  tissues  and  endowing  them  with  their  functions 
according  to  a  prearranged  pattern,  and  this  power  continues  throughout  life; 
so  that  it  often  happens  that,  on  to  middle  life  or  old  age,  points  of-  resem- 
blance come  out  which  had  not  been  previously  visible.    It  is  as  if  the  mother 
and  father  transmitted  to  the  ovum  certain  forces  inherent  in  themselves  and 
derived  from  their  ancestors.     These  forces  will  be  variously  proportioned  in 
each  case,  and  the  product  will  be  a  very  complex  one.    It      quite  impossible 
to  tell  how,  in  any  particular  case,  these  forces  are  mmgled,  but  we  can  often 
identify  the  individual  items  as  coming  from  this  or  that  parent. 

A  hfghly  important  illustration  of  the  truth  of  what  has  been  adduced  . 
afforded  by  the  facts  connected  with  Twins.  We  have  seen  that  each  ovum 
Ihich  leaves  the  ovary  and  becomes  fertilized  is  thereby  endowed  with  the 
^r  et  wh  ch  mould  it  into  the  future  human  being.  These  forces  seem  various  y 
dis  rTbuted  in  the  ova  and  the  spermatozoa,  so  that  each  ovum  has  them  m 
tch  varying  proportions  that  even  the  brothers  and  sisters  of  the  same  family 
ar    often  very  different.     But  if  a  single  fertilized  ovum  produces  two  embryoes 

they  are  derived  from  separate  '^'^  ''^^^J'^e^ol  closely  than  the  ordinary 
and  they  will  -^jtm^^^^^^^^ 

brothers  and  sister  °^ J  J^;^^^^^^  mnsU.tion  of  the  life-history  of  twins, 
have  a  collection  of  interesting  tacts  ^^^^  ^^^^^^^ 

He  gives  many  --^'^^'^'^l^}''^.^ ^^ZZ^  the  "Comedy  of  Errors" 
of  close  likeness,  from  wh.ch  ^  ^^  ^^J^^^^^^^  ,,,,,  ^.^ted  throughout  life, 
is  scarcely  a  burlesque.    The  lesemoian  j  thought,  and,  indeed, 

„a  extended  .0  •■'y-^  »~Ive  de—i™  pLi  .h.t  in  .he 
to  their  illnesses.    From  these  fiiets  we  n»v.  sttuctnr. 

tenilized  ovum  we  have  ,1"  kTL  af.e,..i,e.    It  will 

inheritance  of  Structural  and  P^y->^f  ^j,,^^"^""::^, 
From  what  ha.  gone  before  we  have  ™""'^„i„g  to  „,„,, 

local  structure  are  the  usual  subjects  of  "*  ■^""^.^^^ 
considerable  differences  in  structure,  such  as  constitute 
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definite  divergences  from  the  normal,  it  is  not  surprising  to  find  that 
they  also  are  inherited. 

A  common  structural  peculiarity  is  webbing  of  the  fingers  or  toes, 
and  this  comparatively  slight  divergence  is  very  distinctly  matter  of 
inheritance.  The  author  knows  of  a  case  in  which  the  second  and 
third  toes  of  both  feet  are  imperfectly  separated,  so  that,  although  the 
bones  are  complete,  the  toes  are  united  nearly  to  their  tips  by  webs  of 
skin.  This  peculiarity  was  by  a  man  transmitted  to  his  son,  who  died 
in  boyhood,  to  a  grandson,  the  child  of  one  of  his  daughters,  and, 
although  in  a  diminishing  degree,  to  several  great-grandchildren. 
Sedgwick,  in  his  very  elaborate  series  of  papers  in  the  Medico- 
Chimrgical  Review  for  1861  and  1863,  adduces  many  cases  of  inherit- 
ance of  supernumerary  digits,  crooked  fingers,  cleft  iris,  squinting, 
etc.  He  gives,  for  instancCj  a  case  in  which  a  supernumerary  finger 
was  attached  to  the  outer  side  of  the  first  phalanx  of  the  little 
finger.  The  deformity  had  occurred  for  five  generations,  and  the 
person  under  observation  was  the  fourth  child  of  a  family,  all  of 
whom  except  the  second  were  born  with  this  deformity. 

There  is, also  the  well-established  inheritance  of  Ichthyosis,  the  most 
striking  instance  of  which  is  that  shown  by  the  family  of  Lamberts, 
the  so-called  "Porcupine  family,"  adduced  by  Darwin  in  his  "Animals 
and  Plants  under  Domestication."  In  the  original  Lambert  the  sMn 
was  covered  by  warty  projections  which  were  periodically  moulted. 
He  had  six  sons  and  two  grandsons  similarly  affected,  and  it  is 
remarkable  that  the  inheritance  was  confined  to  the  male  sex,  the 
two  grandsons  having  seven  sisters  who  were  free  from  the  malady. 
A  still  more  striking  instance  of  the  inheritance  of  ichthyosis  is 
related  by  Sedgwick.  The  disease  was  observed  in  a  boy  fourteen 
years  of  age,  and  on  tracing  his  family  history  it  was  found  that  he 
derived  it  from  his  grandfather.  This  man  had  been  affected  with 
the  disease,  and  it  is  a  striking  example  of  atavism  or  latency  in 
one  generation  that  none  of  his  children  showed  the  disease,  although 
there  were  three  sons  and  three  daughters,  while  of  seven  grand- 
children (five  males  and  two  females)  four  of  the  males  were  affected 
and  none  of  the  females.  The  affected  males  were  the  children  of 
daughters  of  the  original  case. 

strn.T°f °'  l^«^«^°^^hagic  diathesis  depends  on  an  unknown 
bleedin  the  blood  or  vessels,  by  virtue  of  which 

difficultv  '^tI!-  """"^  ^^'"'^  P^^'^^       't^PP^f^  ^^th 

so  in  th         r  ^°"^^t^°"         the  highest  degree  inherited,  and  it  is 

mention'ed^'aW  ^T""  ^"^^^^^^^^  ^y  Sedgwick's  cases  of  Ichthyosis 
VI..    Many  cases  have  been  traced  in  their  connections, 
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and  it  appears  that  it  is  never  directly  transmitted.  It  occurs  almost 
alone  in  the  male  sex,  and  a  person  affected  does  not  transmit  it 
to  his  own  sons  l)ut  to  those  of  his  daughters.  It  always  in  this  way 
misses  a  generation,  and  appears  in  the  grandsons  of  the  person  trans- 
mitting. ,     .  T      ■     1  1 

Daltonism  or  Colour-blindness  is  also  demonstrably  uiherited,  and 
it  is  usually  transmitted  in  the  same  peculiar  fashion  as  hsemophilia. 
In  nine-tenths  of  the  cases  Daltonism  occurs  in  the  male  sex,  and  it 
is  usually  transmitted  to  the  grandsons  of  the  original  case  through 
his  daughters.    (Sedgmck,  Wickham  Legg.)  _ 

Diabetes  insipidus  is  another  condition  which  is  apparent  y  in- 
herited in  a  remarkable  degree.  In  this  affection  the  person  drinks 
excessively  and  passes  a  large  excess  of  urine.  We  may  P----% 
infer  that  the  kidneys  are  unduly  large,  and  we  know  that  the 
bladder  is  unusually  capacious.  This  was  proved  m  a  case  recorded 
by  Dr.  Finlayson,  and  was  also  determined  by  Weil  m  the  cases  to 
be  presently  mentioned. 

n     V,        .m-rlpri  cases  showing  that  this  condition  is  hereditary,  and  Weil 

logical  history  ot  the  fanaily.    He  ^^^^^^ZL  living  at  the  time  of  the  obser- 
Ihrough  four  generations,  seventy  of  ^^^^JX  e  seventy  cases.     The  disease 
.  vation.     He  personally  --f  f^^^^^^^^  °   th  v^  z  was  the  con^nron 

.vas  traced  to  a  man  called  Johann  Peter  be  descendants  were 

ancestor  of  the  family,  and  was  boin  in  the  year  ^JJ  ^^^^^^^^^^  ^11 

ave  Children,  -e--^-  —  certainly  diabetic, 

ninety-one  persons.    Of  these  no  le  altogether,  there  remam 

and  thirteen  doubtfully  so.    Om.t^m^^^  ^^^^^^^^^^  ^^^^^ 

seventy-eight  persons  of  ^^^^o^^.  tj^^^^  .     consistent  with  good  health. 

According  to  Weil  this  condition        J^^^^^^^^^^^^  The  original 

They  were  evidently  prohfic  enough  and  ^  ^^^^ 

^.^^^  -  of  observation,  being 

lelp^cUvely  'seventy-six  and  sixty-seven  years  of  age. 

;r^i::;^si::.:^^  or  function a.  ^^^^^^^^^ 

I  now  remains  to  show  on  ^^JZ^^ce,  and  that  the 
bilities  to  disease  are  f  °  I^^*^"';'  d,„end  on  peculiarities, 

varying  susceptibilities  of  difleren  ^  fj^^,^  ^  but 

.Bch^cannot  be,  perhaps  ^TaT  ^"^^^ 
vhich  frequently   coexist   at  least 


wl 
wl 

structure. 
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3.  Inheritance  of  Susceptibilities  or  Predispositions  to  Disease. — 

We  have  seen  that  certain  forms  of  disease  are  due  to  the  action  of 
infective  agents,  which,  obtaining  an  entrance  into  the  body,  multiply 
there  and  give  rise  to  certain  phenomena.  It  is  matter  of  frequent 
observation  that  different  persons  are  very  variously  susceptible  to 
diseases  of  this  class,  and  it  is  a  notable  fact  that  inheritance  plays 
an  important  part  in  determining  the  varying  degrees  of  susceptibility. 

Race  is  an  important  factor  in  determining  the  susceptibility  to  this 
class  of  diseases. 

Amongst  the  diseases  due  to  pathogenic  microbes  perhaps  the  most  widespread 
in  the  animal  kingdom  is  anthrax,  which  is  produced  by  the  bacillus  anthracis. 
The  most  marked  differences  are  observable  amongst  different  species  of  animals 
to  the  attacks  of  this  microbe,  from  immunity  in  the  frog  to  extreme  susceptibility 
in  the  mouse  and  guinea-pig.  But  a  similar  difference  exists  amongst  the  races 
of  animals  belonging  to  the  same  species.  Thus  white  rats  are  extraordinarily 
insusceptible  as  compared  with  common  rats.  A  similar  but  less  extreme  difference 
is  noted  by  Chauveau  in  the  susceptibility  of  sheep.  It  is  much  more  difficult 
to  produce  anthrax  in  Algerian  sheep  than  in  ordinary  breeds,  a  larger  dose 
being  required.  The  racial  peculiarities  of  this  breed  determine  a  striking  differ- 
ence in  susceptibility.  Pasteur  found  a  similar  difference  in  relation  to  the  poison 
of  chicken  cholera  amongst  the  different  breeds  of  fowls.  Ordinary  fowls  are 
highly  susceptible,  but  those  of  the  Cochin  China  breed  are  so  to  a  very  minor 
degree. 

In  man  similar  racial  differences  of  susceptibility  are  observable.  In  a  certain 
sense  the  "plague  of  lice"  is  a  serious  disease,  and  it  is  highly  infectious. 
According  to  Murray  (quoted  by  Darwin)  the  different  races  of  men  present  great 
differences  in  the  species  of  pediculi  which  infest  them,  and  when  the  parasites 
habitual  to  one  race  stray  on  to  the  bodies  of  persons  of  a  different  one  they 
generally  survive  only  a  few  days.  A  structural  or  physiological  peculiarity  of 
the  skm  connected  with  the  differences  of  race  determines  the  susceptibility  to 
the  attacks  of  the  parasite. 

Race  has  much  to  do  with  the  susceptibility  to  Yellow  fever.  There 
IS  abundant  evidence  that  negroes  are  almost  entirely  insusceptible 
to  this  disease,  which  is  so  virulent  in  white  men.  The  immunity  of 
the  „egro  is  not  due  to  his  having  lived  for  generations  in  countries 
Where  yellow  fever  prevails,  because  it  is  manifest  when  negroes  are 
brought  from  parts  of  Africa  where  yellow  fever  is  unknown  The 
7ZZ      ''''''"^'^'^''y  to  persons  partly  of  negro  descent, 

fn  ir\r''''  P'"P°^^^«"  ^«  of  the  negro  in  their  consti- 

Malarial  r^"''.'''""  ^^'"^  *°  ^""^^  considerably  less  susceptibility  to 
malanal  fevers  than  the  white  races.  , 

to  ne2ts°*^N  '''^"'^'^  exclusively  confined 

Europeans'  ^^^"^^  ^""'^  ^^^''^  "^^re  susceptible  to  Small-pox  than 
Thev  nr.  ni'"  generally  attacks  them  in  a  more  virulent  form, 
iney  are  also  more  susceptible  to  Cholera. 
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We  may  infer,  therefore,  that  along  with  differences  of  race  there 
go  peculiarities  of  structure  and  function  which  determine  differences 
of  susceptibility. 

Family  peculiarities  are  of  the  same  nature  as  those  of  races,  the 
latter  being,  probably,  in  their  origin  derived  from  the  former.  There 
are  great  and  manifest  differences  among  families  in  susceptibility  to 
infective  agents.    There  are  many  facts  in  existence  which  show  that 
scarlet  fever  and  diphtheria  are  special  scourges  in  particular  famihes 
Again,  tuberculosis  of  the  lungs  is  acknowledged  by  almost  all 
authorities  to  prevail  in  families,  so  much  so  that  authors  use  the 
expression  "family  phthisis."     Further  examples  of  family  diseases 
are  furnished  by  xeroderma  pigmentosum  or  Kaposi's  disease  and 
retinitis  pigmentosa.     It  is  difficult  in  the  case  of  famihes  to  trace 
these  susceptibilities  through  a  sufficient  number  of  generations,  but 
such  facts  as  those  just  indicated  show  that  the  peculiarities  of  struc- 
ture which  make  family  and  individual  distinctions  are  corre  ated  to 
differences  in  susceptibility  to  the  class  of  diseases  under_  consideration. 

4  The  Constitution  of  the  body  the  result  of  Inheritance.-If  we 
define  the  Constitution  as  the  inherent  structure  and  powers  _of  the 
organism,  then  we  shall  recognize  that  the  constitution  of  the  individual 
is  made  up  of  an  immense  number  of  particulars  of  structure  and 
function,  each  of  which  has  been  transmitted  from  a  parent  or  ancestor^ 
These  particulars  include  susceptibilities  to  disease,  so  tl^^t  --P-^ 
of  constitutional  susceptibility.  As  we  have  seen  each  of  the  e 
constitutional  peculiarities  is  inherent  in  the  fertilized  ovum  when  it 
enters  on  its  career  of  development. 

„  ,  ,e..  to  „ot,e,  tU.. 

,i„g„ished  horn  L^^^^^        powers  as  a  such 

disord.,  which  has  mvolved  'l""  ''f  J^^°°'°';i',tis'oi,c„mst.nce  it  is  often 
a,  syphilis,  gout,  and,  m  ^;"^^l.^;Zu.In  l.smniio..-,  and  local,  wheve.s 

tional  disease,  b„t  w.th  an  ■•"Pl-«''»"  ^^^^^  .         aiathesis  is  supposed  to 

be,o>-e  the  actual  °  ^'^tractlal  oec'nJc.  o,  gout.     The  ten,,. 

I  lUTr  ld  is  not  capable  o,  ,e,,  st.ict  de.nit.ou. 

This  may  1,0  illustrated  by  f"'f '^l^''''"^^,,.  a  Ai.oZe 
and  liver  re.,i>eotively  to  cert,a,„  forms  of  disease. 
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characterized  by  an  excessive  multiplication  of  epithelial  cells,  and 
it  frequently  happens  that  the  original  tumour  sends  out  offsets, 
presumably  in  the  form  of  cells,  into  structures  at  a  distance,  these 
being  in  some  cases  carried  by  the  blood.  When  implanted  in  the 
liver  these  offsets  usually  grow  luxuriantly,  so  that  there  may 
ultimately  be  much  more  cancerous  than  liver  tissue.  On  the  other 
hand,  the  same  oflFsets  planted  in  the  lungs  will  grow  very  little. 
There  is  often  abundant  microscopic  evidence  of  their  implantation, 
but  no  proper  tumours.  The  lungs  and  liver  are  contrasted  in  an 
opposite  sense  in  the  case  of  general  tuberculosis.  In  this  disease 
the  specific  microbe  is  present  in  the  blood,  and  is  planted  throughout 
the  organs  and  tissues.  In  the  liver  it  is  caught  more  frequently  than 
probably  in  any  other  organ,  but  it  produces  only  microscopic  lesions. 
These  lesions  are  in  immense  numbers,  but  they  are  rarely  visible  to 
the  naked  eye,  and  are  probably  of  little  consequence  to  the  organ ; 
the  microbe  is  in  an  uncongenial  situation.  In  the  lungs,  on  the 
other  hand,  each  implantation  leads  to  a  marked  lesion  of  some  size, 
and  showing  evidences  of  much  disturbance  of  the  tissue.  The 
syphilitic  poison  presents  characteristics  different  from  that  of  tuber- 
culosis and  similar  to  that  of  cancer.  The  liver  is  frequently  affected,, 
the  lungs  very  rarely. 

These  illustrations  might  be  multiplied  in  regard  to  other  organs 
and  tissues.  That  such  differences  in  susceptibility  are  the  result  of 
inheritance  is  shown  by  the  fact  that  they  are  not  identical  in  the 
different  species  of  animals.  Thus,  in  the  guinea-pig  and  in  the  ox 
the  microbe  of  tubercle  when  implanted  in  the  liver  produces  obvious 
and  considerable  lesions  similar  to  those  in  the  lungs. 


HI—INFLUENCE  OF  AGE  AND  SEX  IN  THE  CAUSATION  OF  DISEASE. 

It  will  be  understood  from  what  has  gone  before  that  age  and  sex 
will  affect  the  causation  of  disease  only  by  increasing  or  diminishing 
the  susceptibility  to  certain  diseases. 

1.  Influence  of  Age.— The  first  weeks  and  months  of  life  are  the 
most  fatal,  so  much  so  that  about  a  fourth  of  the  children  born  die 
withui  the  first  year,  while  in  many  towns  more  than  half  the  deaths 
are  of  children  under  a  year  old.  There  are  various  explanations  of 
tnis,  perhaps  the  chief  being  that  the  helpless  infant  can  scarcely  let  its 
wants  be  known,  and  being  dependent  on  the  care  of  others,  is  more 
susceptible  to  all  sorts  of  accidental  external  influences.  Hence  it 
^""^       '^^l^^'^"  of  the  well-to-do  are  much  less  affected  by  disease 
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than  those  of  poorer  parents,  while  illegitimate  children  who  receive 
least  care  are  much  more  liable  to  disease  and  death  than  those  liorn 
in  wedlock.     Besides  this,  however,  there  are  other  explanations. 
The  child,  emerging  from  the  protection  and  warmth  of  the  uterus, 
undergoes  a  sudden  transformation  in  its  circulation  and  nutrition, 
and  at  the  same  time  has  to  cope  with  physical  conditions,  chiefly 
mechanical  and  thermal,  which  are  new  to  it.     The  first  days  and 
weeks  of  life  are  therefore  the  most  trying  to  the  child.    In  the 
child,  again,  the  tissues  are  growing,  and  have  the  double  duty  of 
nutrition  and  growth  thrown  upon  them.     They  are  therefore  more 
liable  to  derangement  than  those  of  adults,  although  they  possess 
greater  powers  of  restoration  when  damage  is  done.    The  smaller  bulk 
of  the  child's  body,  also,  renders  it  more  susceptible  to  changes  of 
temperature,  so  that  cold  will  penetrate  more  deeply  into  its  tissues 
than  into  those  of  adults,  a  fact  which  is  not  always  remembered  in  the 
clothing  of  children.    Besides  all  this,  the  bodies  of  children  present, 
as  it  were,  a  virgin  soil  for  the  propagation  of  the  various  infective 
agents.    The  children  of  the  poor  can  scarcely  escape  exposure  to  the 
ordinary  infectious  diseases,  and  their  bodies  are  apparently  very 
susceptible  to  these  influences.    A  striking  illustration  of  these  state- 
ments lies  in  the  fact  that,  in  Glasgow,  whooping-cough  is  the  cause  of 
more  deaths  in  children  than  any  other  communicable  disease  (RusseU). 
Tuberculosis,  also,  is  extremely  prevalent  in  children,  and  is  much 
more  liable  to  extend  beyond  its  primary  local  seat  than  in  adults ;  as 
if  the  tissues  of  children  afforded  a  better  nidus  for  the  mfective 

^^The  greatest  liability  to  disease  is  in  the  first  year  of  life,  and  it 
diminishes  from  the  first  year  to  the  eighth.  From  the  eighth  till  the 
eighteenth  year  the  liability  to  disease  increases,  but  cbmimshes  after 
the  latter  age,  reaching  a  minimum  between  twenty-fom-  and  thirty,  to 
increase  from  that  point  onwards.  The  mortality  by  no  means  follows 
the  liability  to  disease.  It  is,  indeed,  greatest  ni  the  first  yeai  dimin- 
ishing from  that  period  onwards.  The  diminution,  however,  does  not 
cease  at  the  eightt  year,  but  goes  on  till  adult  life,  the  minimum  being 
retweln  the  ages  o'f  twenty  and  forty-five.  After  the  latter  age  the 
d path-rate  rises  regularly  but  slowly. 

The  tncrease  of  disease  from  the  eighth  to  the  eighteenth  years  s 
related  To  the  fact  that  these  are.  in  general,  the  years  of  school-hfe 

nd  nelude  the  time  of  puberty.    School,  by 
coming,  and  sometimes  by  too  prolonged  confinement,  '  J 

hT  bfdy  less  resistant,  but  also  exposes  children  to        '     .  f  f 
period  0^  puberty,  involving  serious  changes  m  the  bod.ly  funct.ons. 


.INFLUENCE  OF  SEX. 


25 


liable  to  induce  a  general  weakness  of  the  body,  and  also  exposes 
females  to  the  special  affections  of  menstruation. 

In  advanced  life,  the  body  is  liable  to  diseases  which  imply  decadence 
or  senility  of  the  tissues.  The  bones  are  more  brittle  by  reason  of 
a  diminution  in  their  animal  constituents,  and  hence  are  liable  to  give 
way  under  a  less  severe  mechanical  strain  than  are  ordinary  bones. 
Senility  of  the  blood-vessels  affects  their  liability  to  certain  forms  of 
disease,  and,  indeed,  the  diseases  referred  to  are  mainly  present  in 
persons  past  middle  life.  Affections  of  the  brain  are  frequent  in  old 
persons,  but  nearly  all  of  these  depend  on  the  condition  of  the  blood- 
vessels, and  are  not  primarily  diseases  of  the  brain.  Cancer  is  very 
specially  a  disease  of  middle  and  advanced  life,  but  not  of  old  age.  It 
is  characterized  by  an  excessive  growth  of  the  epithelial  tissues,  and  it 
is  difficult  to  explain  how  this  should  occur  preponderatingly  at  an  age 
beyond  that  of  greatest  vigour,  unless  on  the  assumption  that,  so  long 
as  the  surrounding  tissues  remain  vigorous,  they  restrain  any  tendency 
in  the  epithelial  tissues  to  grow  to  excess. 

2.  Influence  of  Sex. — Diseases  of  the  generative  organs  are  of  course 
distinctive  in  the  two  sexes.  The  tissues  of  the  male  being,  as  a  rule, 
larger  and  firmer,  they  might  be  expected  to  offer  more  resistance  to 
the  external  forces,  but  this  is  very  doubtfully  the  case,  and  at  nearly 
all  periods  of  life  the  female  is  less  susceptible  to  disease  than  the  male. 
It  is  a  remarkable  fact  that  apparently  in  all  lands,  there  are  more  male 
than  female  children  born  (in  the  proportion  of  10.3-105  boys  to  100 
girls).  But  this  disproportion  begins  to  be  reduced  at  the  very  point 
of  birth,  by  the  fact  that  more  males  are  still-born  than  females  (in  the 
proportion  of  14:10).  This  is  apparently  due  to  the  fact  that  male 
children  are  on  the  average  more  bulky— especially  have  larger  heads, 
than  females,  and  are  therefore  more  exposed  to  the  accidents  of 
parturition.  Even  after  birth  the  females  show  less  liability  to  disease, 
so  that  by  the  end  of  the  first  year  the  sexes  are  already  equal  in 
numbers.  Throughout  the  remaining  years  of  life  the  females  are,  at 
all  ages,  usually  in  the  majority.  Even  the  dangers  of  childbearing  do 
not  reverse  the  balance,  as  the  risks  are  counterbalanced  by  the  greater 
exposure  of  men,  during  the  corresponding  years  of  life,  to  accident 
and  mjnry  in  the  pursuance  of  their  occupations. 
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TERMINATIONS  OF  DISEASE. 

The  termination  of  disease  is  in  recovery  or  death.  The  recovery 
may  be  much  prolonged  and  only  partial,  or  death  may  ensue  only 
after  a  long  struggle. 

1.  Recovery  from  Disease. — It  has  been  indicated  above  that  disease 
is  due  to  an  interference  from  without  with  the  normal  physiological 
processes,  or  to  an  abnormal  construction  or  tendency  of  the  Hving 
tissues.  The  existence  of  such  interference  or  tendency  does  not 
abolish  the  normal  functions,  but  rather,  in  many  cases  stimulates  them 
to  increased  activity.  The  healthy  tissues  are  continually  engaged  in 
dealing  with  external  forces,  and  are  generally  successful  in  so  doing ; 
and  in  cases  where  the  external  forces  have  for  the  moment  obtained 
the  supremacy,  the  tissues  are  frequently  stimulated  to  exceptional 
vigour,  so  as  to  overcome  the  interfering  agent.  As  already  indicated, 
many  of  the  phenomena  of  disease  are  really  due  to  the  reaction  of  the 
tissues  against  the  agent  producing  the  disease.  There  is  therefore  on 
the  part  of  nature  an  attempt  to  get  rid  of  the  disease,  a  natural 
tendency  towards  recovery.  This  tendency  is  expressed  in  the 
aphorism  vis  medicatrix  naturae,  which  implies  that  the  livuig 
structures  are  endowed  with  a  power  of  overcoming  disease. 

It  will  follow  from  this  that  recovery  is  more  apt  to  occur  when  the 
disease  is  due  to  the  direct  action  of  the  external  forces.  In  all  morbid 
conditions  due  to  the  physical  forces,  such  as  wounds,  fractiu-es,  burns, 
etc.,  the  tissues  at  once  set  to  work  to  repair  the  injury,  and  ni  most 
cases  with  considerable  success.  In  the  treatment  of  such  diseases  the 
endeavour  is  made  to  place  the  parts  under  as  favourable  circumstances 
as  possible  for  nature  to  do  its  part.  In  the  case  of  diseases  due  to 
infective  agents,  again,  we  see  usually  an  effort  on  the  part  of  nature 
to  overcome  the  morbid  agent.  According  to  one  theory  the  eleva- 
tion of  temperature,  which  is  characteristic  of  fever,  is  a  means  ot 
destroying  the  morbific  agent,  and  at  any  rate,  in  most  cases,  the 
normal  forces  after  a  time  reassert  themselves  and  the  patient  recovers. 
In  some  cases,  on  the  other  hand,  the  disease  keeps  on  advancing  with 
very  little  check  on  the  part  of  the  tissues.  It  will  be  found  tha  when 
this  is  the  case  there  has  generally  existed  a  special  susceptibility  to 
the  disease,  and  that  the  attack  of  the  morbific  agent  ^^^^^  ^  J'^ 
been  invited  by  the  special  condition  of  the  person.  If,  aftei  e 
morbid  process'has  been  established,  the  --^^^^^ 
disease  is  likely  to  remain  and  extend.    In  tul^erculosis  this  seems 
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peculiarly  the  case,  and  it  is  only  by  profoundly  altering  the  conditions, 
of  life  that  we  are  able,  as  a  general  rule,  to  bring  about  an  arrest  of 
the  process,  without  the  actual  removal  of  the  morbific  agent.  It  may, 
perhaps,  be  hoped  that  in  the  case  of  infective  diseases,  medicinal 
agents  may  be  discovered  which  will  directly  attack  the  morbific 
agent,  but  except  in  the  case  of  syphilis  and  malarial  fevers,  such  a 
discovery  has  not  yet  been  made. 

The  tendency  to  recovery  is  much  less  in  diseases  due  to  causes 
in  the  tissues  themselves.  Malformations  may  be  partially  rectified 
during  the  processes  of  development  and  growth,  but  recovery  will 
rarely  be  complete.  Tumours  generally  continue  their  growth  wath- 
out  reference  to  the  activities  of  the  tissues.  The  diseases  due  to 
decadence  of  the  tissues  are  seldom  the  subjects  of  spontaneous, 
recovery. 

2.  Death. — This  is  the  unfortunate  termination  of  many  diseases, 
but  the  tendency  to  death  is  frequently  more  an  accidental  circum- 
stance than  a  necessary  part  of  the  phenomena  of  the  disease. 

Life  may  persist  along  with  the  abolition  of  most  of  the  functions, 
of  the  body.  If  the  respiration  and  circulation  persist,  the  remaining 
functions,  even  those  of  the  brain,  may  be  in  abeyance,  and  yet  the 
person  may  survive.  If  we  look  at  the  actual  process  of  dying,  we 
shall  find  that  in  most  cases  the  heart  or  the  respiratory  movements 
first  give  way,  although  in  some  instances  it  may  be  diflScult  to 
determine  which  has  first  ceased.  According  to  Bichat  there  are 
three  modes  of  death,  namely,  by  the  brain,  by  the  lungs,  and  by 
the  heart,  but  from  what  has  been  noted  above  it  is  clear  that  these, 
may  be  included  in  the  two  mentioned. 

Death  by  the  lungs  is  due  to  failure  in  the  respiratory  movements. 
This  may  occur  suddenly  by  paralysis  of  the  -respiratory  centre  in  the 
medulla  oblongata,  as  in  haemorrhages  in  the  brain,  but  for  the  most 
part  it  occurs  gradually  from  exhaustion  of  the  respiratory  centre,  and 
is  then  called  death  by  Asphyxia.  Such  exhaustion  will  ensue  when, 
from  obstruction  of  the  air  passages  or  vitiation  of  the  air,  the. 
respiration  has  been  for  a  time  carried  on  with  great  difficulty. 

Death  by  failure  of  the  heart's  action  is  a  more  frequent  mode 
of  death.  It  may  be  the  result  of  irritation  of  the  vagus  centre  in  the 
medulla  oblongata  from  injury  to  the  brain,  though  in  this  case  the 
failure  of  the  heart  may  be  simultaneous  with  cessation  of  respiration. 
This  form  of  paralysis  of  the  heart,  however,  is  of  rare  occurrence. 
Again,  a  sudden  reflex  paralysis  of  the  heart  from  shock  may  occur. 
There  may  also  be  death  from  failure  of  the  heart  due  to  disease  in  the 
organ  itself,  and  here  also  the  death  is  very  often  sudden.    A  frequent 
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cause  of  sudden  death,  for  instance,  is  obstruction  of  a  branch  of  the 
coronary  artery.  This  may  lead  to  such  derangement  of  the  nutrition 
of  the  heart's  muscle  as  to  cause  paralysis  and  cessation  of  its 
contractions. 

But  cessation  of  the  heart's  action  is  often  the  mode  of  death  when 
the  seat  of  disease  is  distant  from  that  organ  or  its  nervous  apparatus. 
In  that  case  the  heart  is  affected  secondarily.  It  is  weakened,  it  may 
be,  by  the  condition  of  the  blood  being  altered,  so  that  the  requisite 
amount  of  nutriment  is  no  longer  afforded  to  the  heart ;  or  it  may  be 
injured  by  the  blood  being  increased  in  temperature  or  contaminated 
by  abnormal  products.  In  these  cases  the  heart  partakes  in  the 
general  weakening  of  the  body  and  gradually  ceases  to  contract. 

Failure  of  the  heart  has  an  immediate  effect  on  the  circulation  ni 
the  lungs,  and  we  shall  see  afterwards  that  oedema  of  the  lungs, 
which  is  characterized  by  exudation  of  fluid  into  the  lung  alveoli, 
is  one  of  the  most  constant  eflfects  of  this  condition.  The  laboured 
breathing  and  rattle  in  the  throat,  which  are  so  frequent  in  the  last 
stages  of  disease,  are  the  usual  signs  of  oedema  of  the  lungs,  so  that 
although  these  signs  call  attention  to  the  respiratory  organs,  the  real 
primary  failure  may  be  in  the  heart. 

It  will  be  seen  that  the  proclivity  to  death  in  the  various  forms  of 
disease  will  depend  on  the  degree  to  which  the  disease  affects  the 
respiration  or  the  heart's  action,  but  more  particularly  the  latter.  In 
this  view  of  it  the  actual  qaestion  of  death  or  survival  will  frequently 
depend  on  the  staying  power  of  the  heart.  The  ability  of  the  heart  to 
continue  its  contractions  during  the  most  severe  period  of  an  illness 
will  frequently  determine  whether  the  person  is  to  die  or  recover. 
This  is  an  important  point  to  keep  in  mind  in  actual  practice.  There 
are  great  differences  in  the  staying  power  of  the  heart  in  different 
persons,  and  so  there  are  great  differences  in  the  fatality  of  the  same 
diseases.  The  ability  of  the  heart,  like  other  local  conditions,  is 
larcrely  determined  by  inheritance.  It  is  probably  one  of  the  mam 
factors  in  determining  the  duration  of  life,  and  longevity  depends 
probably  more  on  the  character  of  the  heart  than  on  any  other 
single  circumstance. 
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TERATOLOGY. 
GENERAL  MALFORMATIONS.  MONSTROSITIES. 

Introduction.— Definition  of  terms  and  grouijing.  Causation  of  monstrosities. 
Nomenclature.  I.  Monstrosities  by  excess,  in  size  or  number.  A.  By  excess 
in  size,  giants,  local  hypertrophies.  B.  By  excess  in  number— Fission  of 
embryo,  i.  Complete  duplication,  twins,  with  subsequent  partial  union  (1) 
of  xiphoid,  (2)  of  thorax,  (.3)  of  thorax  and  head,  (4)  of  head,  (5)  of  pelvis, 
(6)  of  sacrum,  ii.  Abcaudal  duplication:  (1)  head  single,  and  bodies  equal; 
(2)  head  single^  one  body  undeveloped  and  parasitic ;  (3)  Duplication  of 
pelvis  and  legs.  iii.  Abcranial  duplication  :  (1)  partial  duplication  of  head— 
double-face  ;  (2)  complete  division  of  head— double-head  ;  (3)  one  division 
undeveloped  and  parasitic  ;  (4)  supernumerary  arms.  iv.  DupUcation  both 
abcaudal  and  abcranial.  v.  Triple  monsters,  vi.  RedupUcation  of  parts. 
II.  Monstrosities  by  defect  in  size  or  formation.  A.  Defect  in  size— Dwarfs. 
B.  Defects  in  formation  arising  (1)  from  dropsy  of  the  cerebro-spinal  canal, 
etc.  ;  (2)  from  influence  of  amnion,  i.  Extreme  Defect  in  Twin-Fcetation. 
Acar'diaci:  (1)  acephalus,  (2)  acormus,  (3)  amorphus.  ii.  Defects  involving 
the  bead  and  spinal  column:  (1)  Brain  absent,  Anencephalus ;  (2)  brain 
displaced-Encephalocele,  Hernia  cerebri ;  (3)  brain  defective-Cyclopia,  (4) 
jaw  defective-Agnathia ;  (5)  vertebral  canal  and  cord  imperfect-Spina 
bifida  III.  Defective  closure  of  parts  in  front:  (1)  facial  clefts;  (2)  con- 
genital fistula  of  neck  ;  (3)  defective  closure  of  thorax  ;  (4)  of  abdomen. 
IV.  Defect  of  orifices  and  canals,  v.  Absence  or  defect  of  extremities.  III. 
Aberrant  monstrosities,  chiefly  transpositions  of  viscera. 


INTRODUCTION. 


rpHE  conditions  to  be  considered  here  are  all  referable  to  errors  m 
^  the  development  of  the  embryo.  They  are  to  be  traced  to  causes 
acting  on  the  embryo  and  causing  it  to  deviate  in  its  formation  either 
as  a  whole  or  in  part  from  the  normal.  Malformations  may  consist 
merely  in  slight  local  deviations  from  the  regular  type,  as  where  a 
muscle  or  a  blood-vessel  has  abnormal  relations,  in  which  case  the 
term  Anomaly  is  frequently  used.  On  the  other  hand,  they  may 
affect  the  body  as  a  whole  and  may  be  such  as  to  produce  the  most 
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serious  deformities,  many  of  them  incompatible  with  life.  In  that 
case  the  term  Monstrosity  is  frequently  used.i  It  is  with  these 
latter  that  we  are  here  chiefly  concerned.  The  malformations  of  indi- 
vidual organs  will  be  referred  to  in  their  places,  but  in  this  general 
section  we  have  chiefly  to  consider  those  which  affect  the  body  as  a 
whole  or  the  more  important  parts  of  it.  The  science  of  monstrosities 
or  Teratology  is  a  very  wide  one:  it  will  only  be  possible  here  to 
give  a  general  outline  of  it. 

The  congenital  malformations  form  only  a  part  of  the  congenital 
diseases  (see  p.  15).  In  some  of  the  latter  we  have  simply  the 
ordinary  pathological  changes  such  as  are  met  with  in  extra-uterine 
life,  but  they  have  happened  to  occur  in  the  foetus.  In  the  case  of 
malformations,  on  the  other  hand,  the  structure  of  the  tissues  in 
themselves  is  normal,  but  there  is  an  erroneous  arrangement  owing 
to  some  interference  occurring  during  the  period  of  development. 

The  malformations  are  divisible  into  three  great  groups.  These 
are  malformations  by  excess,  by  defect,  and  by  peculiarity  of  form. 

Malformations  by  excess  are  divisible  according  as  the  size  or  the 
number  of  parts  is  in  excess.  There  may  be  an  excessive  size  of 
the  whole  body  or  of  some  of  its  parts,  but  such  gigantic  formation 
is  uncommon.  Much  more  common  is  numerical  excess,  consisting 
in  a  doubling  or  even  in  a  trebling  of  the  body  as  a  whole  or  of 
its  parts.  The  group  of  double  monsters  thus  includes  a  large 
number  of  different  forms.  Malformations  by  defect  may  be  either 
in  the  form  of  abnormal  smallness  of  parts,  or  of  a  defect  in  the 
completion  of  the  development  of  certain  structures.  In  the  latter 
case  the  parts  may  be  of  full  size,  but  they  represent  some  period 
of  embryonic  life  and  not  that  of  full  development ;  thus,  structures 
which  are  formed  separately  in  the  embryo  in  order  afterwards  to 
unite  and  form  single  structures  may  fail  to  do  so,  and  clefts  or 
fissures  may  be  the  result.  Malformations  by  peculiarity  of  form, 
or  Aberrant  malformations,  are  local  anomalies  in  which,  without 
any  actual  defect,  the  development  has  taken  a  different  course  from 
the  normal,  structures  which  usually  atrophy  as  development  proceeds 
perhaps  continuing  to  grow,  while  those  which  usually  develop  com- 
pletely are  atrophied.  Many  malformations  of  the  heart  and  vessels 
and  of  the  generative  organs  belong  to  this  class,  which  also  includes 

monstrosity  is  "a  collection  of  anomalies  which  are  very  complex,  very 
grave,  rendering  impossible  or  difficult  the  performance  of  certain  functions, 
an   producing  in  the  individuals  so  affected  a  vicious  conformation  very  different 
rom  hat  which  their  species  usually  presents."— Geoffroy  Saint-Hilaire,  Traitd 
de  Teratologie,  I. 
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many  local  anomalies.  The  latter  do  not  fall  to  be  described  I'li 
this  section. 

Causation  of  Malformations. — As  the  malformation.s  take  origin 
in  the  embryo  at  comparatively  early  stages  of  its  development,  it 
must  be  generally  difficult  to  trace  the  exact  nature  of  the  cause, 
but  there  are  at  least  some  indications  of  the  kinds  of  causative 


agents. 


In  the  case  of  the  malformations  by  excess  we  must  suppose  an 
excessive  stimulation  of  the  embryo  at  an  early  period  of  ^develop- 
ment, but  the  nature  of  the  stimulation  is  difficult  to  determine. 
It  may  here  be  pointed  out,  that  in  certain  of  the  lower  animals 
which  are  capable  of  restoring  lost  parts  there  is  sometimes  a  re- 
duplication of  the  parts  reproduced.    Thus  in  the  case  of  the  lizard, 
when  the  tail  is  broken  off,  there  may  be  two  or  three  tails  instead 
of  one  reproduced.    In  the  salamander  also,  when  the  foot  or  hand 
is  amputated  or  divided  longitudinally,  there  may  be  a  new  formation 
of  one  or  more  supernumerary  fingers.    In  these  cases  the  Stimulation 
of  the  wound,  in  which  the  germinal  tissue  is  forming  a  new  member, 
results  in  the  reduplication  of  the  member.     In  a  similar  fashion 
the  over-stimulation  of  the  embryo  may  induce  a  redupUcation,  which 
will  affect  the  whole  body  or  parts  of  it,  according  to  the  period  and 
locality  of  its  application.     The  stimulus  may  in  some  cases  be  re- 
lated to  the  activity  of  the  ovum  and  spermatozoa  respectively,  but 
there  is  reason  to  believe  that  external  stimulation  may  in  some 
cases  have  important  influences.    Thus  Geriach  asserts  that  by  var- 
nishing an  egg  so  as  to  leave  only  a  certain  selected  part  free  for 
the  penetration  of  air  he  succeeded  in  certain  cases  in  producing  a 
doubling  of  the  anterior  extremity  of  the  chick.     Panum,  Dareste, 
and  others  have  also  produced  malformations  by  varnishing,  by 
variations  of  temperature,  and  by  placing  the  eggs  vertically. 

In  the  case  of  malformations  by  defect,  the  ordinary  prniciples 
of  causation  may  l^e  taken  into  account.  The  causation  is  to  be 
looked  for  in  external  conditions  acting  on  the  foetus  ni  utero,  or 
in  internal  conditions  inherent  or  induced  in  the  foetus  itself.  In 
the  small  and  delicate  structures  which  form  the  eariy  embryo,  very 
slight  and  simple  disturbances  may  interfere  with  the  completion  of 
parts  Thus,  blows  on  the  abdomen  may,  in  their  influence,  extend 
through  the  uterine  wall  to  the  fa3tus.  Further,  a  potent  cause  of 
malformations  is  constriction  or  adhesion  of  parts,  chiefly  by  the 
amnion.  Adhesion  is  mostly  the  result  of  inflammation,  and  this 
again  may  result  from  injury.  Adhesion  between  the  embryo  and 
L  amnion  at  an  early  period  is  liable  to  interfere  with  the  closure 
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of  the  external  structures  in  the  middle  line.  Such  adhesions,  beine: 
accidental,  are  apt  to  produce  irregular  malformations. 

Internal  conditions  such  as  accumulations  of  fluid,  or  di'opsies,  are 
believed  to  have  to  do  with  many  forms  of  defect,  more  especially 
those  concerning  the  nervous  system.  On  the  other  hand,  a  simple 
failure  of  developmental  energy  has  been  assigned  as  a  cause  of  non- 
completion  of  the  formation  of  parts. 

Inheritance  has  little  influence  in  the  causation  of  malformations. 
In  the  case,  of  the  slighter  forms  or  anomalies,  such  as  supernumerary 
digits,  inheritance  has  a  most  marked  influence,  but  in  the  mon- 
strosities proper  it  has  little  or  no  effect. 

Sudden  frights  or  shocks  are  often  assigned  popularly  as  the  causes 
of  malformations.  The  sight  of  a  person  -vvith  harelip  or  with  an 
amputated  limb,  by  the  mother,  is  supposed  to  give  rise  to  a  like 
malformation  in  the  foetus,  or  even  a  simple  fright  is  stated  as  the 
cause.  There  is,  however,  little  basis  for  this  opinion,  and  the 
assigned  cause  often  happens  at  a  period  of  pregnancy  when  the  mal- 
formation must  have  been  already  present.  Most  of  the  malforma- 
tions, as  we  have  seen,  are  referable  to  the  early  periods  when 
perhaps^  the  mother  is  as  yet  ignorant  of  the  existence  of  pregnancy. 

Classification.— The  chief  malformations  form  a  regular  series,  and 
subject  themselves  to  a  classification  on  comparatively  simple  lines. 
Most  of  the  systems  are  based  on  that  laid  down  by  Foerster,  which 
has  been  already  indicated  above.  Cleland  has  suggested  a  classifica- 
tion which  follows  somewhat  on  Foerster's  lines,  taking  more  account, 
however,  of  the  causation  of  the  lesions.  This  classification,  will  be 
m  general  followed. 

Nomenclature.— It  is  convenient  to  designate  the  various  malfor- 
mations by  brief  descriptive  titles,  which  shall  render  them  readily 
chstmguishable.  The  names  used  for  the  specific  forms  will  be  found 
to  ollow  a  definite  plan,  and  to  contain,  in  Greek  derivatives  a  brief 
statement  of  the  general  features  of  the  malformation 


I— MONSTKOSITIES  BY  EXCESS. 

mlylsZZV^''"  ''''  ^^-^  tbese  again 

may  affect  the  body  as  a  M^hole  or  individual  parts. 

A.— Monstrosities  by  Excess  in  Size. 

peltTo'  'LT"'''''  eiants.-We  include  hero 

oieatly  exceed  m  height  the  stature  of  ordinary  men. 

n 
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As  a  rule  a  man  who  measures  7  feet  and  upwards  is  counted  a 
giant ;  there  are  cases  on  record  from  7  to  8  feet  in  height,  and 
even  up  to  9  feet,  although  many  of  the  accounts  are  doubtful.  In 
some  cases  sexual  maturity  is  delayed  or  remains  absent,  and  most 
giants  become  prematurely  old  and  do  not  live  long. 

2.  Local  hypertrophies.— Excessive  growth  of  one  half  of  the  body 
is  a  rare  form  of  malformation.  We  have  also  unilateral  hypertrophy 
of  a  limb,  or  of  individual  fingers  or  toes  (see  Fig.  1).    The  bones 


Fig.  1.— Hypertrophy  of  second  and  third  toes.    (W.  I.  M.) 

of  the  skull  sometimes  grow  excessively,  especially  the  lower  jaw. 
There  are  also  hypertrophies  of  the  larynx  and  tongue,  and  more 
rarely  of  the  internal  organs,  which  as  they  have  no  explanation  m 
any  acquired  disease,  are  regarded  as  malformations. 


B._M0NSTR0S1TIES  BY  EXCESS  IN  NUMBER-FlSSION  OF  THE 

Embryo. 

These  form  a  very  important  group,  and  include  a  '-S^J-P-'^^^^ 
of  the  more  considerable  malfonnat.o^s  o  the  body.    T  7 

great  variety  in  form  and  degree.    At  the        ^na  o 
Save  the  monstrosity  consisting  of  two  complete  -^^^^^J^ 
by  a  narrow  band,  or  indeed  disunited.    At  the  other  end  ha^c 
simple  duplicity  or  reduplication  of  parts. 

In  all  cases  of  double  monstrosity  there  has  been  to 
one  ovum.    Opinions  have  been  divided  on   he  qu^^^^^^  ^J^^ 
the  single  ovum  there  have  been  originally  two 
partially  united,  or  whether  there  has  been  but  one  embijo 
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has  given  rise  to  the  doubled  parts  by  fission.  The  latter  is  the 
more  likely  explanation  in  most  cases  of  double  monsters. 

Multiplication  by  fission  is  common  in  the  vegetable  kingdom,  and 
is  not  unknown  in  the  lower  forms  of  animal  life.  Experiment  seems 
to  show  that  stimulation  of  the  early  embryo  may  lead  to  doubling 
in  whole  or  in  part.  Schultze,  for  instance,  asserts  that  in  the  eggs 
of  amphibia,  an  alteration  in  the  position  of  the  ovum  in  certain 
ways,  produces  a  double  malformation.  We  may  suppose  that  stimu- 
lations of  unknown  origin  may  affect  the  embryoes  of  the  higher 
animals.  Thus,  should  there  be  over-stimulation  of  the  ovum  soon 
after  impregnation,  there  may  be  fission  of  the  whole  germinal  mass, 
with  the  ultimate  production  of  two  separate  individuals  or  twins, 
which  may,  however,  be  partly  united.  At  slightly  later  periods, 
when  the  central  part  of  the  cerebro-spinal  axis  has  been  already 
laid  down,  the  fission  may  still  affect  the  upper  or  lower  end  of 
the  embryo,  and  we  may  have  doubling  of  these  either  together  or 
singly,  while  a  portion  of  the  cerebro-spinal  axis  is  single.  Then 
at  still  later  periods  when  the  appendages  are  being  formed,  there 
may  be  a  more  local  fission  leading  to  multiplication  of  parts.  There 
are  even  cases  in  which  the  fission  has  been  repeated  more  than  once, 
so  that  there  is  not  only  a  doubling  but  a  trebling  of  parts,  and  the 
monster  contains  portions  of  three  individuals. 

An  interesting  confirmation  of  the  view  that  double  monstrosity  arises  by  fission 
of  one  embryo  has  been  furnished  by  Cleland  in  his  observations  on  supernumerary 
legs.    (See  further  on  at  p.  39.) 

The  doubled  parts  may  vary  in  the  degrees  of  development  which 
they  attam.  The  one  may  grow  much  more  quickly  than  the  other 
and  when  that  is  the  case  the  lesser  may  undergo  various  degrees 
of  displacement  and  defective  development.  As  the  well-developed 
division  grows  in  length  it  may  even  tear  away  parts  of  the  less 
developed  one  from  their  relations,  and  so  produce  complex  arrange- 
ments. The  more  quickly  growing  part  may  even  come  to  include  the 
former  """"^  "^^^  ^'^^  ^  ^^"^      ^^^asite  on  the 

strtS'V'"/'!.''  ^  ^«-«-bered  in  considering  double  mon- 
Tr  iw  h  symmetrical  parts  tend  to  adhere, 

adher^^!  ^k/'i  "  development,  lateral  parts 

adhering  to  T  ^'  symmetrical  parts  of  one  division  sometimes 
not  infrequentlv'^"''"'^"'^^  P^'*'  ^Here  is,  however, 

double  monstrositilTi  suppression  of  parts  of 

iosities  If  they  meet  m  the  middle  line. 


36 


TERATOLOGY — GENERAL  MALFORMATIONS. 


The  large  majority  of  double  monstrosities  are  of  the  female  sex, 
and  the  two  bodies  are  always  similar  in  sex. 

The  double  monstrosities  are  divisible  into  four  gi'oups  according 
to  the  extent  and  situation  of  the  fission.  The  division  is  (1)  complete, 
involving  the  whole  cerebro-spinal  axis,  or  (2)  of  the  hinder  extremity 
— abcaudal  fission,  or  (3)  of  the  anterior  extremity— abcranial  fission, 
or  (4)  of  both  extremities  while  a  portion  of  the  cerebro-spmal  axis 
is  undivided. 


I._COMPLETE  DUPLICATION.  TWINS. 

Most  twins  are  developed  from  two  ova,  and  are  just  as  distinct  as 
children  who  are  born  one  at  a  birth.  But  the  so-called  homogeneous 
twins  are  developed  from  one  ovimi,  are  contained  in  one  chorion, 
and  have  a  common  placenta.  They  are  always  of  the  same  sex 
and  closely  resemble  each  other,  so  closely  that  their  individual 
identity  is  often  mistaken.  In  a  certain  sense  such  twins  are 
examples  of  double  monstrosities.  ■,        •  i 

There  are,  on  the  other  hand,  twins  in  whom  the  cerebro-spinal 
axis  is  complete  in  each,  there  having  been  a  complete  division,  but 
union  has  taken  place  and  the  two  are  connected  by  Imng  tissue. 
For  the  most  part  the  two  bodies  are  placed  parallel  to  each  other, 
and  with  the  anterior  surfaces  turned  towards  each  other,  and  they 
are  usually  united  by  their  anterior  parts.  The  explanatioia  of  this 
Ly  be  that,  as  the  anterior  parts  are  the  last  to  close,  adhe^on 
more  likely  to  take  place  here.    This  rule  is,  however,  not  mthout 

'Tthough  the  cerebro-spinal  axis  is  complete,  there  is  in  double 
monsterr  not  infrequently,  a  suppression  of  ceriam  parts,  the  sup- 
Teied  Vrts  being'symmetrical ;  as  if,  being  in  contact,  portions 

had  been  crowded  out  by  ^^^S  XZ^'^^,,,^,  to  tU 

1    Xinhonaffus  (Trayas  =  unitea,  iium  t^<u^     i  \  ,     ^  i 

of  ,mion  and  is  illustrated  by  the  well-know,,  Siamese  twins,  ine  e 
s  a  CO—  mnbilious  and  umbilieal  eord,  and  there  ,s  also  a  ea,t,- 

tlm-acic  ccmty).—ln  this  case,  ab  rpnresented  by  a  single 

the  adiace,,t  strnetures  n,ay  e^^^^^^^^^^^^ 

common  st,uct„,-e.    Tlie  two  ,nte^t  y  ^^^^^^^^ 

but  double  above  -'^ J'"^^^^,  ^^.f  ,,„g3  lays  double,  and 
two  livers  are  generally  uratccl.    ine  e, 
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the  heart  usually  so,  but  the  two  hearts  may  have  coalesced  at  their 
borders  and  be  externally  single.  There  is  sometimes  a  partial  or 
complete  coalescence  of  two  of  the  arms,  so  that  there  are  only 
three  arms.  The  coalesced  arm  will  arise  from  the  left  of  the  right 
twin,  and  the  right  of  the  left. 

3.  Prosopo-thoracopagus  or  Syncephalus  {Union  of  thorax  and 
head). — The  spinal  column  and  base  of  the  cranium  are  separate,  but 
the  faces  have  come  in  contact 
and  partly  coalesced  There 
may  be  two  faces,  but  they 
are  often  partially  undeveloped 
(Fig.  2).  The  union  here,  as 
in  the  two  preceding  classes,  is 
anterior,  so  that  it  is  the  faces 
which  come  in  contact  and  co- 
alesce. Symmetrical  parts  of 
the  two  faces  may  thus  unite, 
especially  those  in  the  middle 
line,  as  the  mouths  and  noses, 
while  the  ears  are  brought 
close  together.  There  is  in 
some  cases  a  peculiar  coalescence 
of  the  two  faces,  as  if  while 
facing  one  another  they  had 
become  flattened  out  against 
each  other  and  the  parts  carried 
to  either  side.  There  are  thus 
two  faces,  looking  to  the  right 
and  left,  but  each  face  really 
belongs  half  to  one  body  and 
half  to  the  other.  This  form  of 
Mr.  Facing-both-ways  is  called  Janiceps.  Sometimes  one  of  the  faces 
is  only  a  rudiment.  In  all  these  forms  the  mouth  and  tongue  are 
smglein  their  posterior  part;  the  oesophagus,  stomach,  and  duodenum 
are  smgle.    The  lungs,  urinary  and  sexual  organs,  are  double,  but 


Fig.  2.— Syncephalus.  Janiceps.— Twins  united 
by  head  and  thorax.  The  face  shown  belongs 
half  to  one  twin  and  half  to  the  other.  There  is 
another  face  opposite  this  one,  which  is  in  this 
case  imperfectly  formed.  (Glasgow  Hunterian 
preparation.) 


the  heart  single. 


The  arms  are  nearly  always  completely  double. 


Pnni  t  V  usually,  included  in  the  genus  Thoracopagus,  and  they 

constitute  a  very  common  form  of  double  monster.  Amongst  them  the  second 
deyelone?''^T  """'^  frequent.    In  some  cases  one  of  the  Uvins  is  ill 

to  the  abd       '^^^^^^  appendage  to  the  other,  forming  a  parasite  attached 

iUustrated  byThe'cl^'^''■T  ^"'"^      '^^^''^  ''^'^^'"''^  thoracopagus,  and  is 

J    i«  case  of  Lazarus  Colloredo,  who  was  born  in  1710,  and  lived 
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to  an  adult  age.  The  smaller  twin  had  most  of  the  external  parts,  with  the 
exception  that  there  was  only  one  leg. 

It  is  customary  to  include  under  the  thoracopagus  parasiticus  cases  in  which 
the  head  of  the  ill-developed  foetus  is  absent  (acephalic  parasites),  but  this  is 
more  probably  due  to  incomplete  abcaudal  fission.    (See  further  on.) 

•i.  Kraniopagus  ( Union  of  craniul  vaults). — The  twins  are  complete, 
and  separate  except  that  the  cranial  vaults  have  united.  The  union 
may  be  frontal,  parietal,  or  occipital  (Kraniopagus  frontalis,  parietalis, 
occipitalis). 

5.  Ischiopagus  ( JJiiion  pelvic,  with  one  umbilicus). — This  is  the  con- 
verse of  the  preceding  form.  The  two  bodies  are  united  below,  and 
divei'ge  from  one  another  so  that  the  heads  are  at  the  opposite 
poles.  The  two  pelves  are  united,  and  sometimes  the  two  sacra 
have  coalesced  in  such  a  way  that  the  spinal  canals  are  continuous. 
All  the  organs  of  the  chest  and  abdomen  are  doubled,  but  one  set 
of  the  external  sexual  organs  may  be  imperfectly  formed  or  may 
have  coalesced  A\dth  the  other.  There  are  generally  four  legs,  which 
are  thrown  to  the  sides,  bub  there  may  be  three  or  only  two. 

6.  Pygopagus  (Union  in  sacral  region). — In  this  the  union  is  limited 
to  the  region  of  the  sacrum  and  coccyx.  There  are  two  indi-\aduals 
who  may  live  many  years,  as  in  the  case  of  the  Hungarian  girls, 
Judith  and  Helena,  who  lived  to  the  age  of  22  years.  There  may 
be  a  common  sacrum  and  coccyx,  but  even  these  may  be  more  or 
less  divided  and  the  rest  of  the  skeleton  is  separate  in  each.  The 
essential  distinction  from  the  Ischiopagus  is  that  each  individual  has 
a  separate  umbilicus.  The  pelvic  organs  are  less  united,  but  there 
is  a  common  anus. 

The  Acardiaci  or  Omphalosites  might  be  logically  included  under  the  group 
of  twin  malformations.  They  consist  in  ill-formed  monstrosities  which  are  born 
along  with  well-developed  foetuses.  The  two  are  separate  but  the  defective  one 
is  connected  with  the  umbilical  cord  or  placenta  of  the  other.  It  may  be  more 
suitable  to  place  these  forms  amongst  the  malformations  by  defect. 


IL-A.BCAUDAL  DUPLICATION. 


The  duplication  in  this  case  may  be  more  or  less  extensive,  from 
below  upwards,  and  it  may  involve  the  whole  vertebral  column,  but 
the  head  is  always  single.  One  of  the  halves  may  develop  exces- 
sively, and  the  other  may  be  very  imperfect. 

1  Dipygus  (7n7rH  buttocks)  (Head  single,  bodies  doid>le  aid  cqmUn 
c^e../om/).-Therc  is  here  one  head  and  two  l>odies,  but  the  bodies 
and  arms  may  be  to  a  variable  extent  coalesced.     There  may  l3e 


ABCAUDAL  DUPLICATION. 


39 


the  regular  four  arms,  or  there  may  be  only  two  ;  hence  dipygus 
tetrabrachius  and  dibrachius.  This  form  of  double  monstrosity  is 
rare  in  man,  but  common  in  animals. 

2.  Parasitic  forms  {Head  single,  one  body  much  larger  than  the 
other). — We  have  here  a  great  variety  of  malformations  according  to 
the  degree  of  defect  of  the  smaller  portion.  The  fully-developed  fojtus 
is  continuous  with  the  head,  while  the  imperfect  one  seems  a  mere 
appendage,  or  is  even  broken  off  from  the  former.  We  are  able  to 
recognize  various  modifications. 

(fl)  Acephalic  parasites  {Smaller  jjart  appended  to  front  of  larger). — 
In  this  form  we  have  the  fully-developed  foetus  with  part  of  an  ill- 
developed  one  hanging  from  the  front  of  the  thorax  and  abdomen  in 
the  form  of  two  legs,  or  two  legs  with  part  of  a  body  and  two  arms. 
This  form  is  sometimes  called  Epigastrius.  It  is  the  commonest 
form  of  the  parasitic  monstrosities,  and  is  illustrated  in  the  case  of  a 
Hindu  youth,  called  Lalloo. 

(b)  Inclusio  foetalis,  foetus  in  foetu  (Smaller  part  included  in  the 
other). — The  included  portion  is  within  the  abdominal  cavity  of  the 
lai'ger  part  (Engastrius),  and  is  very  ill  developed.  It  lies  in  a  sac 
composed  of  connective  tissue,  and  the  parts  are  I'ather  confusedly 
mixed,  but  there  are  usuallj^  recognizable  the  bones  of  legs  and 
arms  ^\^th  feet  and  hands — sometimes  also  portions  of  the  vertebral 
column. 

Some  cases  of  Congenital  sacral  teratoma  are  to  be  included  in 
this  gi'oup,  those  namely  in  which  the  tumour  contains  well-defined 
parts  of  the  foetus,  such  as  recognizable  bones  of  the  skeleton,  etc. 
(See  further  under  Tumours  in  the  class  of  Teratoma.) 

3.  Supernumerary  legs  (Duplication  affecting  pelvis  and  appendages). — 
There  is  in  this  case  a  duplication  which  affects  the  inferior  part  of  the 
embryo ;  the  primordial  pelvis,  -\vith  its  appendages,  is  duplicated. 

From  the  observations  of  Cleland,  it  appears  that  the  two  halves 
present  peculiar  and  interesting  relations.  The  duplication  is  in  the 
middle  line,  so  that  a  right  and  a  left  pelvis  result.  As  the  two  pelves 
are  closely  connected  behind  (by  the  spinal  column),  there  is  much 
more  room  for  expansion  in  front,  and  so  while  the  proximate  posterior 
parts  are  crushed  together  and  liable  to  imperfect  development,  the 
anterior  halves  attain  full  development.  The  result  is,  two  perfect 
limbs,  which,  however,  belong  properly  to  two  different  pelves,  being 
the  nght  leg  of  the  right  pelvis  and  the  left  leg  of  the  left ;  and 
in  addition,  placed  posteriorly,  a  more  or  less  imperfectly  formed 
composite  pelvis  with  supernumerary  legs,  variously  coalesced  or 
dwarfed.  ^  o 
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The  condition  of  the  supernumerary  parts  behind  varies  consider- 
ably. There  is  usually  one  coalesced  limb,  like  that  mentioned  alcove  ; 
but  there  may  be  two,  or  the  indications  of  a  second. 

This  subject  has  been  worked  out  by  Cleland  in  his  memoir  on  "  Birds  with 
supernumerary  legs,"  etc.  He  there  refers  to  cases  in  the  human  subject,  especi- 
ally to  that  of  Dos  Santos,  a  monstrosity  which  has  been  described  by  several 
writers.  In  this  case  there  was  a  supernumerary  leg  attached  posteriorly.  It  had 
the  knee  turned  backwards,  and  ended  in  a  composite  foot  with  the  great  toes 
joined  and  the  fifth  toes  at  the  outer  sides.  This  composite  limb,  therefore,  had 
not  arisen  by  the  fission  of  two  limbs  of  the  same  pelvis,  but  by  the  coalescence  of 
the  left  leg  of  a  right  pelvis  and  the  right  leg  of  a  left  pelvis.  In  front  there  were 
two  penes  between  the  fully-developed  limbs,  another  indication  that  the  anterior 
parts  and  the  two  developed  limbs  belonged  to  different  pelves. 


III.— ABCRANIAL  DUPLICATION. 


As  in  the  case  of  abcaudal  duplication  the  division  may  be  more 
or  less  complete,  and  the  lateral  halves  may  be  unequally  developed, 
so  that  in  the  extreme  cases  one  is  parasitic. 

1.  Diprosopus  (Tr/ado-wTrov  =  a  face),  double-face  (Partial  duplication  of 

head).  In  this  there  are  indications  of  duplication  in  the  middle  line, 

but  the  corresponding  parts  have  coalesced  more  or  less,  so  that  while 
the  head  is  single,  the  parts  of  the  face  are  at  least  partly  doubled. 
In  the  lowest  degree  there  is  apparent  externally  only  a  broadening 
of  the  head,  and  there  is  no  doubling  of  external  parts,  although  the 
mouth  and  nasal  cavities  show  a  certain  amount  of  duplicity.  From 
this  there  are  successive  degrees,  the  double  parts  emerging  as  it 
were,  as  successive  stages  are  reached.  As  the  two  heads  are  applied 
laterally  the  eyes  and  nose  first  emerge,  and  then  the  ears.  Hence, 
beginning  with  the  lowest,  we  have  cases  ^^nth  two  eyes  {Diprosojms 
diophthalmus),  with  three  eyes  (triophthalmus),  with  four  eyes  (tetroph- 
thalmus),  with  three  ears  (triotus),  and  with  four  ears  (tctrotus). 

This  form  of  monstrosity  is  rare,  and  as  the  brain  and  fauces  arc 
usually  defective,  it  is  not  capable  of  life. 

2.  Dicephalus,  double-head  (Complete  division  of  head).— In  this  case 
(Fio-  3)  also  we  have  degrees  of  duplication  varying  from  cases  of  two 
heads  on  one  neck  to  those  in  which  the  body  is  also  to  a  large 
extent  doubled.  The  condition  of  the  arms  indicates  approxmiately 
the  extent  of  division  of  the  spinal  column  ;  hence  we  have  as  vanetu^ 
in  different  stages,  cases  with  two  arms  (Dicephalns  dihraclm^),  with 
three  arms  (tribacJiius),  and  with  four  arms  (tetrabrachin,).  There  are 
even  cases  in  which  an  additional  lower  limb  has  been  present  n,  a 
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rudimentaiy  state  {Dicephalus  tripus),  the  duplication  having  extended 
almost  throughout. 

These  forms  are  very  common,  forming  indeed  the  most  frequent 
double  monsters.  The  malformation  causes  great  difficulty  in  parturi- 
tion, but,  if  safely  delivered, 
the  monster  is  quite  capable 
of  life,  and  may  even  attain 
to  old  age. 

3.  Parasitic  forms  {One 
division  much  larger  than  the 
other). — As  in  the  case  of 
abcaudal  duplication,  so  here, 
one  of  the  halves  may  develop 
fully,  while  the  other  is 
dwarfed,  and  remains  as  an 
appendage  or  parasite. 

{a)  Epigastrius  (Smaller 
part  appended  in  front  of 
larger).— This  form  is  much 
rarer  than  the  corresponding 
one  in  abcaudal  duplication. 
There  is  a  head  and  part  of 
the  body  appended  to  the 
thorax  and  abdomen  of  a  fully  developed  foetus,  but  the  parasitic 
portion  is  dwarfed.    The  monstrosity  is  quite  consistent  with  life. 

(b)  Inclusio  foetalis.— To  what  extent  the  occasional  occurrence  of 
teratoma  inside  the  skull  or  in  the  mediastinum  may  be  due  to 
abcranial  duplication  with  imperfect  development  of  one  half  is  not 
known. 

4.  Supernumerary  arms.— As  in  the  case  of  supernumerary  legs  in 
abcaudal  duplication,  so  by  a  somewhat  similar  cause  we  may  have 
supernumerary  arms  produced  in  abcranial  duplication.  In  this  case 
the  spmal  column  is  single,  one  of  the  original  divisions  having  dis- 
appeared, but  the  primordial  limbs  of  both  divisions  remain.  As  in 
tne  former  case  also,  the  outer  limbs  of  each  division  develop  into  the 
become  r  .'V^'  individual.  Mobile  the  internal  or  adjacent  ones 
ZTartl  :i  ^PP^'^^^^g^^-  The  developed  arms  are  therefore  the 
appended  "'^^^  ^™  «f  left,  while  the 
(K  1                                       "gh^         the  right  of  the  left. 


Fig-  3.— Dicephalus.  Abcranial  fission.  (Glas- 
gow Huuterian  preparation.) 
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IV.— DUPLICATION  SIMULTANEOUSLY  ABCRANIAL  AND 

ABCAUDAL. 

This  will  present  many  of  the  features  of  complete  duplication,  but 
the  spinal  column  will  be,  in  part  at  least,  undivided.  There  will 
be  two  heads  or  the  indication  of  such  a  division,  and  four  legs  or 
indications  of  them.  The  "  Two-headed  Nightingale  "  is  a  monstrosity 
of  this  kind. 

v.— TRIPLE  MONSTERS. 
A  true  triple  monster  in  which  there  has  been  first  a  duplication 
of  the  one  extremity,  and  then  a  second  duplication  of  one  of  the 
parts,  is  very  rare.  In  one  authentic  case  there  were  three  heads 
(Tricephalus),  two  of  which  were  on  a  single  vertebral  column,  the 
cervical  vertebras  being  alone  divided,  while  the  other  had  a  separate 
column  to  itself.  A  case  of  triplication  in  which  two  of  the  foetuses 
were  parasitic  is  also  recorded.  The  remains  of  one  foetus  was  in  the 
abdominal  cavity,  and  that  of  the  other  was  appended  to  the  perineal 
region..  (See  Foerster,  Missbild.) 

VI.— REDUPLICATION  OF  PARTS. 
The  tendency  to  reduphcation  does  not  confine  itself  to  the  cerebro- 
spinal axis,  but  extends  to  the  individual  parts  of  the  body,  more 
especially  to  those  accessory  parts  which,  as  it  were,  bud  out  from 
the  main  body. 

Polydactylism  is  the  reduplication  of  the  fingers  and  toes,  a  some- 
what common  malformation.  The  lowest  degree  is  that  in  which  a 
small  appendage  is  attached  by  a  narrow  neck  to  the  outer  aspect 
of  the  hand  or  foot.  This  may  or  may  not  have  a  bony  phalanx.  In 
a  higher  degree  the  finger  has  an  independent  metacarpal  bone,  and 
even  an  added  carpal  one.  In  the  highest  degree  the  hand  or  foot 
has  nine  or  ten  fingers  or  toes.  The  multipHcation  may  affect  one 
hand  or  one  foot,  or  both  hands  or  both  feet,  or  all  the  four  menv 
bers  simultaneously.  When  individual  fingers  or  toes  are  divided  it 
is  most  frequently  the  little  one ;  next  to  that  the  thumb  or  great 
toe  and  very  seldom  one  of  the  intermediate  ones. 

ihese  malformations  are  remarkably  subject  to  hereditary  trans- 
mission. It  is  also  remarkable  that  supernumerary  digits  when  ampu- 
tated are  liable  to  grow  again.  (See  Darwin,  "Animals  and  Plants 
under  Domestication,"  vol.  ii.,  p.  14.)  . 

Multiplication  of  bones  and  mu,cle,.-Tl,e  coccyx,  composed  o 
th"  o,  fo„.  ill-fo,.n,«l  vctcLnc,  has  nine  primordial  vertebra,  .n  the 
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embryo.  A  persistence  of  these  would  give  rise  to  something  like  a 
true  Tail,  but  no  authentic  case  has  been  recorded  in  man  in  which 
bones  have  been  present  in  the  caudal  appendage.  The  vertebrae  may 
be  prolonged  as  a  membrane  from  the  coccyx  forming  a  core  to  a 
pi'otuberance,  but  sometimes  the  appendage  is  not  a  proper  tail  at 
all,  but  merely  a  cutaneous  projection. 

The  ribs  are  somewhat  frequently  reduplicated,  so  that  we  may  have 
cervical  or  lumbar  ribs. 

Reduplication  of  muscles  is  frequent,  and  some  anomalies  of  this 
kind  are  so  common  as  to  be  regarded  as  mere  varieties. 

'Supernumerary  mammae  are  perhaps  doubtfully  to  be  regarded  as 
instances  of  reduplication  of  parts,  as  they  may  be  rather  due  to 
reversion.  There  are  cases  of  three,  four,  and  five  mammae.  The 
extra  mammse  are  usually  near  the  proper  ones,  and  generally  under 
them,  but  there  are  cases  of  very  considerable  removal,  as  in  the 
inguinal  region,  or  on  the  back.  The  mamm*  may  be  represented 
only  by  nipples. 

Internal  organs  are  sometimes  reduplicated,  most  commonly  the 
spleen,  but  also  the  pancreas  and  other  organs. 


II.- MONSTROSITIES  BY  DEFECT. 

It  will  he  understood  that  we  have  here  to  do  with  the  more  general 
defects,  and  that  the  distinctly  local  ones  fall  under  their  respective 
special  sections.  In  studying  the  malformations  by  defect  we  have  to 
go  back  to  the  developing  embryo,  and  to  see,  in  interferences  mth  the 
expansion  and  development  of  parts,  the  causes  of  the  defects. 


A.— Defect  in  Size,  Dwarfing. 

Defect  in  size  of  the  hody  as  a  whole  results  in  the  production  of 
a  dwarf  Dwarfs  may  be  well  formed  although  diminutive  in  size 
generally,  however,  the  head  is  disproportionately  large,  and  sometimes 
lh2\'7T'^' l""  comparison  with  the  body  as  to  give  the  body  as  a 
Whole  a  deformed  appearance.  The  body  is  also  sometimes  deformed, 
and  mav  ^  T''^''  ^^"^'^^  ^^^^  frequently  good  health, 

adult  :  The  usual  height  of  fwarfs  in  th^ 

in  th?elem'ties^  tT''  P'""''  ''^'''^^^y 

-Lhe  extremities  may  be  well  formed,  but  defective 
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in  size.  This  may  affect  all  four  limbs,  micromelus,  or  the  arms, 
microbrachius,  or  the  legs,  micropus.  The  head  is  often  small  in  idiot 
children,  Microcephalus,  and  the  brain  is  correspondingly  dwarfed. 
There  may  be  defect  in  individual  parts  of  the  brain,  as  the  cereljellum. 
(See  under  Nervous  System.)  The  face  is  sometimes  at  birth  dwarfed 
on  one  side,  Hemiatrophy,  this  apparently  depending  on  some  affection 
of  the  brain.    The  intestine  may  be  abnormally  short. 


B.  Defects  in  the  Formation  of  Parts. 

These  lesions  consist  in  the  incomplete  closure  of  the  arches  in  front 
or  behind,  or  in  defective  formation  of  the  limbs  or  other  parts.  It  is 
to  be  remembered  that,  in  the  embryo  the  original  blastoderm  gives 
origin  to  three  layers,  the  upper  and  lower  of  which  (ectoderm  and 
endoderm)  develop  laterally  and  form  arches  on  either  side,  which  are 
destined  to  close  in  the  middle  line  on  the  dorsal  and  ventral  aspects. 
There  are  thus  the  dorsal  or  neural  arches,  and  the  ventral  or  ^dsceral 
ones,  either  of  which  may  remain  unclosed  in  the  middle  line. 

Causation.— Although  the  causation  is  obscure  in  many  cases,  yet 
the  constancy  of  some  of  the  resulting  forms  shows  that  common 
influences  have  been  at  work.  Of  these  influences,  dropsy  of  the 
cerebro-spinal  canal,  as  a  cause  originating  in  the  fojtus,  and  uiterfer- 
ence  by  the  amnion  having  an  external  origin,  seem  to  be  the  most 
potent. 

1   Causes  in  the  foetus  itself  are  mainly  of  two  knids,  namely,  want 
of  energy  in  the  formative  powers,  and  disease  in  the  foetus,  chietlj^ 
di^opsy,  calculated  to  interfere  with  the  closure  in  the  middle  hue  of 
the  neural  or  ventral  arches.    It  is  difficult  to  assign  their  c  ue  places 
to  each  of  these  causes.    In  the  case  of  defect  in  the  cerebro-spmal 
canal,  there  are  cases  of  extreme  defect  of  the  neural  arches,  mcludmg 
nerve  structures,  bones,  and  integuments  such  as  to  suggest  a  prnnary 
defect  in  the  formative  power.    On  the  other  hand  over-cbstension  of 
the  closed  neural  canal  (ultimately  represented  by  the  ventricles  of  the 
Z2  and  the  central  canal  of  the  spinal  cord)  by  flmd,  constituting  a 
dropsy,  is  not  uncommon,  and  if  it  occur  early  it  may  interfere  with 
the  cbsure  of  the  enveloping  structures,  the  bones  and  soft  parts. 
Xli^i  the  dropsy  may  be  such  as  to  lead  to  rupture  of  the  canal,  n 
th  h  case  the're^wilf  be  a  secondary  incompleteness  of  tl.  neura 
canal  as  well  as  of  the  enveloping  structures.    Opmions  <liftei  a.  to 
th   par   taken  on  the  one  hand  by  imperfect  formative  power,  and 
on  the  otter  by  dropsy  and  rupture  in  the  production  of  these  mal- 
foiTiiations. 
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111  regard  to  the  ventral  arches  the  question  of  causation  in  the 
fcetus  itself  is  also  obscure.  Dropsy  does  rot  seem  so  frequent  here, 
but  rupture  of  the  allantois  from  dropsy  is  probably  the  cause  of 
defects  in  the  closure  of  the  abdomen  below  the  umbilicus. 

2.  Influence  of  the  Amnion. — The  amnion  may  be  the  agent  in 
producing  malformations  in  two  ways,  namely,  by  adhesion  to  the 
developing  parts,  or  by  pressure  on  the  parts  so  as  to  hinder  their 
growth.  The  amnion  is  formed  by  a  backward  projection  of  a  double 
layer  from  the  blastoderm 
close  to  the  embryo.  This 
occurs  first  at  the  cephalic 
end,  and  then  a  very  little 
later  at  the  caudal  extremity. 
The  projecting  folds  come 
together  behind  so  as  to 
enclose  the  embryo  in  a 
sac,  in  which,  however,  the 
anterior  (or  ventral)  aspect 
is  not  included.  The  embryo 
gradually  sinks  into  this 
sac  as  the  amnionic  fluid 
accumulates. 

The  developing  amnion 
is  most  closely  related  to 
the  cephalic  and  caudal  ends 
of  the  embryo,  and  any 
defect  or  lesion  referable  to 
it  will  aft'ect  particularly  the 
head  and  especially  the 
face,  or  the  pelvis  and 
lower  limbs.  Adhesion  of 
the  amnion  to  the  embryo  will  necessarily  interfere  with  the  active 
cells  in  their  constructive  process. 

As  the  adhesion  of  the  amnion  is  an  accidental  circumstance,  the 
resulting  lesions  are  likely  to  have  an  irregular  character.  This  is 
shown  ni  Fig.  4.  In  this  case  the  amnion  is  seen  to  be  adherent  not 
oidy  to  the  head,  but  to  the  heart,  which  is  drawn  out  of  the  body 
with  Its  apex  upwards.  There  is  great  defect  in  the  head  and  trunk, 
Clue  to  imperfect  closure,  and  there  is  protrusion  of  brain,  heart,  liver, 
stomach,  and  the  greater  part  of  the  intestine.  Again,  an  amnionic 
adhesion  may  be  drawn  out  into  a  cord,  and  this  by  constricting  parts, 
suci  as  the  neck  or  li^bs,  may  lead  to  strangulation,  imperfect 


Pig.  4. — Adhesion  of  Amnion.  Protrusion  of  brain, 
heart,  liver,  stomach,  and  intestine.    (W.  I.  M.) 
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■development,  or  even  to  amputation  of  parts.  But,  further,  the  mere 
non-expansion  of  the  amnion  may  by  its  close  contact,  wathout 
adhesion,  seriously  interfere  with  the  development  of  parts,  and  may 
have  the  effect  of  destroying  certain  of  the  developing  structures. 
This  may  explain  certain  defects  of  the  face,  such  as  cyclopia  and 
agnathia.  It  also  explains  the  various  degrees  of  deformity  of  the 
lower  extremities  included  in  the  group  of  siren-malformations. 

It  is  to  be  remembered  that  these  interferences  by  the  amnion  are 
likely  to  occur  at  an  early  period,  when  it  is  in  process  of  formation 
or  shortly  after.  At  these  early  periods  a  minute  group  of  cells 
may  represent  a  considerable  portion  of  the  future  body,  and  a  slight 
interference  may  lead  to  marked  deformity.  It  Avill  be  noted  also 
that  the  defects  will  be  mostly  in  the  middle  line. 


I.  EXTREME  DEFECT  IN  TWIN  FGETATION.  ACARDIACI. 

In  cases  of  two  embryoes  originating  from  one  ovum,  which,  as 
already  described,  gives  rise  to  homogeneous  twins,  separate  or  united, 
one  of  the  embryoes  may  develop  normally  whilst  the  other  is  faulty. 
In  the  case  of  ordinary  homogeneous  twins  there  is  only  one  chorion, 
■and  consequently  a  single  placenta,  but  each  foetus  has  its  own  district. 
It  may  happen  that  one  of  the  embryoes,  by  reason  of  greater  vigour 
in  its  cardiac  contractions,  may  largely  monopoUze  the  placenta,  and 
,so  cause  atrophy  or  death  of  the  other,  or  death  may  occur  from 
•other  causes.  In  either  case  the  defective  or  dead  foetus  is  crushed 
by  the  vigorous  and  growing  one,  and  is  flattened  out  and  atrophied. 
At  the  period  of  birth  there  may  be  only  the  parchment-like  remains 
of  the  defective  twin,  the  so-called  Foetus  papyraceus,  which  is  gener- 
aWy  born  subsequent  to  the  perfect  one. 

Again,  in  a  twin-foetation  one  of  the  embryoes  may  completely 
monopolize  the  placenta,  this  occurring,  according  to  Ahlfeld,  by  a 
more  vigorous  growth  of  the  allantois  in  the  one,  so  that  it  takes  up 
the  whole  chorion  to  the  exclusion  of  the  other.  The  allantois  of  the 
less  vigorous  embryo  may  attach  itself  to  the  placenta  of  the  other,  or 
even  to  the  umbilical  cord,  and  the  foetus,  although  completely  separate 
from  the  other,  will  depend  on  it  for  its  blood  supply,  and  will  oidy 
receive  blood  which  has  passed  through  the  body  of  the  more  vigorous 
twin.  The  result  is  an  exceedingly  defective  formation,  which  may  I)e 
in  various  degrees.  As  the  circulation  is  carried  on  by  the  more 
perfect  twin,  the  defective  one  has  no  proper  heart,  hence  this  group  is 
frequently  designated  Acardiacus.  According  to  Hirst  and  Iiersol, 
there  is  sometimes  a  rudimentary  heart.    Hence  they  suggest  the  name 
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Omphalosite  (o/^t^aXds  =  umbilicus),  as  the  monster  is  attached  by  the 
umbilical  cord  to  the  other. 

A  different  origin  for  these  forms  has  been  suggested  by  Cleland.  He  supposes 
an  abcaudal  or  abcranial  fission,  and  that  the  smaller  part  has  been  broken  off  from 
the  larger  so  as  to  become  independent. 

Acephalus. — This  form  presents  various  degrees  of  development  of 
the  body  and  limbs.  There  may  be  only  pelvis  and  legs,  or  there  may 
be  part  of  the  vertebral  column,  and  even  thorax  and  arms.  The  legs 
and  arms,  if  present,  are  often  coalesced.  There  may  even  lie  some 
trace  of  cranial  bones.    The  lungs  and  heart  are  always  absent. 

Acormus  {Smaller  part  completely  separated). — In  this  form  the 
separated  portion  consists  of  a  head  either  'vvith  no  spinal  column  or 
a  short  piece.  The  head  itself  is  ill  formed,  the  parts  frequenth^  much 
altered.  The  umbilical  cord  proceeds  from  the  neck.  There  is,  of 
course,  no  heart,  as  there  is  no  trunk. 

Amorphus. — In  this  form  there  is  a  rounded  mass  covered  Avith  skin, 
and  showing  externally  no  indication  of  parts  of  the  body.  It  contains 
internally  fat  and  connective  tissue,  -with  a  rudimentary  vertebral 
column.  Sometimes  there  is  more  of  an  approach  to  human  form, 
and  the  mass  contains  distinguishable  rudimentary  parts  of  the  body. 


II.  DEFECTS  INVOLVING  THE  HEAD  AND  SPINAL  COLUMN. 

As  already  indicated,  there  are  various  degrees  of  this  defect.  It  is 
important  to  bear  in  mind  that  we  may  have  a  more  or  less  complete 
absence  of  the  bone  and  cutaneous  structures  which  cover  in  the 
nervous  system,  so  that  the  imperfect  remains  of  the  latter  are  exposed. 
In  this  case  we  speak  of  the  lesion  as  open,  and,  if  the  condition  is 
present  in  the  head  we  use  the  term  Cranioschisis,  and  if  it  l)e  in  the 
spinal  canal,  Rhachischisis.  On  the  other  hand,  the  cutaneous  cover- 
ings may  be  virtually  complete,  although  the  bones  are  usually 
defective.  In  this  case  the  lesion  is  closed.  There  is  commonly  in 
these  forms  a  tumour-like  protrusion  of  the  nervous  structure's  or 
then'  membranes,  a  condition  expressed  by  such  terms  as  Encepha- 
locele,  Syringocele,  etc.  Besides  these,  there  are  less  regular  defects, 
some  of  which  owe  theii'  origin  to  adhesion  or  constriction  of  the 
amnion. 


_  I.  Anencephalus  {Cranioschisis). —This  name  implies  that  the  lirain 
13  absent.  It  arises  by  a  non-closure  of  the  medullary  canal  or  an  early 
rupture  of  it. 

The  child  is  often  born  at  the  full  time,  and  the  trunk  and  limbs  are 
usually  well-developed.    But  the  vault  of  the  cranium  is  absent,  and 
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the  base  of  the  skull  exposed  (see  Fig.  6).  The  base  is  occupied  by- 
loose  memlwane  in  which  there  may  be  some  cysts.  Occasionally  there 
is  a  vestige  of  brain,  with  perhaps  a  small  cavity  communicating  with 
the  surface,  in  which  case  the  early  defect  has  been  limited  and  has 
allowed  of  some  development  of  the  brain.  The  membrane  at  the  base 
represents  arachnoid  and  pia  mater  turned  aside,  with  the  ventricles 
exposed.  In  some  cases  there  is  a  sac  occupying  the  place  of  the 
brain,  and  representing  the  distended  but  unruptured  ventricles.  The 
absence  of  the  cranial  vault  renders  the  eyes  unduly  prominent  as  they 
project  at  the  edge  of  the  open  skull  (see  Fig.  5),  giving  the  head  the 
appearance  of  a  toad,  from  which  the  malformation  is  sometimes  called 
popularly  ToacVs  Head. 


Fig.  5.— Anencephalus.    (W.  I.  M.) 


Fig.  (i. — Anencephalus  in  medi.in  section. 
The  cleft  passing  horizontally  and  downwards 
from  right  to  left  is  the  mouth  and  fauces,  with 
tongue  below  and  palate  and  nares  above. 
The  bodies  of  the  vjrtebra;are  surmounted  by 
the  bones  of  the  base  of  the  skull  seen  in 
section.    (W.  I.  M.) 


The  cranium  shows  almost  complete  absence  of  the  fiat  bones  of  the 
vault,  a  shortening  of  the  base  and  an  angular  curvature  between  the 
sphenoid  and  occipital  bones  (see  Fig.  6).  In  view  of  the  open  state 
of  the  cranium  anencephalus  is  sometimes  designated  Cramoschisis  or 
Acrania.    The  malformation  is  often  combined  with  a  similar  lesion  of 

the  spine  (spina  bifida). 

2  Encephalocele,  Hernia  cerebri.— In  this  case  the  brain  or  a 
portion  of  it  projects  outside  the  skull  (see  Figs.  7  and  Th^^'^ 
may  be  distension  of  the  ventricles  in  the  extruded  part  {Hydren- 
cephalocele)  or  there  may  not.  It  arises  by  dropsy  of  the  ventricles 
without  rupture. 
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In  the  more  extreme  cases  (as  in  Figs.  7  and  8),  the  cranial  bones 
are  flattened  down  so  as  to  form  a  very  diminutive  cranial  cavity, 
while  the  brain,  sometimes  nearly  of  full  size,  lies  outside,  communi- 
cating Avith  the  interior  through  an  aperture  in  the  bones.  In  this 
case  there  has  been  at  an  early  period  a  partial  dropsy,  which  has 
caused  displacement  of  the  brain,  and  there  is  often  evidence  of  this 
in  the  presence  of  two  or  three  vesicles  in  the  diminutive  cranial 
cavity.  Cleland  has  shown  that  these  vesicles  sometimes  represent 
dropsical  olfactory  lobes  with  infundibula,  which  have  pushed  back- 


Fig.  7.— Eucephalocele.   (W.  I.  M.) 


wards  the  cerebral  hemispheres,  the  latter  at  the  period  concerned 
l^enig  of  small  size.  In  other  cases  the  extruded  brain  is  hydro- 
cephahcs  and  sometimes  there  is  little  more  than  a  sac  containing 
fluid  (sometimes  called  Meningocele).  ^ 

orl^t'  t^f'V^'^l  protrusion  is  most  commonly  behind  the  occiput 
anterior     T  ^^'^^^^^'^^^ng  eucephalocele  posterior  or 

front  0  for  bXcl  tir      V^'^'T'         ^"'"^^^^^^  ''^^''^  ^ 

or  downward  i  to  tt  '"I  '""'^  '''''  "P^^'^'^^' 

3  CvPlnn^  sphenoidal  sinus,  the  nares  or  mouth. 

orbital'S;  \n7f'"^'^r'''  '"'^''^       ^  ''''^'^ 

^       ''It  middle  hue,  containing,  in  some  cases,  only  a 


50 


TERATOLOGY — GENERAL  MALFORMATIONS. 


rudiment  of  the  eyeball  (Fig.  9),  in  others  a  fully-developed  globe,  or 
it  may  be  two,  close  together.     There  is  no  retina  in  the  eyeball, 


(W.  I.  M.) 

Which  consists  alone  of  parts  developed  from  .vithont.  The  cerebrum 
consists  of  one  mesial  portion,  containing  a  snigle  ventricle. 

According  to  Cleland  there  is  here  a  dropsy  of  the  roof  of  the 
thalamencephalon,  including  the  pineal  body.    The  enlargement  of 


At   f  «f  tliP  anterior  cei-cbral  vesicle,  and  by  its 
these  parts  causes  defect  of  the  antei  or  ^ 
pressor  also  interferes  with  the  development  of  the  face. 


SPINA  BIFIDA. 
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4.  Agnathia. — This  constitutes  a  still  further  defect  of  the  face, 
apparently  from  a  similar  cause.  In  it  the  lower  jaw  is  deficient 
and  the  ears  are  brought  close  together  so  as  to  touch  one  another 
below.  This  may  be  associated  with  Cyclopia,  in  which  case  the 
brain  is  defective  as  in  that  foi-m  of  lesion,  although  otherwise  the 
upper  part  of  the  face  and  the  brain  are  unaffected. 

5.  Spina  bifida. — In  this  condition  the  arches  of  the  vertebras  are 
usually  more  or  less  incomplete,  and  there  is  frequently  a  tumour 
projecting  whose  internal  cavity  communicates  with  the  spinal  canal. 
But  this  tumour  is  absent  in  certain  forms,  and  the  condition  may 
be  divided  into  those  cases  in  which  the  vertebral  canal  is  open  without 
tumour,  and  those  in  which  there  is  a  tumour.  The  condition  is 
commonest  in  the  lumbar  region  and  next  to  that  in  the  cervical,  these 
being  the  seats  of  sharp  ciu-vatures  in  the  embryo. 

(a)  Open  spina  bifida  {Ehachischisis). —This  form  is  strictly  compar- 
able with  anencephalus,  with  which  it  is  often  associated.  The  medul- 
lary canal  has  never  been  completed  or  an  early  rupture  has  occurred. 
Accordingly  the  integuments  have  not  been  carried  to  the  middle  line 
behind,  and  the  arches  of  the  vertebraj  are  wanting,  so  that  the  verte- 
bral canal  is  exposed,  covered  only  with  a  membrane.  This  membrane 
is  continuous  laterally  with  the  skin.  The  exposed  canal  does  not 
even  form  a  gutter ;  it  is  flattened  out  and  shows  at  most  a  slight 
groove,  but  is  frequently  convex  posteriorly.  The  surface  of  the  mem- 
brane represents  the  internal  surface  of  the  medullary  canal,  that  is  to 
say,  the  central  canal  of  the  spinal  cord,  and  the  cord  itself,  to  the 
extent  of  the  lesion  of  the  spine,  is  absent  or  present  as  a  mere  trace, 
like  the  brain  in  anencephalus.  In  a  case  described  by  Cleland  the 
membranous  surface  was  continuous  with  a  dilated  central  canal,  thus 
provmg  that  the  former  is  really  the  open  central  canal.  Although  the 
cord  IS  absent,  the  spinal  nerves  are  present,  arising  from  the  membrane 
in  an  inner  and  an  outer  series,  representing  the  anterior  and  posterior 
roots. 

Ehachischisis  is  often  associated  with  anencephalus,  in  which  case  it 
attccts  the  upper  part  of  the  spine  or  its  whole  length,  the  condition 
bemg  mconsistent  with  life.  On  the  other  hand,  it  may  affect  a  limited 
rptro^iT  '^'  T"  P'''  '''^S  P^°d^««d  by  a  local 

drZv^lZ  ^'^^  ""'^^  tumour.-In  this  case  there  is  a  persistent 
able%vith  h  J        T      ^  P°'^^^"  «^  ^  condition  compar- 

mth  hydrcncephaloccle.    The  dropsy  may  be  of  the  central  canal 
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of  the  cord  {syringocele  or  myeloq/stocele),  or  merely  of  the  meninges 
{meningocele),  or  the  cord  may  be  carried  outwards  with  the  protrusion 
{myelomeningocele).  In  the  syringocele  or  syringomyelocele  the  central 
canal  is  expanded  so  as  to  form  the  internal  lining  of  the  sac,  and  the 
spinal  cord  may  be  atrophied  or  partially  preserved.  The  nerve  roots 
arise  in  front  of  the  sac.  In  the  meningocele  and  myelomeningocele 
the  fluid  is  in  the  subarachnoid  or  arachnoid  space,  usually  the  latter, 
and,  according  to  its  seat  in  relation  to  the  circumference  of  the  cord, 
will  be  the  condition  of  the  cord  itself  and  the  nerve  roots.  The 
nerves  may  lie  in  front  of  the  sac,  or  may  arise  within  it  and  course  in 
its  walls. 

Spina  bifida  with  tumour  may  occur  in  any  part  of  the  spine,  but 
is  most  common  in  the  lumbo-sacral  region.  (See  under  Affections  of 
the  Nervous  System.) 


III. -DEFECTIVE  COALESCENCE  OR  CLOSURE  OF  PARTS  IN  FRONT. 

In  the  completion  of  the  parts  in  front,  the  visceral  arches  grow  for- 
ward, and,  for  the  most  part,  coalesce  in  the  middle  line  in  a  fashion 
simikr  to  that  of  the  neiu-al  arches  on  the  dorsal  surface. 

1.  Facial  clefts.— The  face  and  neck  (see  Fig.  10),  are  partly  formed 

by  the  subcranial  and  branchial 
arches,   which   variously  imite 
with  each  other  and  vnth  the 
fronto-nasal  process.   In  all  these 
there  are  possibilities  of  non- 
union, and  so  we  have  ^^arious 
forms  of  clefts.    The  incomplete 
closure  may  arise  by  abnormal 
protrusion  of  the  viscera  pre- 
venting closure   in   front,  the 
cause  of  such  protrusion  being  in 
some  cases  dropsical  accumula- 
tions, more  especially  in  the  case 
of  the  thorax  and  abdomen  ;  but 
it  may  also  be  due  to  interfer- 
ence, by  adhesion,  or  otherwise, 
with  the  amnion  or  allantois. 
The  most  extreme  case  is  that  in 
which  the  fronto-nasal  and  the 


r 


Fig.  lO.-Head  of  embryo.    From  (iuain  (aftei 
His!  f.  n.  v.,  fronto-iiiisal  procoss.    5"-  C,''''^! 
S^obul-ar  extremity  of  same.    i.  n.  pr.,  lateral 
nasal  process,    m.  x.,  maxillary  process, 
mandibular  arch. 
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ite  middle  part  a  largo  opening,  wind,  to  .i  g.eatei 
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replaces  nose  and  ujDper  jaw,  recalling  the  embryonic  condition  shown 
in  Fig.  10,  and  in  some  cases  also  involves  orbits  and  lower  jaw. 
This  condition  is  called  Aprosopus  or  ScMsto-prosopus. 

Less  degrees  of  it  ai-e  shown  in  Cleft  palate  and  Harelip.  The 
fronto-nasal  process  forms  the  central  part  of  the  upper  lip  and  of 
the  alveolar  process  of  the  upper  jaw.  Hence,  in  these  parts,  the 
line  of  union  is  on  either  side  of  the  middle  line,  while  in  the  palate 
it  is  mesial.  The  cleft  in  the  lip  and  alveolar  process  is  therefore 
lateral  and  that  in  the  palate  mesial.  All  degrees  of  non-union  exist, 
from  complete  fissure  of  the  palate,  with  cleft  of  the  alveolus  and 
lip  on  each  side,  to  the  slightest  notch  on  one  side  of  the  upper  lip. 
These  defects  date  back  to  the  third  month  of  foetal  life,  at  which 
period  the  closure  ought  to  occur. 

2.  Congenital  fistula  in  the  neck  (Fistula  colli  congfmHa). —This 
arises  by  imperfect  closure  of  the  lateral  aspects  of  the  branchial 
arches.  There  is  a  small  aperture,  only  sufficient  to  admit  a  small 
probe  or  bristle,  usually  situated  half  an  inch  to  an  inch  above  the 
sterno-clavicular  articulation,  more  rarely  further  upwards  and  out- 
wards, or  in  the  middle  line.  The  aperture  leads  into  a  canal  which 
is  directed  towards  the  pharynx  or  oesophagus,  and  may  commiuiicate 
Avith  one  or  other  of  these.  It  is  stated  that  the  fistula  may  com- 
municate with  the  larynx,  but  this  is  doubtful  (Karewski).  The 
fistula  is  lined  with  mucous  membrane,  and  mucus  may  be  dis- 
charged at  the  orifice.  There  is  usually  one  fistula  which  is  most 
frequently  on  the  right  side  or  in  the  middle,  but  occasionally  there 
are  two  symmetrically  placed. 

Occasionally,  from  a  similar  origin,  we  have  Cysts  in  the  neck 
without  external  aperture.  These  may  be  filled  with  serous  fluid 
{Congenital  hydrocele  of  the  neck),  or  may  have  a  more  epidermic 
structure  and  contents,  so  as  to  constitute  Dermoid  cysts.  By  the 
bursting  of  these  latter,  or  after  opening  by  the  surgeon,  a  fistula 
may  remam,  this  being  one  of  the  ways  in  which  the  fistula  colli 
congenita  may  originate. 

3.  Defective  closure  of  thorax  {Fiss^tra  si„-nz).-There  are  various 
fiegiees  of  this,  and  various  combinations  with  defect  of  the  anterior 
abdominal  wall,  the  highest  degree  being  a  complete  cleft  of  thorax 

ex  rndo?T"-  '^'""'^^^  generally 

tte  h   i    "  •  '""'^^          ^^'^'^           of  the  sternunf, 

the  W            1  ^"  *hi«  ^°t°Pia  ^O^'iis 

inlle  of  rl^'r  ""''^^         — "-^"^g  the 

vessels.    The  hearT  ts^i^  '  "'T'  ^''^^ 
neart  itself  is  usually  malformed.    Sometimes  the  heart 
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lies  at  the  root  of  the  neck,  the  manubrium  being  cleft.  Sometimes 
ectopia  cordis  occurs  without  any  cleft  in  the  sternum,  in  which  case 
the  heart  lies  in  the  neck  or  in  the  epigastrium,  in  the  latter  case 
projecting  through  an  aperture  in  the  diaphragm.  These  facts  indi- 
cate a  displacement  by  pressure  from  behind,  and  probably  the 
whole  phenomena  are  due  to  dropsy  of  the  pleural  cavity  at  an 
early  period. 


4  Defective  closure  of  abdomen  {Fissura  ahdmiimlis) -It  is  to  be 
remembered  that  in  the  early  fcetus  the  anterior  wall  has  a  great 
gap  to  give  transit  to  the  umbilical  vesicle  and  the  allantois  and 
IZt  it  iS  by  the  gradual  contractior.  of  these  structures  that  c  osure 
L  rendered'possiHe.  As  noted  above,  defectn-e  d^^^^^^^^^  t 
abdomen  is  sometimes  associated  with  defect  of  the  thoiax.  In 
:omplI  fissure  of  thorax  and  abdomen,  as  there  is  no  umb.hcus. 
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there  is  usually  no  proper  umbilical  cord,  and  the  vessels  pass 
directly  from  the  placenta  by  the  amnion  to  the  cleft  in  the  abdomen. 
The  proper  abdominal  fissure,  in  its  highest  degree,  extends  from  the 
ensiform  cartilage  to  the  pubes.  In  that  case  the  viscera  are  extruded, 
the  urinary  bladder  is  cleft,  and  the  genital  organs  are  absent  or 
defective.  Sometimes  the  defect  is  less,  and  the  abdominal  contents 
lie  outside  the  abdomen  in  a  large  hernial  sac  (see  Fig.  11).  The 
umbiHcal  cord  is  usually  absent,  and  the  placenta  is  directly  in  contact 
mth  the  sac,  the  vessels  traversing  the  latter  to  reach  the  abdomen. 
Two  special  forms  merit  more  particular  attention. 

(a)  Hernia  of  the  umbilical  cord  (Hernia  funiculi  umhilicalis). — This 
is  really  a  minor  degree  of  the  condition  last  mentioned.  There  is, 
at  the  seat  of  the  umbilicus,  a  rounded  tumour,  from  the  distal  ex- 
tremity of  which  the  cord  passes  off,  there  being  no  proper  umbilicus. 
The  tumour  consists  of  a  peritoneal  pouch  which  is  protruded  through 
the  abdominal  wall.  There  is  an  aperture  in  the  wall  of  the  abdomen, 
and  the  peritoneal  pouch  is  covered  with  amnion,  which  is  continuous 
on  the  one  hand  with  the  surface  of  the  abdomen,  and,  on  the  other, 
wath  the  surface  of  the  umbilical  cord.  The  hernia  is  one,  there- 
fore, of  the  umbilical  cord,  and  not  simply  of  the  umbilicus.  When 
the  cord  drops  off,  the  amnion  goes  with  it  and  the  peritoneal  sac 
is  exposed.  If  the  tumour  be  large  it  will  become  gangrenous,  and 
the  patient  will  rapidly  succumb.  Even  if  the  tumour  be  small  the 
exposure  generally  results  in  fatal  peritonitis,  and  it  is  onlj^  excep- 
tionally that  the  gap  in  the  abdomen  is  closed  by  healing. 

{h)  Fissure  of  the  bladder  {Invemio  s.  extroversio  vesicce). — In  this 
condition  the  abdominal  wall  between  umbilicus  and  pubes  is  incom- 
plete. The  allantois  has  failed  to  close  completely  inside  the  abdomen 
so  as  to  form  the  urinary  bladder,  and  the  lateral  borders  of  the  latter 
are  adherent  to  the  sides  of  the  cleft,  while  the  anterior  wall  is  entirely 
absent.  The  posterior  wall  of  the  bladder  therefore  fills  the  cleft,  and 
as  It  IS  pushed  forward'  by  the  abdominal  viscera  it  protrudes  as  a 
soft  red  area  of  mucous  membrane,  which  readily  bleeds,  and  on  the 
surface  of  which  the  ureters  open.  At  the  upper  end  of  the  cleft  is 
the  umbilicus,  which  is  frequently  displaced  downwards.  The  con- 
ditions shown  in  Fig.  ,  11  are  those  of  extroversio  vesica3  such  as  occur 
without  the  more  complete  fission  shown  in  that  illustration. 

The  defect  generally  extends  to  the  parts  below.  The  pubic  bones 
'i^t  meet  in  the  middle  line,  the  rami  ending  in  rounded  lateral 
prominences.  In  the  female  the  urethra  is  usually  absent  as  well  as 
clitoris,  and  sometimes  the  vagina  is  defective  or  absent.  In  the 
ma  e  there  is  a  rudimentary  penis,  which  is  not  traversed  by  a  urethra, 
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but  preseuts  on  its  upper  surface  a  deep  groove  which  represents  the 
cleft  urethra. 

(c)  Minor  degrees  of  incomplete  closure  in  front. — The  cleft  may 
confine  itself  to  the  upper  part  of  the  bladder,  which  presents  itself 
as  a  red  protrusion  just  beneath  the  umbilicus,  the  parts  below  being 
perfect.  A  still  less  degree  is  a  simple  persistence  of  the  urachus, 
which  then  forms  an  open  communication  Ijetween  the  liladder  and 
the  surface  at  the  umbilicus.  We  may  also  have  a  Cyst  of  the  urachus 
from  expansion  of  a  partially  obliterated  \irachus. 

On  the  other  hand  it  may  be  the 
lower  part  which  is  defectiA's,  the 
urinary  bladder  being  well  formed, 
but  the  urethra  cleft  and  othermse 
imperfect.  In  the  male  this  con- 
stitutes Epispadias.  The  penis  is 
short  and  cleft  on  its  dorsum,  the 
urethra  forming  here  a  deep  groove. 
The  groove  ends  posteriorly  in  an 
aperture  which  communicates  -svith 
the  bladder  beneath  the  pubes. 

The  causation  of  these  malforma- 
tions is  obscure.  It  may  be  that 
there  is  a  simple  failure  in  the 
formative  material  of  these  parts, 
or  that  an  over-distension  of  the 
allantois  has  prevented  a  proper 
closure. 


IV.— ABNORMAL  CLOSURE  OR 
DEFECT  OF  ORIFICES  AND 
CANALS. 

Some  of  these  are  local  and  fall 
^■^^:^T^^^<^  ^"ider    their    special   sections,  but 

separated  from  anal  part  by  a  complete  jg   ^j^g  iovm   which   haS  mOrC 

.septum,    c,  Urinary  bladder. 

general  results. 

Imperforate  anus  with  persistence  of  cloaca.-Up  to  the  fifth 
week  of  embryonic  life  there  are  no  external  openings  for  the 
intestine  and  urino-genital  organs.  The  rectum  is  still  closed  below, 
but  communicates  with  the  allantoi-s,  which  forms  a  common  opening 
for  the  intestinal,  urinary,  and  genital  passages,  and  is  itself  still 
open  through  the  imperfect  abdominal  wall  in  front.  This  condition 
may  persist  in  a  greater  or  less  degree. 
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The  most  extreme  form  is  where,  along  with  imperforate  anus,  there 
is  fissure  of  the  abdomen  and  bladder,  a  combination  of  the  conditions 
described  in  last  section  with  that  now  under  consideration.  In  some 
cases  the  colon  is  deficient,  and  the  ileum  may  communicate  with  the 
extroverted  bladder.   Such  conditions  are  hardly  compatible  with  life. 

In  the  simpler  forms  there  is  imperforate  anus  and  the  intestine 
communicates  with  urinary  or  genital  passages.  The  communication 
may  be  with  the  vagina  {anus  vaginalis),  or  with  the  urethra  (anus 
urethralis),  or  with  the  urinary  liladder  [anus  vesicalis).  The  com- 
munications may  be  very  small,  so  that  continuance  of  life  is  impossible 
from  accumulation  of  fteces,  but  there  may  be  fuller  communication, 
and  sometimes  the  condition  is  surgically  remediable. 

Simple  imperforate  anus  may  be  a  simple  absence  of  the  aperture, 
but  in  many  cases  there  is  also  a  defect  of  a  portion  of  the  rectum. 
The  latter  condition  may  exist  while  the  anus  is  perfectly  formed 
(Fig.  12).    (See  further  on  under  Intestine.) 


v.— ABSENCE  OR  DEFECT  OF  THE  EXTREMITIES. 

Defective  formation  of  the  extremities  may  be  due  to  a  failure  in  the 
inherent  powers  of  the  germinal 
matter  which  forms  these  parts, 
or  to  mechanical  interference. 
Where  there  is  a  symmetrical 
defect,  then  Ave  may  presume 
that  there  has  been  a  failure  in 
the  material  destined  for  the 
limbs,  whereas  a  non-symmetrical 
deformity  is  probably  due  to  a 
local  interference.  As  the  limbs 
form  by  lateral  expansion,  they 
are  more  likely  than  other  parts 
to  come  in  contact  Avith  the 
amnion  and  the  umbilical  cord, 
or  with  any  band  or  bridge 
which  may  have  accidentally 
formed.  There  may  even  be 
an  amputation  of  a  limb  by  the 
cord  or  a  band.  Various  forms 
are  descriljcd. 

absenc^e'lrn°^^"  liinbs.-(«)  Amehs  (/.eAo.  =  a  limb),  or 

01  all  the  extremities.    The  body  is  usually  well  formed,  but 


Fig.  13.— Poroniclus. 


foctive 


The  fuui' cxtreinitio.s  do- 
(GlaHgow  Hiinteriiui  proiwinitioii.) 
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at  the  shoulders  and  hips  there  are  short  rounded  or  warty  projections, 
at  the  ends  of  which  there  may  be  horny  or  nail-like  appendages. 
Sometimes  there  are  ill-formed  bones  present. 

(6)  Peromelus  (ttjjpo's  =  maimed).  The  whole  four  extremities  are 
defective  or  deformed  (Fig.  13).  The  body  may  be  well  formed,  but 
sometimes  the  deformity  is  associated  with  other  malformations  which 
prevent  the  persistence  of  life. 

(c)  Phocomelus  (^w/cr;  =  a  seal).  This  is  a  variety  of  the  former,  in 
which  the  long  bones  are  absent  or  very  defective,  and  the  hands 
and  feet  are  seated  immediately  on  the  shoulders  and  hips  and  are 
well  formed. 

2.  Defect  of  the  arms.— (a)  Abrachius.  The  upper  extremities 
absent,  while  the  lower  are  developed. 

(b)  Perobrachius.  Both  arms  are  defective.  The  long  bones  may  fail 
and  the  hands  be  planted  on  the  shoulders,  or  the  arms  may  be  short 
and  deformed,  and  the  hands  have  only  two  or  three  fingers.  In  most 
cases,  however,  the  upper  arm  is  little  deformed,  but  the  fore-arm  and 
hand  are  defective. 

Absence  of  one  arm. 


(c)  Monobrachius. 


This  sometimes  occurs  as 
part  of  a  greater  defect  of 
the  thorax  and  abdomen, 
but  the  body  may  be  fully 
developed. 

3.  Defects  of  the  legs. 
— Defects  of  the  lower 
extremity  are  similarly 
classified  to  those  of  the 
upper,  and  have  similar 
characteis.  We  have  ^pus, 
Peropus,  Monopus.  In  the 
last  mentioned  the  absence 
of  the  leg  may  he  associ- 
ated Avith  defect  of  the 
pelvis  and  protmision  of 
the  abdominal  contents. 
In  addition  to  this  we 
have  the  following  special 
form. 

Siren -ma  If  ormation 

Fig.  14.— SymiHis  nionoi.us  or  Sireii-iniiltonniitiDii.         (^Si/mpUS :  Sl/inelia). — In  this 

form  the  lower  extremities  are  coalesced,  and  the  body  is  prolonged 
into  a  tapering  single  limb,  so  that  there  is  some  resemblance  to  the 
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legendary  siren  with  a  fish's  tail  (see  Fig.  14).  The  defect  arises  at 
an  early  period  of  development,  and  there  is,  besides  the  deformity 
of  the  legs,  deffect  of  the  pelvis  and  of  the  intestinal  and  urino-genital 
organs.  It  is  probable  that  in  this  case,  as  suggested  by  Dareste, 
the  amnion  by  undue  impingement  on  the  caudal  extremity  .of  the 
embryo  interferes  with  the  growing  structures.  The  interference 
is  in  the  middle  line  and  occurs  at  the  time  when  the  limb-girdle, 
which  is  to  form  the  pelvis,  is  first  formed,  which  is  about  the  fourth 
week.  The  result  of  the  interference  is  shown  in  the  pelvic  bones. 
The  ischial  and  pubic  bones  are  defective  below  (see  Fig.  15),  and 
their  proximal  parts  coalesced,  so  that  the  two  ischia  form  a  transverse 


Fig.  15  — Syiupus.    Pelvis  seen  from  the  front.     The  ischial  Fig.16.— Svmpus  Bones 

^rSp'  rf°''°<^  f  tl^«  «~'--  The  pubie  bone.s  coalesced  and  of  pelvis  and'  "eg,  from 
projected  forwards.  _  behind.    Femur,  with  tw» 

heads  and  two  lower  ex- 
tremities. Glenoid  cavi- 
ties close  together  behind. 

bar  across  the  pelvis,  and  the  two  pul^ic  bones  project  forward. 
By  this  coalescence  the  acetabula  are  approximated  behind,  and  may 
coalesce  into  one.  From  the  fact  of  the  acetabula  being  approximated 
behind,  the  femora  are  brought  together  by  their  outer  aspects,  and 
coalesce  by  these  (see  Fig.  16),  which  are  fixed  in  the  middle  line, 
i  his  explains  the  peculiar  position  of  the  coalesced  limb,  which  has. 
the  knee  with  the  patelte  looking  backwards  and  flexed  forwards,  and 
nas  the  foot  with  the  plantar  surface  facing  forwards  and  the  great 
toe  outwards  (see  Fig.  U). 

Various  degrees  of  the  deformity  are  met  with  according  to  the 
egree  ot  coalescence  of  the  limbs  and  of  suppression  of  the  parts 
wmch  meet  in  the  middle  line.    The  foot  may  be  absent  (Sympm 
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apus),  or  there  may  be  one  foot  at  the  extremity  of  the  coml)iiic(l 
leg  {Sympus  monopus).  The  single  foot  is  variously  supplied  with 
toes — the  two  outer  are  always  the  great  toes,  and  the  uuml^er  of 
•others  is  various — or  there  may  he  two  distinct  feet  with  the  full 


Fig.  17.— Congouitiil  defoniiitie.s  of  fingers  and  toes  occurriug  iu  the  same  person. 


■complement  of  toes  {Sympus  dipus).  In  this  last  form  the  other  con- 
stituents of  the  limb  will  also  be  less  united,  and  there  may  be  two 
femurs,  but  the  soft  parts  are  coalesced. 

In  the  siren  there  is  always  defect  of  the  external  organs  of 
^reneration,  which  are  often  absent  altogether.    The  anus  is  usually 
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absent,  although  not  so  in  the  case  figured  above.  There  are  also 
sometimes  defects  in  the  intestine  in  its  course. 

4.  Defects  of  the  fingers  and  toes. — These  present  themselves  as 
absence  or  defect  of  the  digits,  and  as  coalescence.  These  are  very  frequent 
malformations,  and  they  may  affect  all  four  members,  as  in  Fig.  17, 
or  be  limited  to  two  or  one.  In  cases  of  coalescence  it  is  usually  only 
the  skin  which  unites  the  fingers  or  toes,  but  sometimes  the  muscles 
and  tendons  are  united,  and  more  rarely  the  bones. 

These  defects  of  the  fingers  and  toes  are,  like  polydactylism,  in  a 
high  degree  inherited.  This  applies  to  the  symmetrical  forms,  and 
not  to  such  defects  as  may  be  due  to  mechanical  interference,  as  by 
amputation. 


III.— ABERRANT  MONSTROSITIES. 

In  this  division  we  include  malformations  in  which  there  is  little 
or  no  quantitative  defect,  but  there  is  a  qualitative  difference  from 
the  normal,  an  error  in  the  development ;  they  are  the  forms  which 
Foerster  has  classified  as  Monstra  per  fabricam  alienam.  The  mal- 
formations affect  the  thoracic  and  abdominal  viscera  and  the  external 
organs  which  are  in  immediate  connection  with  therii.  The  heart  and 
blood-vessels  and  the  generative  organs  are  most  frequently  affected. 
The  malformations  of  these  will  be  described  in  their  special  section; 
we  have  here  to  deal  with  general  monstrosities. 

Transposition  of  the  viscera  {Situs  tmnsversus). —This  malformation 
is  not  very  rare.  The  entire  viscera  of  chest  and  abdomen  are  trans- 
posed, so  that  the  aorta  comes  off  from  a  right  ventricle,  the  venaj 
cavce  are  on  the  left  side,  the  liver  is  on  the  left,  the  spleen  on  the 
right,  and  so  on.  The  organs  are  properly  formed,  and  their  function 
IS  normal.  The  existence  of  the  malformation  may  altogether  escape 
observation,  or  may  be  accidentally  discovered  when  the  person  is 
being  examined  medically. 

Transposition  is  constant  in  double  monsters,  the  left  twin  having 
the  normal  arrangement,  and  the  right  having  the  viscera  transposed 
ihis  seems  to  indicate  that  in  single  embryoes  the  usual  situation 
in  the  umbilical  vesicle  is  left,  but  that  occasionally  it  may  be  rio-ht 
in  which  case  the  viscera  are  transposed.  *  ' 

vol  ii  1829  T  '  Etienne  Geoffroy  St.  Hilaire,  Philosophie  anatomique, 
Vrolik'  Tabui     isT  Hilaiue,  Traite  de  tdratologie,  1832-1837; 

'         fc,  1849.    The  fullest  account  in  Foeuster,  Die  Missbildungen  des 
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Mensehen,  with  atlas,  1861,  and  in  Ahlfeld,  Die  Missbildungen  des  Menschen, 
1880-1882,  also  with  atlas ;  in  both  of  these  the  literature  very  fully ;  also  Gerlach, 
Die  Entstehungsweise  der  Doppelmissbildungen,  1882  :  Panum,  Die  Entstehung  der 
Missbildungen,  1860 ;  Dareste,  Eecherches  sur  la  production  artificielle  des  mon- 
strosity, 2nd  ed.,  1891 ;  Hirst  and  Piersol,  Human  monstrosities  (causation, 
classification,  and  literature  somewhat  fully),  1892  ;  Radber,  various  papers  on 
the  theory  of  monstrosity  by  excess,  in  Virchow's  Arch.  vols.  Ixxi.,  Ixxii.,  Ixxiii., 
Ixxiv.  ClbiiAnd,  Journal  of  Anat.  and  Phys.,  vols,  viii.,  xii.,  xiii.,  xvii.  Trans,  of 
Philosoph.  Soc.  of  Glasgow,  1885-86.  Address  on  Rational  Teratology,  Brit.  Med. 
Jour.,  1888,  vol.  ii.,  p.  346,  also  Memoirs  and  Memoranda  in  Anatomy  by  Cleland, 
Mackay,  and  Young,  1888.  HmiLY,  Foetus  in  foetu,  1831 ;  Sneddon  [Supernumerary 
mammas),  Glasg.  Med.  Jour.,  pp.  69  and  120,  1878.  Bannatyne,  Diseases  and 
Deformities  of  foetus  1894-95,  Teratologia,  a  journal,  vol.  i.,  1894,  Antenatal 
Pathology  and  Hygiene,  1902.    Teacher  and  Coats  Siren),  Jour,  of  Path.,  1895. 
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AFFECTIONS  OF  THE  CIKCULATION  AND  DISTEIBUTION 

OF  THE  BLOOD. 

Physiologry  of  the  Circulation. — Inner vatiou  of  Arteries,  etc.    Local  Hypersemia. 

— I.  Active  liypersemia  ;  caused  cliiefly  by  dilatation  of  arteries  ;  phenomena. 
II.  Passive  hyperaamia ;  caused  chiefly  by  weakness  of  heart  or  venous 
obstruction.  Phenomena,  including  diapedesis,  cedema,  etc.  Local  Ansemia 
or  Ischasmia ;  chiefly  from  obstruction  of  arteries.  Thrombosis.  Coagula- 
tion of  the  blood.  The  process  of  thrombosis  shown  by  experiment ;  char- 
acters and  forms  of  thrombi.  Causation,  from  stagnation  of  blood  ;  from 
alteration  of  wall.  Growth  of  thrombi.  (Absence  of  thrombosis  from 
capillaries.)  Changes  in  thrombi,  chiefly  softening'  and  organization. 
Results  of  thrombosis.  Embolism.  Causation,  chiefly  by  thrombosis. 
Phenomena,  in  (1)  Arteries  with  free  anastomosis;  (2)  Arteries  with  im- 
perfect anastomosis  (End  arteries) ;  in  them,  (a)  Engorgement  of  vessels, 
(6)  Htemorrhage,  and  (c)  Necrosis ;  disposal  of  infarction.  Special  forms 
of  embolism,  malignant  tumours,  fat,  air,  and  infective.  Haemorrhage  ;  by 
rupture  or  by  diapedesis  ;  causation  various  ;  stilling  of  haemorrhage  ;  seats 
of  effusion  and  disposal  of  the  blood.  (Edema  and  Dropsy,  depend  on  the 
lymphatic  circulation.  Causation  and  nature  of  process ;  rarely  from 
lymphatic  obstruction ;  usually  from  passive  hyperemia ;  hydrsemia  and 
hydrsemic  plethora  as  causes,  especially  in  Bright's  disease  ;  nervous  influ- 
ences in  causation.    Position  and  character  of  exudation. 

Physiology  of  the  Circulation.— In  the  distribution  of  the  blood  the 
capillaries  and  veins  may  be  regarded  as  virtually  passive  channels. 
They  are  able  to  accommodate  more  or  less  blood  according  to  cir- 
cumstances, but  of  themselves  they  have  little  to  do  with  the  variations 
m  the  supply.  The  supply  of  blood  to  the  tissues  varies,  chiefly 
according  to  their  needs ;  the  brain  or  muscle  while  working  requires 
and  gets  a  fuller  and  more  rapid  supply  of  blood  than  when  at  rest. 

supply  is  regulated  by  the  arteries;  when  they  dilate  more  blood 
passes  into  the  capillaries  and  on  to  the  veins,  and  when  they  contract 
less  blood  reaches  the  capillaries  and  veins.     We  may  regard  the 
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arteries  as  regulating  the  supply  of  blood,  the  capillaries  as  distri- 
buting the  blood,  bringing  it  within  reach  of  the  elements  of  the 
tissues,  and  the  veins  and  lymphatics  as  carrying  it  oflF.  The  amount 
of  blood  admitted  by  the  arteries  depends  on  the  state  of  contraction 
or  relaxation  of  the  muscular  fibre-cells  in  the  middle  coat,  and  this, 
like  all  other  muscular  actions,  is  under  the  command  of  the  nervous 
system.  When  the  vaso-motor  nerves  are  stimulated  the  muscular  coat 
contracts,  when  these  nerves  are  paralyzed  it  relaxes,  and  when  a 
moderate  amount  of  stimulus  is  supplied,  then  we  have  that  state  of 
moderate  contraction  to  which  the  name  of  tonicity  is  applied. 

Innervation  of  arteries. — Constriction  of  vessels  is  brought  about 
by  stimulation  of  a  special  set  of  nerve-fibres,  the  vaso-cmstrictors. 
These  have  been  shown  to  run  in  the  sympathetic  nerves,  and  also  in 
the  cerebro-spinal  nerves  of  the  extremities,  where  they  are  perhaps 
derived  from  the  sympathetic  system.  Division  of  constrictor  nerve- 
fibres  will  induce  relaxation  of  arteries,  because  it  will  remove  the 
stimulation  which  keeps  up  their  tonicity. 

Bernard's  discovery  of  the  fact  that  electric  stimulation  of  the  chorda 
tympani  causes  dilatation  of  the  vessels  of  the  submaxillary  gland 
proved  the  existence  of  vaso-dilator  fibres,  and  further  observation 
seems  to  prove  that  both  kinds  of  fibres  pass  to  the  vessels  in  all 
parts  of  the  body.  Both  kinds  probably  belong  to  the  sympathetic 
system. 

These  facts  have  suggested  that  the  regulation  of  the  calibre  of 
arteries  is  effected  by  the  nerves  through  the  intermediate  action  of 
local  nervous  ganglia  in  or  near  the  walls  of  the  arteries.  Arteries 
may  be  compared  in  their  innervation  as  well  as  in  their  structure  to 
the  heart.  The  heart  has  intrinsic  ganglia  and  it  has  accelerator  fibres 
derived  from  the  sympathetic  which  stimulate  these  ganglia,  and 
inhibitory  fibres  from  the  vagus  which  depress  them.  Nervous  ganglia 
have  been  discovered  in  the  neighbourhood  of  a  few  arteries,  chiefly 
those  of  the  submaxillary  gland  and  the  penis.  The  arteries  generally 
are  surrounded  by  a  close  plexus  of  nerves,  and  the  facts  of  the  case 
can  only  be  explained  on  the  assumption  of  local  centres.  A  further 
proof  of  this  is  to  be  found  in  the  fact  that  when  arteries  are  cut  off 
from  all  central  connections  they  are  still  capable  of  varying  their 
calibre.  If  the  sciatic  nerve  in  a  frog  is  divided,  the  arteries  uideed 
dilate  but  after  a  time  they  resume,  at  least  partially,  their  state  of 
tonicity,  and  are  capable  of  still  further  variations.  Again,  an  excess 
of  carbonic  acid  in  the  lilood  will  cause  arteries  to  contract  after  all 
their  central  connections  have  been  severed,  and  they  may  be  made  to 
dilate  by  means  of  chloral  or  amyl  nitrite. 
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The  vaso-motor  nerves  are  known  to  run,  to  a  large  extent  at  least, 
in  the  sympathetic  system,  and  they  are  under  the  influence  of  the 
sympathetic  ganglia.  The  sympathetic  system,  however,  is  not  an 
independent  one,  and  the  proper  vaso-motor  centres  are  in  the  spinal 
cord  and  medulla  oblongata,  with  which  the  sympathetic  has  numerous 
communications.  Most  of  the  physiological  variations  in  the  calibre 
of  the  vessels  are  brought  about  by  reflex  action,  and  the  reflex  centres 
are  situated  in  the  cord  and  medulla.  From  these  centres  there  seems 
to  pass  a  continuous  slight  stimulation  inducing  that  moderate  con- 
traction which  we  name  Tonicity.  If  the  connection  be  severed  the 
tonicity  ceases,  the  arteries  dilate.  There  is  a  general  centre  for  the 
whole  vaso-motor  system  in  the  medulla  oblongata.  When  this  is 
stimulated  the  arteries  throughout  the  body  contract.  When  it  is 
destroyed  the  arteries  in  the  body  dilate.  But  without  being  destroyed 
the  centre  may  be  paralyzed  or  inhibited.  It  is  inhibited  by  the 
inhalation  of  nitrite  of  amyl,  and  the  arteries  dilate.  It  may  also 
be  inhibited  by  the  stimulation  of  a  nervous  branch  which  passes 
upwards  from  the  heart,  the  depressor  nerve.  This  general  centre, 
therefore,  has  nervous  connections  of  a  kind  similar  to  the  local 
ganglia. 

Uterature.— A  very  good  historical  account  of  the  physiology  of  the  vessels 
is  that  in  Von  Recklinghausen's  Handbuch  der  allgemeinen  Pathologie,  1883,  p.  4, 
et  seq.  See  also  Hunteb,  On  the  blood,  inflammation,  and  gunshot  wounds,' ITOsj 
Palmer's  ed.,  vol.  iii.,  p.  145;  Henle,  Pathologische  Untersuchungen,  1840;  Hand- 
buch d.  rationellen  Pathologie,  1846;  Beenaed,  several  series  of  Le9ons,  1858-1876; 
Lister  (who  inferred  the  existence  of  peripheral  ganglia),  Phil.  Trans,  for  1858* 
vol  cxlviii.;  Waller,  Proceedings  of  Eoy.  Soc,  1862.  Cvon  &  Ludwig,  Ludwig's 
Arbeiten,  1866  and  1867;  Vulpian,  Le9ons  sur  I'appar.  vasomot.,  1875;  Stilling 
Jenaische  Annalen,  1851.  Saviotti,  Virchow's  Archiv,  1.,  1870 ;  Golz,  Virchow's 
Archiv,  vols.  XXVI.,  xxviii.,  and  xxix. ;  Krehl,  Patholog.  Physiologic,  1898;  Von 
Basch,  Allgem.  Physiol,  u.  Pathologie  des  Kreislaufes,  1892;  Thoma,  Pathol 
Anatomic,  i.,  1894,  also  Trans,  by  Bruce,  1896;  Lukjanow,  Allgem.  Pathologie  d. 
Gefasssystems,  1894.  ^ 


LOCAL  HYPEREMIA. 
This  term  is  applied  to  conditions  in  which  the  vessels,  and  especi- 
distinlni  fP^"^"'''  a»  excess  of   blood.     Two  forms  are 

admitfrt  "  ^«  ''''''y 

to  its  Da./    1  °"  <^he  other,  meets  with  some  obstacle 

arterial  and  '^""'^  respectively  active  or 

passive  or  venous  hyperemia. 
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I.— ACTIVE  OR  ARTERIAL  HYPEREMIA.    ACTIVE  CONGESTION. 

This  occurs  when  an  excess  of  blood  is  admitted  by  the  arteries  into 
a  part.  The  terms  atonic  and  arterial  hypersemia  are  synonymous 
with  active  hypera3mia,  as  are  also  fluxion  and  determination  of  blood. 

Causation. — Active  hypersemia  is  brought  about  chiefly  by  causes 
which  induce  dilatation  of  the  arteries,  although  a  local  increase  of 
blood-pressure,  by  forcing  more  blood  into  the  arteries,  will  have  a 
similar  effect. 

Local  increase  of  blood-pressure  is  not  of  frequent  occurrence, 
because  as  a  general  rule  the  vessels  are  so  completely  under  the 
regulation  of  the  nervous  system  that  a  rapid  accommodation  is  readily 
effected  by  contraction  of  the  arteries.  If  the  arteries  be  diseased, 
however,  so  that  their  walls  are  rendered  rigid  (as  by  atheroma)  then 
variations  in  bloocl-pressure  will  not  be  readily  compensated.  Hence 
in  people  whose  cerebral  arteries  are  atheromatous,  temporary  increase 
of  blood-pressure  may  cause  congestion  of  the  brain. 

Collateral  hyperaemia  might  be  supposed  to  be  due  to  a  local 
increase  of  blood-pressure.  It  occurs  when  in  consequence  of  obstruc- 
tion of  an  artery,  or  otherwise,  the  blood  supply  is  diminished  in  one 
locality,  with  the  result  that  there  is  an  increase  in  the  amount  of 
blood  in  another,  generally  a  neighbouring  locality.  Doubtless  an 
obstruction  in  an  artery  leads  to  increase  of  pressure  in  the  arteries 
proximal  to  the  obstruction,  and  there  may  be  a  resulting  hypersemia 
of  neighbouring  parts  which  will  assist  in  establishing  an  anastomotic 
circulation.  But  the  problem  is  not  always  so  simple  as  this.  The 
arteries  are  so  completely  under  the  command  of  the  nervous  system 
that  the  site  of  the  collateral  hyperemia  is  frequently  at  a  certain 
distance  from  that  of  the  anajmia,  and  is  determined  not  by  increase 
of  blood-pressure  but  by  relaxation  of  arteries.  Thus  obstruction  of 
one  renal  artery  mil  induce  collateral  hypersemia  in  the  kidney  of  the 
opposite  side. 

Dilatation  of  arteries  so  as  to  lead  to  active  hyperajmia  is  brought 
about  in  several  different  ways.  It  may  be  due  to  purely  local  causes, 
or  to  an  action  on  the  vaso-motor  nerves  or  vaso-motor  nerve-centres. 

As  examples  of  dilatation  of  arteries  from  Local  causes  may  be 
cited  cases  in  which  the  sudden  withdrawal  of  pressure  induces  local 
hyperaemia.  When  the  abdomen,  for  instance,  is  the  seat  of  a  collec- 
tion of  fluid,  pressure  is  exercised  oji  the  vessels,  and  the  arteries  will 
relax  as  completely  as  possible  to  allow  the  blood  to  overcome  the 
pressure  from  without.  But  if  the  fluid  in  the  abdomen  be  suddenly 
removed,  the  pressure  outside  the  vessels  will  be  greatly  reduced. 
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and,  till  the  arteries  have  tirae  to  contract,  there  will  be  an  active 
hypersemia.  This  effect  of  the  sudden  removal  of  pressure  is  generally, 
at  least  in  part,  obviated  by  the  application  of  a  bandage.  On  similar 
principles  removal  of  large  ovarian  tumours  that  have  pressed  on  the 
kidneys  and  renal  arteries  sometimes  leads  to  active  hyperajmia  of  the 
kidneys,  which  may  be  accompanied  by  albuminuria. 

Other  examples  of  active  hyperfemia  due  to  local  causes  are  afforded 
by  the  application  of  warmth  to  the  surface  of  the  body  as  by  poul- 
tices, the  result  being  a  direct  dilatation  of  the  cutaneous  arteries. 
Mechanical  irritation  of  the  skin,  as  by  stroking  it,  usually  induces, 
first  a  contraction  of  the  arteries,  evidenced  by  paleness,  and  then  a 
dilatation,  shown  by  a  red  streak.  Similarly,  chemical  irritants  pro- 
duce dilatation,  sometimes  preceded  by  contraction,  the  dilatation 
leading  to  active  hyperemia,  which,  in  this  case,  may  be  the  first 
phenomenon  of  inflammation.  Again  a  mere  temporary  deprivation 
of  blood  may  induce  dilatation  of  arteries  and  a  local  hyperiEmia. 
Thus  in  surgical  operations,  when  the  circulation  has  been  suspended 
hy  the  application  of  an  elastic  bandage,  the  removal  of  the  latter  is 
often  followed  by  an  active  hypersBmia. 

Active  hyperaimia  due  to  causes  influencing  the  Vaso-motor  nerves 
may  be  produced  by  paralysis  of  the  vaso-consti'ictors  or  by  irritation 
of  the  vaso-dilators.  Injury  or  disease  of  the  sympathetic  nerve  in 
the  neck  is  sometimes  followed  by  unilateral  congestion  of  the  face, 
and  by  unilateral  sweating,  together  with  narrowing  of  the  pupil, 
smallness  of  the  eyeball  and  ptosis,  these  all  being  signs  of  paralysis 
of  the  sympathetic. 

Such  cases  have  been  described  by  Weir  Mitchell  and  others  as  following  gunshot 
wounds,  etc.,  and  by  Hutchinson  as  the  consequences  of  fractures  of  the  clavicle; 
some  of  the  manifestations,  at  least,  may  ensue  from  the  pressure  of  tumours,  or 
aneurysms,  or  the  extension  of  abscesses,  tuberculosis,  etc.,  to  the  neighbourhood 
of  the  sympathetic  in  the  neck. 

In  certain  forms  of  neuralgia,  especially  in  hemicrania,  the  phenomena  indicate 
hrst  an  irritation  and  then  a  paralysis  of  the  vaso-constrictors.  Du  Bois-Reymond 
by  analysis  of  his  own  symptoms  in  such  attacks  came  to  this  conclusion.     In  his 

been  ohr,"T  '"iu''  °^  '"'"""^  '''''  '''^'^  ^'^^"^^^  °f  the  retina  has 
meatus  r  i,  t^P---^-'^  ^«  tested  by  the  thermometer,  in  the  external 
meatus,  IS  usually  raised,  both  in  the  neuralgic  cases  and  those  due  to  injury. 

be'^wr"  f^'P^^'^^^i^ely  few  cases  of  active  hyperaimia  which  can 
ofZlTtr  irritation  of  the  vaso-dilators,  but  after  wounds 

attacks   f         ^'^^'^times  occur  during  the  process  of  healing,  severe 

which  se'em'''"l''''''°"^''"'''^^  elevation  of  temperature, 

em  only  explicable  on  the  supposition  that  the  vaso-dilators 
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are  irritated.  These  phenomena  are  sometimes  followed  by  trophic 
disturbances,  more  particularly  the  "  glossy  skin "  of  Paget. 

Paralysis  of  Vaso-motor  centres  is  calculated  to  induce  active 
hypersemia  if  the  dilatation  of  the  arteries  be  localized.  Thus  in  a 
case  observed  by  the  author  there  was  a  traumatic  lesion  of  the 
medulla  oblongata  which  injured  the  vaso-motor  centres  of  the  kidneys. 
The  result  was  an  intense  hyperaemia  of  both  kidneys,  visible  after 
death,  and  manifested  during  life  by  an  excessive  secretion  of  watery 
urine.  During  the  few  hours  of  life  a  large  quantity  of  urine  was 
twice  removed  by  catheter,  and  after  death  the  bladder  was  found 
greatly  distended.  Some  authors  ascribe  diabetes  mellitus  to  paralysis 
of  the  centres  in  the  medulla  oblongata,  or  in  the  semilunar  ganglia. 
Such  a  paralysis  would  induce  congestion  in  the  abdominal  organs, 
and  more  especially  in  the  liver. 

Phenomena  of  active  congestion. — When  a  local  dilatation  of  the 
finer  arteries  of  a  part  occui's,  the  most  direct  result  is  that  the  blood 
is  admitted  more  freely,  and  at  an  accelerated  rate.  It  meets  with 
less  resistance  in  the  arteries,  and  reaches. the  capillaries  and  veins 
at  a  higher  pressure  than  normal.  The  part  so  affected  is  of  a 
bright  red  colour,  and,  if  it  be  an  external  part,  its  temperature  is 
raised.  In  many  cases  the  active  congestion  is  of  short  duration, 
but  if  it  continue  it  leads  commonly  to  more  definite  changes. 
There  is  increased  transudation  from  the  vessels,  and  consequent 
swelling.  The  secretion  of  the  part  is  increased.  This  has  been 
observed  more  particularly  in  the  case  of  the  secretion  of  sweat; 
unilateral  hypersemia  and  sweating  have  been  ascribed  to  pressure  on 
the  sympathetic  by  an  aneurysm  (Gairdner)  or  a  tumour  (Ogle  and 
Verneuil).  There  may  also  be  considerable  hypertrophy  in  conse- 
quence of  active  hypersemia.    (See  Hypertrophy.) 

It  has  been  said  that  active  hypersemia  may  lead  to  haemorrhage, 
but  experiment  seems  to  prove  that  even  a  very  great  rise  in  the 
blood-pressure  in  the  capillaries  does  not  lead  to  haemorrhage,  unless 
the  vessels  are  badly  supported,  or  else  defective  in  some  way.  By 
obstructing  the  respiration  in  a  dog  the  arterial  pressure  may  bo 
raised  enormously,  but  there  is  no  rupture  of  the  capdlaries,  or  only 
in  such  delicate  structures  as  the  retina,  brain,  or  conjunctiva,  or  in 
the  pleura  and  pericardium,  where,  on  account  of  the  violent  and 
abortive  efforts  of  inspiration,  a  partial  vacuum  is  produced,  and  the 
vessels  are  ill-supported.  The  increase  in  pressure  m  a  pure  active 
hyperemia  is,  of  course,  greatly  less  than  this. 

Literature.-WEm  Mitche.l,  Mouehouse,  and  Kekk,  Gunshot  wounds  and  other 
in"; ts  orn^-ves,  1864 ;  H.tchxkbo.,  Lond.  Hosp.  Reports,  186G ;  Wex.  Mxxchk.u 
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Injuries  of  nerves  and  their  consequences,  1872;  Denmakk,  Med.  Chir.  Trans.,  iv.  ; 
Paget,  Med.  Times  and  Gaz.,  1864;  Berger  (Hemicrania),  Virchow's  Archiv,  vol. 
liv.,  1874;  Gaibdner,  Clin.  Med.,  1862,  p.  .557;  Vernbuil,  Gaz.  des  hOpit.,  1864; 
Bier,  CoUateralkreislauf.  Virch.  Arch.,  147, 1897  (with  literature) ;  Lowit,  Centralb. 
f.  allgem.  Path.,  viii.,  1897. 


II.— PASSIVE  OR  VENOUS  HYPER.-EMIA  OR  PASSIVE 
CONGESTION. 

This  is  a  condition  in  which  the  blood  stagnates  in  the  vessels ;  they 
are  overfilled  with  blood  which,  as  it  remains  too  long  in  the  vessels, 
has  a  venous  character,  hence  passive  hypersemia  is  also  called  Venous 
Hypersemia. 

Causation. — Passive  hypersemia  frequently  occurs  as  a  consequence 
of  Weakness  of  the  heart.  In  the  normal  state  the  forces  of  the 
circulation  in  order  to  remove  the  blood  from  depending  parts,  have 
to  overcome  gravitation.  The  force  of  the  heart  propagated  through 
arteries  and  capillaries  to  the  veins  is  generally  sufficient  to  do  this. 
It  is,  however,  assisted  by.  the  muscular  movements,  which,  in  conjunc- 
tion with  the  valves  in  the  veins,  materially  assist  the  venous  current ; 
also  by  the  aspiration  effected  by  the  inspiratory  movements.  But  if 
the  heart  is  weak,  the  blood  is  apt  to  linger  in  depending  parts  or  in 
parts  far  removed  from  the  centre  ;  hence  the  name  Hypostasis  or 
Hypostatic  hypersemia  applied  to  such  conditions.  AVeakening  of  the 
heart  occurs  in  many  forms  of  disease.  It  is  often  very  mai'ked  in 
fevers,  such  as  typhus  and  typhoid,  or  in  long-continued  debilitating 
diseases,  which  produce  anaemia.  In  these  cases  the  blood  often  stag- 
nates in  the  dependent  parts  of  the  lungs,  or  in  depending  parts  of  the 
skin,  over  the  sacrum  and  shoulder  blades  in  persons  lying  on  their 
backs,  over  the  trochanters  in  persons  lying  on  their  sides.  In  these 
latter  situations  the  weakness  of  the  circulation  along  with  the 
mechanical  effects  of  the  weight  of  the  body  and  the  irritation  of 
decomposing  material,  lead  frequently  to  necrosis  of  the  skin  and  the 
formation  of  bed-sores.  In  fevers  there  may  be  passive  hypersemia 
of  the  extremities  of  the  fingers  or  toes,  resulting  even  in  necrosis  or 
gangrene. 

Again,  there  may  be  difficulty  in  overcoming  gravitation  on  account 
ot  the  force  of  the  heart  being  partly  lost  by  reason  of  Obstruction  of 
arteries.  Thus  atheroma,  by  producing  a  thickening  of  the  internal 
coat,  may  cause  a  partial  obstruction,  which  is  often  increased  by  the 
oi'mation  of  thrombi  on  the  affected  surface.  In  consequence  of  this, 
tne  torce  of  the  heart  may  be  insufficient  and  the  blood  may  stagnate 
P""''^'  supplied.    Complete  occlusion  of  an  artery  will  under 


70 


AFFECTIONS  OF  THE  CIRCULATION. 


certain  circumstances  produce  extreme  passive  hypertemia.  (Hfemor- 
rhagic  infarction,  see  under  Embolism.) 

Obstruction  of  veins  is  the  most  direct  and  obvious  cause  of  passive 
hyperajmia.  This  may  be  produced  by  pressure  of  tumours,  exudations, 
bandages,  the  pregnant  uterus,  even  hard  masses  of  fa3ces,  hy  coagulation 
of  blood  within  the  veins,  or  by  the  bursting  of  tumours  into  veins,  or 
their  growth  through  their  walls. 

Lastly,  Disease  of  the  valves  of  the  heart  produces  in  a  large 
proportion  of  cases  a  general  venous  hyperEsmia  (see  under  Heart). 

Phenomena  of  passive  hyperaemia. — Taking  the  simplest  case,  that 
of  obstruction  of  a  venous  stem,  the  first  result  is  an  increase  of  blood- 
pressure  in  the  veins  behind  the  point  of  obstruction,  and  an  accumula- 
tion of  blood  in  the  part.  If  the  veins  have  abundant  anastomoses, 
then  the  blood  will  soon  to  a  considerable  extent  find  its  way  by  other 
channels  and  the  normal  conditions  be  restored.  But  from  the  list  of 
causes  of  passive  hyperasmia  it  will  be  seen  that  most  of  these  involve 
sets  of  veins,  or  whole  regions  of  the  body ;  even  in  the  case  of  throm- 
bosis, the  coagulation  usually  extends  to  a  number  of  A^eins ;  hence, 
relief  by  anastomosis  may  not  be  obtained.  The  local  increase  of 
pressure  remains,  and  it  affects  capillaries. 

The  further  effects  are  to  be  traced  to  the  excessive  pressure,  of  the 
accumulated  blood  in  the  capillaries  and  to  the  nutritiA'e  changes  in 
their  walls  from  the  stagnation  of  the  blood.  The  blood  accumulates 
in  excessiA^e  quantity  in  these  vessels  and  at  an  excessive  pressure.  In 
consequence  of  this  an  increase  in  the  natural  transudation  of  fluid 
through  the  capillaries  occurs,  and  the  blood-corpuscles,  especially  the 
red  ones,  escape  from  the  vessels.  Each  of  these  phenomena  merits 
more  special  consideration. 

Haemorrhage  by  diapedesis  is  the  escape  of  the  red  corpuscles  from 
the  blood-vessels  without  rupture  of  their  walls.  This  process  occurs 
mainly,  if  not  entirely,  in  the  capillaries,  and  it  can  be  shown  by 
experiment  that  it  does  not  involve  rupture  of  these  vessels.  If  the 
tongue  of  a  frog  is  ligatured  at  its  base  so  as  to  include  all  the  veins, 
but  excluding  the  artery,  there  will  be  the  phenomena  of  hyperajmia 
greatly  intensified,  and  amongst  these  phenomena  diapedesis.  But  if 
the  ligature  be  loosened  within  a  moderate  period,  the  circulation  is 
restored,  and  the  phenomena  disappear.  If  the  escape  of  blood-cor- 
puscles had  been  by  rupture,  it' would  have  continued  after  resumption 
of  the  circulation.  As  to  the  manner  in  which  corpuscles  escape,  it  is 
probable  that  they  pass  between  the  endothelial  cells.  Fig.  18  shows 
the  appearance  of  the  endothelium  of  a  capillary  mapped  out  by  treat- 
ment with  nitrate  of  silver,  and  Fig  19  showa  capillaries  similarly 
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treated  after  passive  hyperemia  had  existed.  The  latter  illustration  is 
taken  from  Ai'nold,  who  asserts  that  while  in  the  normal  condition 
there  are  minute  apertures  between  the  endothelial  cells,  chiefly  at  the 
angles  where  two  or  three  meet,  these  are  found  much  enlarged  in 
passive  hyperseniia.  The  small  apertures  may  be  called  stigmata,  and 
the  larger  ones  stomata.  The  excessive  pressure  in  the  capillaries 
seems  to  be  the  chief  agent  in  causing  the  escape  of  the  corpuscles  as 
well  as  the  increased  transudation  of  fluid,  but  we  have  also  as  a  con- 
siderable element,  in  many  cases,  a  nutritive  defect  in  the  walls  of 


Fig.  18. — Nonnal  capillar}-,  with 
endothelium  mapped  out  by  treat- 
ment with  nitrate  of  silver. 


Fig.  19. — Capillaries  after  passive 
hyperaimia.  Apertures  between  the 
cells  greatly  enlarged  ;  the  so-called 
stomata.  (Arnold.) 

the  vessels  from  their  long  exposure  to  venous  blood,  allowing  of  the 
escape  of  the  corpuscles.  The  hasmorrhage  is  usually  inconsiderable, 
but  in  some  cases  it  attains  to  large  dimensions.  (See  under  Thrombosis 
of  cerebral  sinuses.) 

The  author  has  observed  of  late  a  loose  way  of  using  the  term  diapedesis  by 
applying  it  to  the  emigration  of  the  leucocytes.  As  this  use  is  confusing  and  is 
opposed  to  the  original  employment  by  Strieker,  Cohnheim,  Arnold,  and  others, 
to  designate  a  form  of  hmmon-hage,  it  seems  unadvisable.  The  author  therefore 
imits  the  term  to  the  escape  of  red  corpuscles  without  rupture,  reserving  the  term 
emigration  for  the  more  active  penetration  of  the  white  corpuscles. 

That  there  is  an  increased  Transudation  of  fluid  can  be  directly 
proved  by  experiment.    The  flow  in  the  lymphatic  vessels  has  been 
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proved  to  be  excessive.  If  the  lymphatics  are  not  capable  of  disposing 
of  the  entire  excess,  then  the  fluid  accumulates  in  the  serous  spaces  and 
cavities  of  the  body,  giving  rise  to  (Edema  and  Dropsy  (see  further  on). 
This  accumulation  will  occur  if,  on  the  one  hand,  the  transudation 
be  too  great  for  the  lymphatics  to  dispose  of  it,  or  if,  on  the  other,  for 
some  reason,  the  lymphatics  do  not  take  it  up  sufficiently.  The 
current  in  the  lymphatics  depends  on  the  blood-pressure,  and  we  have 
just  seen  that  the  cause  of  the  increased  transudation  is  excess  of  blood- 
pressure,  and  so  the  same  condition  which  determines  the  increase  will, 
to  a  certain  extent,  cause  it  to  be  more  rapidly  disposed  of.  In  cases 
of  hypostasis,  however,  there  is  a  special  tendency  to  oedema.  The 
hyperaemia  here  is  due,  as  we  have  seen,  to  weakness  of  the  heart 
associated  with  the  action  of  gravitation.  Both  of  these  causes  aWII 
equally  act  on  the  lymphatic  circulation,  and  induce  the  transuded  fluid 
to  linger  and  accumulate. 

The  exuded  fluid,  as  may  be  inferred,  contains  red  coi-puscles,  but  it 
does  so  to  a  much  less  extent  in  actual  pathological  conditions  than 
might  be  supposed  from  experiments  in  animals.  In  the  latter  there  is 
a  sudden  obstruction,  with  exaggerated  results ;  in  actual  disease  in 
man  the  processes  usually  develop  slowly,  and  there  is  some  accommo- 
dation of  the  vessels.  It  should  be  added  that  the  white  corpuscles 
pass  out  of  the  vessels  as  well  as  the  red,  but  not  to  such  an  extent,  and 
that  the  corpuscles,  both  red  and  white,  escape  from  the  small  veins  as 
well  as  from  the  capillaries. 

The  part  which  is  the  seat  of  passive  hyperaemia  is  unduly  red,  and 
the  tint  is  dark  or  livid,  hence  the  term  Cyanosis,  which  is  applied 
when  the  lividity  is  extensive.  The  part  is  swollen,  both  from  the 
over-filling  of  the  vessels  and  from  the  oedema,  and  is  usually  lowered 
in  temperature.  In  organs  readily  capable  of  increase  in  bulk,  there 
may  be  considerable  Enlargement  as  a  result  of  passive  hyperjemia. 
This  is  especially  the  case  in  the  spleen. 

Two  other  consequences  frequently  follow  in  prolonged  passive 
hypersemia.  The  distended  capillaries  exerting  pressure  on  the  sur- 
rounding structures  may  through  time  produce  Atrophy.  This  is  seen 
especially  in  passive  hypersemia  of  the  liver,  where  the  central  parts  of 
the  lobules  often  show  a  striking  absence  of  hepatic  cells.  It  is  also 
seen  in  the  kidney  and  the  retina. 

An  opposite  result  is  often  effected  by  prolonged  passive  congestion, 
namely.  Hypertrophy  of  the  connective  tissue,  induced  by  the  in- 
creased transudation  which  bathes  this  tissue.  The  hypertrophied 
connective  tissue  is  dense,  and  it  gives  increased  density  to  the  organs 
affected,  hence  the  term  Cyanotic  induration.    This  is  very  common 
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as  a  result  of  valvular  disease  of  the  heart  and  is  seen  in  the  heart 
itself,  the  lungs,  kicbieys,  liver,  etc.  In  the  lungs  the  induration  is 
associated  with  pigmentation,  due  to  the  haemorrhage  by  diapedesis, 
hence  the  term  Brown  induration. 

Necrosis  or  death  of  parts  is  not  a  common  result  of  passive 
hyperaemia.  It  occurs  when  the  conditions  are  such  as  to  produce 
complete  stagnation  of  blood.  If  a  loop  of  intestine  be  caught  in 
a  hernia  in  such  a  way  as  to  obstruct  all  the  veins,  then  passive 
hypersemia  may  be  followed  by  gangrene.  Similarly  ligature  of  the 
femoral  vein  or  its  obstruction  by  a  tumour  may  produce  gangrene,  as 
this  vein  has  few  and  insufficient  anastomoses.  This  only  occurs  if  the 
vein  be  suddenly  obstructed. 

Literature. — For  a  good  account  of  passive  hyperaamia  from  experimental  side, 
see  Cohnheim's  Allgem.  Pathologie,  2nd  ed.,  vol.  i.,  p.  138.  See  also  Eeckling- 
HAUSEN,  Allgem.  Path.,  p.  28;  Aenold,  Virchow's  Archiv,  Iviii.,  1873;  Zielonko, 
ibid.,  Ivii.,  1873;  Lazaeus-B.\rlovv,  Manual  of  General  Pathology,  1898. 


LOCAL  ANEMIA  OE  ISCHJEMIA. 

These  terms  designate  the  condition  in  which  the  blood-vessels,  and 
ni  particular  the  capillaries,  are  more  or  less  empty  of  blood,  and  the 
part  is  correspondingly  pale. 

Causation.— The  vessels,  and  especially  the  capillaries,  may  be 
directly  emptied  by  pressure  from  Avithout.  AVe  have  an  artificial 
anajmia  produced  in  this  way  by  Esmarch's  elastic  bandage.  A  tumour 
or  an  abscess  may  by  pressure  empty  the  vessels,  and,  if  long  con- 
tmued,  this  may  lead  to  necrosis  of  the  structure  concerned.  In  most 
cases,  however,  antemia  is  due  to  obstruction  of  ,  arteries,  but  such 
obstruction  rarely  produces  ischasmia  unless  it  be  comparatively  sudden 
and  tolerably  complete. 

Spasms  of  arteries,  that  is  to  say,  violent  contraction  of  their  middle 
coat,  may  cause  such  obstruction  as  to  produce  an  extreme  aneeniia. 
ihe  application  of  cold  to  the  skin  causes  contraction  of  the  cutaneous 
arteries-ether  spray  causes  a  striking  anaemia  by  this  means  The 
ngor  at  the  beginning  of  many  fevers,  accompanied  as  it  is  by  paleness 
and  coldness  of  the  surface,  is  due  to  spasm  of  the  cutaneous  arteries. 
mZ  TT^"'  associated  with  spasm  of  arteries.  (Du  Bois-Rey- 
md  ^]LT  P^"'"*"'  vaso-motor  system  is  peculiarly  sensitive, 
and  slight  causes  are  sufficient  to  induce  spasm  of  the  arteries  and 
a  local  anaemia. 

thf  namro°f  Ravnrr^^'"'^'"'"^      prolonged  spasm  of  arteries  is  grouped  under 
^  disease,  from  the  writer  who  first  gave  a  full  description  of 
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these  phenomena.  In  predisposed  persons  an  ordinary  exposure  to  cold,  as  in 
washing,  will  induce  such  a  spasm  as  to  render  the  fingers  bloodless  and  ances- 
thetic  ;  they  are  said  to  be  "  dead"  (local  syncope).  In  more  severe  cases  the  skin 
becomes  dark  blue  and  various  eruptions  may  form  (local  asphyxia).  In  very 
severe  cases  there  may  be  actual  necrosis  of  the  ends  of  the  fingers  and  toes.  This 
form  of  disease  is  symmetrical. 

A  Sudden  obstruction  of  an  arteiy  by  Embolism  is  a  frequent  cause 
of  Ischemia,  bat  this  frequently  gives  place  to  a  passiA'e  hypersemia. 
(See  under  Embolism. )  The  ligature  of  an  artery  or  a  sudden  com- 
pression will  also  lead  to  local  anemia. 

Disease  of  the  walls  of  arteries  is  not  a  frequent  cause  of  ischajmia, 
as  obstruction  from  such  conditions  as  atheroma  is  frequently  very 
partial,  and  even  when  considerable  is  of  slow  production.  Hence  such 
conditions  more  frequently  lead  to  passive  hypersemia  in  the  way 
already  mentioned. 

Phenomena  and  results. — In  the  anasmic  part  the  capillaries  are 
imperfectly  filled,  and  the  blood  current  is  slow.  The  part  is  con- 
sequently pale,  reduced  in  temperature,  flaccid.  Its  nutrition  is 
diminished,  and  its  elements  are  prone  to  undergo  atrophy  and 
degeneration,  or  even,  as  we  have  already  seen,  necrosis.  The  function 
will  be  interfered  with  if  the  nutrition  is  diminished,  and  if  the 
angemia  affect  an  important  organ,  the  results  may  be  serious.  Thus, 
obstruction  of  the  coronary  arteries  may  cause  death  by  paralysis  of 
the  heart.  Lastly,  a  local  anaemia  may  produce  hypersemia  else- 
where— a  collateral  hyperemia. 

Literature.— Eecklinghausen's  Handbuch,  p.  35 ;  Virchow,  Handbuch  d.  spec. 
Path,  und  Therapie,  vol.  i. ;  Eaynaud,  De  I'asphyxie  locale  et  de  la  gangrene 
symetrique,  1862;  and  Arch.  gen.  de  med.,  xxiii.,  1874;  Du  Bois-Eeymond,  Arch, 
f.  Anat.  und  Physiol.,  1860 ;  T.  K.  Monro,  Eaynaud's  disease,  1899. 


THROMBOSIS  AND  EMBOLISM. 

These  two  conditions  are  often  associated,  but  must  be  carefully  dis- 
tinguished. Thrombosis  is  the  coagulation  of  blood  within  the  vessels 
or  heart.  Embolism  is  the  obstruction  of  a  vessel  by  a  plug  brought 
from  a  distance.  The  coagulum  which  forms  in  thrombosis  is  a 
thrombus,  the  plug  which  obstructs  in  embolism  is  an  embolus.  A 
thrombus  detached  from  its  place  becomes  an  eml>olus,  and  an  embolus, 
whether  consisting  of  coagulum  or  not,  may  grow  by  successive  deposi- 
tion of  clot,  that  is  to  say,  by  thrombosis. 
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I.— THROMBOSIS. 

In  considering  the  mode  of  occurrence  of  thrombosis,  it  is  necessary 
to  refer  to  the  Coagulation  of  blood.    According  to  the  views  which 
are  identified  with  the  name  of  Alexander  Schmidt  (although  Andrew 
Buchanan  anticipated  many  of  his  results)  three  agents  are  necessary 
for  coagulation,  the  fibrinogen,  the  fibrino-plastic  substance  or  'pai-a- 
elobulin,  and  the  fibrine  ferment.     The  two  former  unite  to  form 
fibrine  in  the  presence  of  the  latter.    The  fibrinogen  is  dissolved  in 
the  lilood-plasma ;  the  paraglobulin,  at  least  chiefly,  and  the  ferment, 
entirely,  reside  in  the  white  corpuscles.     More  recent  observations 
seem  to  have  modified  this  view,  and  it  now  ajopears  that  coagulation 
occurs  by  the  conversion  of  the  dissolved  fibrinogen  into  insoluble 
fibrine,  this  being  effected  by  means  of  the  fibrine  ferment  M^hich 
resides  in  the  leucocytes.    A  third  element  however  is  still  necessary^ 
namely,  the  presence  of  a  salt  of  calcium  wdthout  which  coagulation 
does  not  occur.     From  the  blood-plasma  a  nucleo-albumin  can  be 
separated.     This,  when  brought  into  contact  with  a  solution  of 
filsrinogen  and  calcium  salts  will  induce  coagulation.     According  to 
Pekelharing  and  others  the  fibrine  ferment  is  to  be  regarded  as  a 
compound  of  nucleo-albumin  and  calcium.    When  brought  into  contact 
with  fibrinogen  the  calcium   unites   with   part  of   the  fibrinogen 
molecule,  and  the  result  is  fibrine.     Fibrine  thus,  according  to  this 
theory,  is  an  insoluble  albuminous  calcium  compound.     The  nucleo- 
allximin  resides  in  the  white  corpuscles,  and  passes  into  solution 
when  these  disintegrate.     It  is  only  by  destruction  of  the  white 
corpuscles  that  the  ferment  is  set  free ;  so  long  as  the  white  corpuscles 
cn-culate  in  the  blood  and  remain  alive  fibrine  cannot  form.  Fibrine 
will  form  when  the  conditions  are  such  that  the  white  corpuscles  are 
no  longer  preserved  alive.    Fibrine,  it  will  thus  be  seen,  is  the  result 
of  a  chemical  process,  and  the  resulting  substance,  the  fibrine,  is 
not  a  vital  structure,  but  a  dead  chemical  compound.    The  white 
corpuscles  must  not  be  exposed  to  the  contact  of  dead  matter  if 
they  are  to  be  preserved.     You  may  keep  blood  fluid  for  a  long 
time  if  you  simply  insure  that  it  is  in  contact  with  living  tissue. 
Lister  long  ago  showed  that  if  an  artery  be  ligatured  in  two  places 
and  cut  out  while  full  of  blood,  it  may  be  hung  up  and  the  blood 
wni  remain  fluid  for  some  days.     Within  the  body  if  a  vessel  be 
igatured  carefully  in  two  places,  the  middle  portion  remaining  in 
connection  with  the  living  tissues,  then  the  blood  may  be  kept  fluid 

iT.r  ^^^''"^  '^^y'^-  is  exposed  to  a  perfectly 

smooth  surface,  even  if  it  be  of  dead  matter,  it  does  not  coagulate 


76 


AFFECTIONS  OF  THE  CIRCULATION, 


readily.  Thus  a  piece  of  glass  in  the  circulating  blood  does  not 
induce  coagulation,  and  blood  in  a  vessel  whose  internal  surface  is 
smeared  with  oil  does  not  readily  coagulate. 

It  appears  from  the  observations  of  Rauschenbach  that  the  cells  of  lymphatic 
glands  when  treated  with  water  yield,  like  leucocytes,  the  ferment  necessary  for 
coagulation.  Most  other  cells  probably  possess  a  similar  power.  Foil  and  Pellaeani 
assert  that  when  fresh  brain  substance  is  treated  with  water  and  filtered,  the  filtrate 
injected  into  the  jugular  vein  of  rabbits  induces.rapid  coagulation. 

Bizzozero  asserts  that  it  is  the  blood-plates  and  not  the  leucocytes  which  have  to 
do  with  coagulation.  He  would  adopt  the  view  given  above  of  this  process,  substi- 
tuting the  blood-plates  for  leucocytes.  In  the  observations  of  Wooldridge,  a 
deposition  of  small  granules  was  observed  apart  from  ordinary  coagulation,  and 
he  regarded  these  as  composed  of  a  form  of  Fibrinogen  (A  Fibrinogen).  Lowit, 
on  the  other  hand,  holds  that  the  granules  are  composed  of  globulin,  and  are 
due  partly  to  disintegration  of  the  leucocytes  and  partly  to  precipitation  from  the 
plasma.  It  may  be  concluded  that,  besides  the  process  of  coagulation  described 
above,  and  without  such  coagulation,  the  blood  is  capable  of  depositing  solid 
granules  which  have  in  the  mass  the  characters  of  fibrine,  and  give  the  same 
reaction  as  fibrine  with  Weigert's  stain  (Lowit).  This  occurs  very  rapidly  whilst 
blood  is  cooling,  and  can  scarcely  fail  to  occur  when  blood  from  the  living  body  is 
examined  in  the  ordinary  way  by  placing  a  drop  on  a  glass  slide  and  covering  it 
with  a  thin  cover  glass.    It  occurs  also  by  mechanical  interference  with  the  blood. 

In  connection  with  this  whole  subject,  the  alleged  rapid  disappearance  of  leuco- 
cytes when  the  blood  is  shed  is  of  interest.  Lowit  asserts  that  by  examining  the 
blood  removed  from  the  living  body  in  warm  oil  on  a  warm  stage  he  prevents,  at 
least  in  part,  the  disintegration  of  the  leucocytes  and  the  appearance  of  the  disclets. 
His  enumerations  by  this  method  seem  to  show  that  the  leucocytes  are  much  more 
numerous  in  the  normal  blood  than  they  appear  in  an  ordinary  preparation,  the 
numbers  in  the  latter  case  being  80  per  cent,  fewer  than  in  the  former.  These 
observations  confirm  the  views  held  by  Cohnheim,  Schmidt,  and  others. 

The  Process  of  thrombosis. — If  a  portion  of  blood  inside  a  vessel  be 
cut  off  from  the  circulation,  then  it  will  by  and  by  coagulate  just  as  it 
does  outside  the  body,  a  leading  factor  in  the  coagulation  being  the 
disintegrating  white  corpuscles.  In  this  way  a  Red  thrombus  is  pro- 
duced. But  vessels  are  rarely  so  situated  as  to  allow  of  a  complete 
coagulation  such  as  this;  much  more  frequently  the  thrombus  is  formed 
from  the  blood  which  is  still  moying,  although  it  may  be  slowly,  and 
it  is  of  gradual  gi'owth.  The  formation  of  thrombi  in  the  living  vessels 
has  been  carefully  studied  by  Zahn,  whose  experiments  throw  much 
light  on  the  process. 

The  mesentery  of  a  frog  is  exposed  and  subjected  to  microscopic 
examination.  A  vessel  of  some  size,  an  artery  or  vein,  is  chosen,  and 
its  wall  in  some  way  injured,  as  by  twitching  it  slightly  with  the 
forceps,  or  placing  a  small  crystal  of  common  salt  near  it.  Very  soon 
white  V)lood-corpuscles  begin  to  adhere  at  the  injured  part.    As  the 
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blood  passes  over  it  successive  layers  of  white  corpuscles  adhere,  and  a 
i^rowing  clump  of  them  is  formed.  Along  with  the  ^vhite  corpuscles  a 
stray  red  one  may  be  insinuated,  or  there  may  l)e  several  red  ones. 
The  clump  so  formed,  be  it  wholly  white  or  joartly  mixed  with  red 
corjjuscles,  may  be  carried  off,  in  which  case  a  new  one  liegins  to  form  ; 
but  the  clump  may  remain  fixed  and  be  continuously  enlarged  by 
successive  depositions  of  corpuscles  from  the  circulating  blood.  In 
course  of  time  a  change  occurs  in  the  appeai'ance  of  the  clump,  the 
white  corpuscles  lose  their  individual  outline  to  a  great  extent,  and  the 
clump  gathers  itself  together  into  a  grey  granular  mass  in  which  neither 
by  acetic  acid  nor  by  staining  are  the  majority  of  the  white  corpuscles 
to  be  discovered.  It  has,  indeed,  very  much  the  characters  of  fibrine 
which  has  been  obtained  by  whipping  the  blood  outside  the  body.  The 
clump  of  white  corpuscles,  in  fact,  by  the  disintegration  of  the  cor- 
puscles and  the  attraction  of  the  fibrinogen  from  the  blood-plasma  has 
converted  itself  into  a  fibrinous  coagulum.  All  the  white  corpuscles,, 
however,  are  not  disintegrated,  some  are  still  recognizable  in  the  mass. 
A  similar  mode  of  formation  is  observed  when  a  ^'essel  is  injured  by 
pricking  with  a  needle,  or  by  cutting  it.  The  ]3resence  of  foreign 
Iwdies,  if  they  are  rough  on  the  surface,  produces  adhesion  of  white 
corpuscles  and  their  conversion  into  thrombi  in  similar  fashion.  The 
thrombus  formed  in  these  various  ways  is  called  by  Zahn  the  White 
thrombus. 

Eberth  and  Schimmelbusch,  from  a  vei-y  elaborate  series  of  observations,  have 
come  to  several  very  important  conclusions.  They  assert  that  Zahn's  observations, 
are  correct  with  the  exception  that  it  is  the  blood-plates  and  not  the  leucocytes 
which  go  to  form  the  white  thrombus.  They  do  not  regard  the  process  as  one  of 
coagulation,  but  rather  of  conglutination;  that  is  to  say,  the  clumps  of  blood-plates, 
run  together  and  form  white  masses,  in  which  no  proper  fibrine  is  present.  When 
a  foreign  body,  such  as  a  thread,  is  introduced  into  the  circulation  then  true  fibrine 
is  deposited,  but  not  in  the  simple  white  thrombus.  Leucocytes  are  often  caught  in 
the  thrombi,  in  which  they  may  be  present  in  larger  or  smaller  numbers.  These 
observations  are  explained  and  amplified  by  the  researches  of  Wooldridge  and  LOwit 
above  referred  to.  We  may  now  say  that  an  injury  to  the  wall  of  a  vessel  causes 
he  deposition  of  granules  of  solid  matter  from  the  blood,  and  that  these  granules 
have  the  characters  of  fibrine. 

In  actual  pathological  processes  in  the  human  subject  the  pure  white 
thrombus  is  frequently  seen,  especially  in  the  heart,  but  it  is  more 
irequently  mixed.  As  a  general  rule  the  thrombus  enlarges  by  fresh 
cieposition,_and  it  not  infrequently  happens  that,  as  corpuscles  accumu- 
1     '  ferment  is  produced  to  allow  of  the  coagulation  of  a 

-lyei  ot  eutu'e  blood.     Hence  strata  of  red  coagulum  may  alternate 
strata  of  white.     Again  the  thrombus  after  its  formation  may 
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iDecome  compacted  into  a  dense  white  structureless  layer  having  a 
hyaline  appearance,  and  composed  of  fibrine  which  adheres  to  the 
wall,  and  is  so  united  that  its  boundary  is  indefinite;  the  fibrine  is 
sometimes  traversed  by  canals  (channelled  fibrine).  This  condition  is 
often  seen  in  the  external  layers  of  clot  in  aneurysms.  We  may  thus 
distinguish  four  forms  of  thrombus  according  to  structure.  (1)  The 
red  thrombus,  composed  of  the  entire  blood;  (2)  the  white  thrombus; 
{3)  the  stratified  and  mixed  thrombus ;  and  (4)  the  hyaline  thrombus. 

The  main  cause  of  coagulation,  then,  is  the  contact  of  the  blood  with 
-dead  matter  or  altered  living  tissue.  In  the  living  body  anything 
which  interferes  with  the  integiity  of  the  vessel-wall  or  the  endo- 
cardium is  likely  to  predispose  to  coagulation.  Stagnation  of  the 
blood  is  often  set  down  as  a  cause  of  coagulation,  but  this  will  act 
chiefly  by  altering  the  vessel-wall,  and  by  keeping  the  white  corpuscles 
remoA^ed  from  contact  with  the  living  tissue.  As  it  is  the  endothelium 
of  the  vessels  and  endocardium  which  is  in  most  immediate  contact 
with  the  blood,  it  will  be  interferences  with  it  that  will  conduce  to 
coagulation. 

Causation. — In  most  cases  of  thrombosis  there  is  either  a  stagnation 
of  the  blood  or  else  some  palpable  injury  to  the  vessel  compromising 
its  endothelium,  and  the  various  thrombi  may  be  studied  according  as 
they  are  formed  in  one  of  these  ways  or  the  other,  while  in  some  cases 
the  action  of  both  may  be  traced.  As  we  have  already  seen,  the 
stagnation  is  rarely  complete,  and  accordingly  the  thrombi  are  mostly 
white  or  mixed,  being  formed  in  the  way  just  described. 

(ft)  Thrombosis  from  stagnation  of  blood. — It  will  be  found  that 
wherever  the  circulation  is  so  altered  that,  while  the  blood  moves  more 
or  less  freely  in  the  general  current,  there  are  subsidiary  ciu-rents  or 
eddies,  thrombosis  is  liable  to  begin  in  the  situation  of  the  latter. 
Local  dilatations  produce  this  very  directly.  In  cases  of  aneurysm  or 
varix  there  is  a  pouch  containing  blood  which  is  out  of  the  regular 
current  and  thrombosis  is  liable  to  occur,  although  in  the  case  of 
aneurysm  there  is  the  additional  fact  that  the  wall  is  considerably 
altered.  Weakness  of  the  heart,  especially  when  associated  with 
dilatation,  leads  to  imperfect  emptying  of  its  cavities,  and  the  blood 
forms  eddies  in  the  parts  most  removed  from  the  general  current  (see 
Fig.  20).  White  thrombi  often  form  in  this  way  behind  the  columnar 
carnea;,  in  the  auricular  appendages,  and  near  the  apices  of  the 
ventricles.  These  thrombi  often  assume  a  globular  shape  (Glolmlai- 
vegetations  of  La^nnec),  and  may  grow  to  a  large  size.  General  weak- 
ness or  marasmus,  occurring  in  consequence  of  debihtatnig  diseases, 
such  as  typhoid  fever,  phthisis,  influenza,  etc.,  renders  the  current  m 
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the  veins  sluggish.  The  thrombi  resulting  are  often  designated 
marasmic  or  marantic  thrombi.  There  is  under  these  circumstances 
not  only  weakness  of  the  heart,  but  the  muscles  being  weak  do  not 
assist  in  emptying  the  veins,  and  respiration  also  fails  to  give  due 
assistance.  While  there  is  a  general  sluggishness,  the  localities  in 
which  the  thrombosis  begins  usually  correspond  with  bye  currents  in 
the  circulation.  The  blood  in  the  veins  moving  slowly  and  at  a  low 
pressure  does  not  press  back  the  valves  against  the  walls  of  the  veins. 
Hence  as  the  valves  are  half  open,  the  blood  will  stagnate  in  the 
sinuses  of  the  valves,  and  thrombosis  is  liable  to  occur  there.  Coagula 
so  formed  grow  up  the  veins,  but  even  when  they  are  continuous  they 


•  i°  auricle  of  heart.    The  muscular  tissue  of  the  heart  is  shown 

ln=  >f  ?        w"""*^  transverse  section,  and,  lining  it,  the  endocardium.    The  throm- 
Dus  bulges  out  from  a  recess,    x  42. 

usually  present  a  knotted  character  from  the  parts  corresponding 
with  the  valves  being  bulkier.  This  knotted  condition  is  sometimes 
detectable  through  the  skin.  Again  marasmic  thrombi  often  begin  in 
the  longitudinal  sinus  of  the  dura  mater.  This  vessel  has  somewhat 
ngid  walls,  and  the  tributary  veins  from  the  pia  mater  are  small,  and 
in  the  erect  posture  the  blood  passes  upwards  to  the  sinus  against  the 

wTlfb    f "  then  there 

1  De  eddies  m  the  sinus,  especially  at  the  parts  lying  highest.  The 

ZcklinT^''  '^^"''"^  P*"'"^      ^"^""^        ^'^^^'^  P^^'t  of 

partlv  ,^  Thrombosis  in  the  uterine  veins  after  delivery  is 

imnerfectT  X  '^^^f^^^io"  of  blood  in  cases  where  the  uterus  contracts 
y,  but  the  injury  to  the  veins  in  the  removal  of  the  placenta 
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contributes.  In  many  instances  of  thrombosis,  designated  marantic, 
other  factors  are  in  operation  and  in  some  of  these  the  thrombosis  is 
evidently  part  of  an  infective  process. 

(b)  Thrombosis  from  alteration  of  the  wall,— Wounds  of  vessels 
induce  thrombosis,  and  this  process  bears  an  important  part  in  stilling 
hiBmorrhage.  If  the  blood  is  stagnating  in  the  veins,  as  is  the  case 
in  passive  hypersemia  from  heart  disease,  a  trivial  wound  may  start  a 
thrombosis.  Thus,  in  cases  of  valvular  disease  the  legs  are  not  infre- 
quently punctured  to  relieve  the  oedema  which  is  so  common  in  such 
cases,  and  the  punctures  may  be  the  starting  points  of  thrombosis. 
Ligature  of  vessels  causes  thrombosis,  as  there  is  rupture  of  the  internal 
and  middle  coats.  Acute  inflammation  of  the  walls  of  the  heart  or 
vessels  induces  coagulation,  as  one  sees  so  frequently  in  acute  endo- 
carditis. The  vegetations  on  the  valves  are  essentially  thrombi. 
Chronic  endocarditis  and  atheroma,  by  producing  palpable  alterations 
in  the  endocardium  or  internal  coat  of  arteries,  are  frequent  causes  of 
thrombosis,  more  particularly  when  calcareous  matter  is  deposited  and 
becomes  exposed  to  the  blood.  An  occasional  cause  is  the  protrusion 
of  tumours  through  the  walls  of  vessels,  but  this  scarcely  ever  occurs 
in  arteries  and  is  rare  in  veins. 

(c)  There  are  cases  in  which  coagulation  occurs  apparently  in  con- 
sequence of  the  sudden  setting  free  of  the  ferment  in  the  general 
circulation.  This  has  been  mostly  in  cases  of  transfusion,  where  blood 
from  one  of  the  lower  animals  has  been  used.  The  instances  of  yvide- 
spread  and  sudden  thrombosis  in  cases  of  large  and  severe  burns  and 
in  snake-bite  probably  fall  into  this  category. 

It  is  important  to  distinguish  Thrombi  which  have  formed  dm-ing  life  from 
mere  Post-mortem  Coagula.  It  will  be  clear  from  what  has  gone  before  that 
the  thrombi  are  mostly  either  white  or  grey,  but  being  formed  largely  of  white 
corpuscles  they  are  of  a  dead  or  opaque  white  or  grey  appearance.  Post-mortem 
clots  are  sometimes  pale  from  the  sinking  of  the  red  corpuscles  or  otherwise,  but 
they  are  gelatinous  and  smooth  on  the  surface  and  mostly  translucent,  whereas  the 
thrombi  are  firmer,  drier,  more  opaque  and  granular  on  the  surface.  The  thrombi 
also  adhere  to  the  wall  to  some  extent,  whereas  the  clots  do  not,  although  in 
the  heart,  from  getting  entangled  among  the  columnre  carnere,  they  may  have  an 
appearance  of  adhesion.  Lastly,  the  thrombi  are  often  stratified,  indicating  their 
deposition  in  successive  layers. 

Growth  of  thrombi.— Thrombi  begin  as  local  depositions  on  the 
internal  surface,  but  they  are  liable  to  grow  till  they  may  fill  the 
vessel,  obstructing  it  and  extending  to  further  portions  of  the  vessel. 
The  thrombus  is  composed  of  dead  matter,  and  its  surface  is  rough, 
so  that  the  conditions  are  given  for  further  deposition,  unless  the 
current  is  rapid.    The  influence  of  the  blood-current  in  determunng 
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the  extension  of  thrombosis  is  well  shown  in  the  case  of  ligature  or 
severance  of  arteries  as  in  amputations.  The  accompanying  illustra- 
tion (Fig.  21)  shows  a  section  of  a  small  artery  from  a  stump.  It 
was  not  ligatured,  but  its  mouth  is  filled  with  a  thrombus  which 
extends  exactly  to  the  first  branch  pi'oximal  to  the  plug,  or  to  the 
point  where  the  circulation  becomes  active.    In  the  case  of  the  veins 


r 


v; 


branch  going  off  to  the  r&  thrombus  comes  .accurately  to  the  level  of  a 

below  th"^        \"  P'"^''  ^'"g"^"^  ^bove  and  very  often 

below  the  thrombus,  and  it  is  in  these  vessels  particularly  that  thrombi 

nt  rus  m"  ^r''  T'^  extensively.    Thus  a  coagulation  starting  in  the 

lutW  '  o  ''l^"'"       ''''  I"  ^         observed  b;  the 

rvot;d  tC^^^^^^^^^  -  ^  —  of  the  Icidney  which 

vena  cava  .  u  '     ^^^^^^ed  thence  to  the  inferior 

thrombi  '  ThT     V  °^         ^''S'  distended  with  old 

ombi  m  the  veins  will  often  bo  found  gi-owing  on  till 
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they  reach  a  vessel  where  the  circulation  is  very  free,  and  the  globulai' 
thrombi  in  the  heart  often  grow  so  as  to  project  into  the  cavity. 
Growing  thrombi  will  be  mostly  white  or  mixed,  but  as  the  blood 
above  and  beneath  an  obstructing  thrombus  is  usually  at  a  stand-still 
or  nearly  so,  they  may  be  almost  purely  red  in  parts. 

Before  leaving  this  subject,  it  may  be  well  to  consider  Whether 
thrombosis  occurs  in  the  living  capillaries.  It  is  to  be  remembered 
that,  so  long  as  the  living  endothelium  exercises  its  due  influence  on 
the  blood,  coagulation  will  not  occur.  As  the  capillary  wall  is  entirely 
composed  of  flat  cells,  it  is  only  when  necrosis  takes  place,  as  seen,  for 
example,  in  infarction,  that  the  conditions  requisite  for  coagulation  will 
be  fulfilled.  Moreover,  as  the  tissues  depend  on  the  capillaries  for 
their  nutrition,  obstruction  by  thrombosis  will  involve  the  death  of  the 
tissues  themselves.  Hence  thrombosis  of  the  capillaries,  or  even  com- 
plete stagnation  in  them,  may  be  put  out  of  the  question  except  in 
connection  with  necrosis.  If  this  were  not  so,  the  thrombi  in  veins 
would  grow  into  the  capillaries,  and,  through  them,  into  the  arteries. 
The  capillaries,  not  admitting  of  this,  form  a  barrier  to  the  extension  of 
the  coagulation.  An  exception  to  this  general  rule  is  to  be  found  in 
certain  toxic  affections  in  which  a  peculiar  form  of  hyaline  thrombosis 
is  met  with  in  the  capillaries  as  well  as  in  the  smaller  vessels.  It 
thus  happens  that,  after  extensive  coagulation  in  the  veins,  the  circu- 
lation is  largely  maintained  by  arteries,  capillaries,  and  lymphatics, 
and  necrosis  rarely  occurs.  It  is  worthy  of  note  in  connection  with 
this  matter  that  the  blood  found  in  the  capillaries  after  death  is  nearly 
always  fluid. 

Changes  in  Thrombi. — If  a  thrombus  contains  red  corpuscles,  then 

their  colouring  matter  is  soon  dissolved 
^  out  and  stains  the  coagulum,  giving  it 

^  0  ^    frequently   a   deep   brown   tint.  The 

^  ^    pigment  sometimes  deposits  crystals  of 

^         ^  hffimatoidin,   which   may   remain  long 

unaltered.    (See  Fig.  22.)    In  course  of 
time  further  changes  occur,  of  which 
^  ^    the  more  important  are  softening  and 

^  organization. 

Softening  is  a  frequent  result,  especially 
^      in  the  coagula  in  the  heart  and  veins. 
^    .  ^     .  -A-     The  globular  thrombi  in  the  heart  fre- 

Fig.  22.— Crystals  of  hfeniatoidin 

found  closely  aggi-cgatod  in  tiio  midst   ^^^gjitiy  exhibit  this  proccss.    (oce  unaci 

of  an  old  thrombus  in  a  vom.    The     H  ^     ,      .       t      . ,      „„„f„„l  -narf-s 

crystals  have  a  deep  red  colour.  x350.  jjeart.)  It  begins  lu  the  ccntiai  parts 
Of  the  thrombus,  and  the  coagulum  breaks  down  into  a  turbid  brownish 
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juice,  the  softening  extending  gradually  outwards.  The  juice  is  often 
like  a  mixture  of  pus  and  blood,  or  in  very  white  thrombi  it  may  be 
like  pure  pus.  It  consists  of  the  debris  of  the  thrombus,  and  no  well 
preserved  corpuscles  are  to  be  found  in  it.  The  softening  may  extend 
outwards  till  a  mere  rind  is  left,  and  this  may  give  way  and  cause  the 
juice  to  be  launched  into  the  circulation.  Another  form  of  softening  is 
that  which  occurs  in  thrombosis  due  to  septic  infection,  in  the  condition 
known  as  Thrombo-phlebitis. 


/  / 


'A,,  if'.. 


we^mavti'  ""T^  1  '"^f        "^'^  ^^^^^^1-   I"  ^^^^^  ^^^es 

littCCr         "  *  •  ""^  f°^«^-tion  of 

little  stony  masses-Vem-stones  or  Phleboliths 

interest  1''^'°'  ^^^^^P^^o^  of  -  thrombus  is  a  process  of  some 
in  the  nrotl  <^^""ot  take  part 

will  come  un  .  'J^S^^^^^^ion.  In  studying  inflammation  this  subject 
a  piece  of  LTa  but  it  may  here  be  stated  that  when 

ueaa  animal  substance  is  present  among  the  living  tissues 
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the  first  step  towards  its  absorption  is  usually  its  replacement  by  an 
elementary  tissue,  the  dead  structure  constituting,  as  it  were,  a  mould 
on  which  the  new  tissue  forms  itself.  In  the  case  of  the  thrombus 
new-formed  tissue  springs  from  the  wall  of  the  vessel,  and  this  is 
accompanied  by  vessels  which  sprout  from  those  of  the  vessel-wall.  A 
vascular  tissue  thus  by  slow  degrees  eats  into  and  replaces  the  blood- 
clot.  (See  Fig.  23.)  Through  time  the  calibre  of  the  vessel  is  occupied 
by  vascular  connective  tissue  as  in  Fig.  24.    This  may  shrink  and 


wie-  94  —Vein  of  leg  fiUed  with  thi-omtaus,  which  has  become  completely  orgauized. 
New-forced  vessels  are  shown,  which  have  widened  greatly  so  as  to  partially  restore 
the  circulation.    X  25. 

obliterate  the  calibre  of  the  vessel.  But  sometimes,  especially  in 
veins,  there  occurs  a  process  which  is  shown  in  Fig.  24.  The  contrac- 
tion of  the  connective  tissue  causes  widening  of  the  vessels  in  the 
new-formed  tissue ;  and  there  may  be  produced  a  tissue  with  large 
channels,  and  through  these  the  circulation  and  the  function  of  the 
vein  may  be  restored.  A  favourite  place  for  the  formation  of  this 
cavernous  tissue  is  the  place  of  union  of  the  iliac  veins  to  form  the 
vena  cava.  Here  the  vessels  are  sometimes  found  filled  with  a  spongy 
tissue  through  which  the  circulation  is  carried  on.  By  a  still  further 
contraction  of  the  new-formed  tissue,  the  calibre  of  the  vessel  may  be 


THROMBOSIS. 


85 


completely  re-established,  the  sinus-like  blood-channels  expanding  to 
the  calibre  of  the  vessel. 

In  studying  thrombosis,  we  have  left  out  of  account  all  cases  of  what 
is  called  septic  thrombosis,  where  the  coagulation  arises  in  connection 
with  the  introduction  of  decomposing  material  into  the  veins.  Such 
processes  will  receive  consideration  in  another  part. 

Results  of  thrombosis. — Embolism  is  a  frequent  consequence  of 
thrombosis  in  any  situation.    (See  under  Embolism.) 

Thrombosis  in  veins  leads  most  directly  to  passive  hyperaemia  with 
its  consequent  oedema  and  dropsy,  and  sometimes  haemorrhage.  The 
occurrence  of  serious  oedema  depends  largely  on  the  extent  of  the 
anastomosis  of  the  obstructed  veins,  and  also  somewhat  on  the  rapidity 
with  which  the  thrombosis  has  occurred.  If  the  thrombus  forms  slowly 
the  functions  of  the  plugged  veins  may  be  largely  taken  up  by  the 
lymphatics  and  by  other  veins  which  remain  unaflfected.  In  the  case 
already  referred  to,  where  a  cancerous  tumour  in  the  kidney  had  burst 
into  the  renal  vein,  and  thrombosis  had  extended  to  the  vena  cava  and 
down  the  veins  of  both  legs,  there  was  comparatively  little  cedema  at 
any  time,  although  all  the  main  venous  trunks  of  both  legs  were 
plugged.  The  fact  that  the  thrombosis  does  not  extend  into  the 
capillaries  allows  the  circulation  to  be  carried  on  by  arteries,  capillaries, 
and  lymphatics. 

At  the  seat  of  thrombosis  there  is  usually  an  inflammation,  which 
may  be  of  considerable  intensity,  and  is  sometimes  accompanied  by 
considerable  pain.  Even  when  the  thrombus  does  not  include  specially 
irritating  material,  there  is  inflammation  of  the  wall,  leading,  especially 
in  the  case  of  veins,  to  adhesion  to  parts  around,  with  induration 
(PeriphleUlis).  A  periphlebitis,  accompanied  by  considerable  oedema 
and  by  severe  pain,  occurs  in  Phlegmasia  alba  dolens. 

It  is  important  to  know  that  these  secondary  eff-ects  of  thrombosis 
and  especially  oedema,  will  not  usually  show  themselves  for  some  time 
alter  the  onset  of  the  process.  A  coagulation  beginning  in  a  vein  will 
take  some  time  before  it  completely  obstructs  it,  and  even  when  it  has 
nronT'  '^i^''^  "ecessary  for  it  to  grow  into  other  veins  before  any 
TeTr^\^r''"\^'^  ^^"'^^         that  a  thrombosis  may 

has  ml 1 T  ^^^*^^h°^^"t  °f  P«^'tions  of  the  thrombi  before  it 
has  mam  ested  its  presence  by  hyperaemia  and  oedema. 

in  which  ''^'^""^  ^^'^^'^  '°  Gangrene,  and  in  the  few  cases 

the  ciilhr^'' n'  "'^"'""^  additional  interference  with 

the  arteries.  thrombosis,  may  cause  it,  and  so  may  disease  of 
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Thrombosis  in  arteries,  occurring,  as  it  does,  chiefly  along  with 
atheroma,  may  have  as  its  result  ischsemia  and  its  consequences. 
(See  above.) 

Literature. — Buchanan,  Proceedings  of  Phil.  Soc.  of  Glasg.,  1845  ;  Schmidt, 
various  papers.  Die  Lehre  v.  d.  fermentativen  Gerinnungserscheinungen,  1876 ; 
and  Zur  Blutlehre,  1893.  Eauschenbach,  Protoplasma  und  Blutplasma,  1882 ;  Foa 
and  Pellaoani,  Arch.  ital.  de  Biologic,  iv. ;  Hayem,  Arch,  de  physiol.,  1878,  1879; 
BizzozEEO,  Virchow's  Archiv,  vol.  xc,  1882  ;  Wooldeidge,  Chemistry  of  the  blood, 
etc.,  1893;  Lowit,  Arch.  f.  exper.  Path.,  vol.  xxiv.,  1887;  Virch.  Arch.,  vol.  cxvii., 
1889 ;  Studien  zur  Phys.  u.  Path,  des  Blutes,  1892 ;  Ebebth,  und  Schimmelbusch, 
various  papers  in  Virchow's  Archiv,  vols,  ci.,  ciii.,  cv.,  cviii. ;  Zahn,  Virchow's 
Archiv,  vol.  Ixii. ;  Viechow,  Ges.  Abhandlungen,  1856,  and  Handbuch  der  spec. 
Path.  u.  Therap.,  vol.  i. ;  Baumgaeten,  Die  Organization  des  Thrombus,  1877; 
Eecklinghausen,  Handbuch,  p.  133;  Weight,  Journ.  of  Path.,  i.,  1893;  Feeund 
(with  complete  literature)  in  von  Limbeck's  Path,  des  Blutes,  1896 ;  Welch, 
Allbutt's  Syst.  of  Med.,  vi.,  1899  (an  admirable  summary  of  our  knowledge  of  the 
subject).  " 

II.— EMBOLISM. 

Causation. — Any  solid  material  in  the  circiilating  blood  may  ob- 
struct a  blood-vessel  which  it  finds  too  small  to  give  it  passage.  It 
may  be  a  foreign  body,  such  as  a  parasitic  animal  or  vegetable,  or 
a  piece  of  a  tissue  or  tumour  or  a  piece  of  cretaceous  matter  broken 
ofi"  from  a  degenerated  valve  or  vessel.  But  the  most  frequent  source 
of  embolism  is  a  pre-existing  thrombus.  Thrombi  most  readily  be- 
come detached  from  the  heart  or  veins,  and  in  either  case  the 
thrombus  is  most  dangerous  when  it  has  grown  into  the  current  so 
as  to  be  exposed  to  the  force  of  the  blood-stream.  In  a  vein  a 
thrombus  which  completely  obstructs  the  vessel  mil  not  be  readily 
carried  away.  The  actual  displacement  of  the  thrombus  will  often  take 
place  in  consequence  of  some  compression  or  movement  of  the  body 
affecting  the  part  where  it  is  seated.  This  is  sometimes  seen  in  the 
case  of  thrombosis  in  the  uterine  veins  where  the  first  considerable 
movement  after  delivery  may  displace  the  thrombus  and  lead  to 
embolism  in  the  lungs. 

The  embolus,  whatever  its  source,  will  obstruct,  for  the  most  part, 
an  artery  or  capillary.  The  only  practical  exception  to  this  is  the  case 
of  the  portal  vein,  which  in  its  ramifications  in  the  liver  has  the  dis- 
tribution of  an  artery.  The  possibility  of  a  proper  venous  embolism 
has  been  asserted.  Foreign  bodies,  especially  if  heavy,  may  fall  back- 
wards in  the  venous  system,  but  this  is  not  an  occurrence  of  any 
practical  moment,  if,  indeed,  it  actually  occurs  in  human  pathology 
(Recklinghausen).  A  thrombus  or  other  loose  solid  body  in  the 
circulating  blood  will  usually  in  its  course  be  caught  at  a  place  where 
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an  artery  is  dividing ;  it  often  rides  on  the  bifurcation.  It  sometimes 
becomes  broken  against  the  projecting  bifurcation,  and  its  fragments 
may  be  dispersed  to  the  smaller  branches,  producing  numerous 
emboli  in  them.  The  embolus,  acting  as  a  foreign  body,  will  usually 
induce  thrombosis  on  its  surface,  so  that  it  may  get  covered  in  by  an 
encapsuling  thrombus.  As  the  embolus  may  be  derived  from  a 
thrombus,  and  may  induce  thrombosis  afterwards,  it  may  be  difficult 
to  distinguish  the  one  process  from  the  other. 

The  Diagnosis  of  embolism  from  thrombosis  rests  on  a  survey  of  the 
existing  conditions.  In  veins  and  in  the  heart  any  existing  coagulum 
must  be  a  thrombus,  as  embolism  does  not  occur  in  them.  In  arteries 
we  may  have  either,  but  the  situation  and  circumstances  will  often 
guide  us.  Thrombosis  in  arteries  almost  necessarily  implies  disease  of 
their  walls,  and  the  thrombus  is  firmly  adherent.  The  embolus,  on 
the  other  hand,  \nll  often  be  found  riding  over  a  bifurcation  and  non- 
adherent, or  there  may  be  part  adherent  (the  encapsuling  thrombus) 
and  part  non-adherent.  Assistance  may  often  be  obtained  by  finding  a 
source  of  embolism,  such  as  thrombosis,  elsewhere.  Again,  there  are 
some  arteries  much  more  prone  to  embolism  than  others.  In  the 
arteries  of  the  lungs,  intestines,  kidneys,  and  spleen,  thrombi  are  com- 
paratively rare,  l)ut  in  those  of  -the  brain,  in  the  coronary  arteries  of 
the  heart,  and  in  those  of  the  extremities  both  thrombosis  and 
embolism  are  common. 

Phenomena  of  embolism.— These  phenomena  vary  gi^eatly  in  dif- 
ferent cases,  the  variations  depending  chiefly  on  the  circumstances  of 
the  vessels  in  regard  to  anastomosing  communications.  In  this  respect 
we  have  all  degrees  of  difference. 

(a)  In  arteries  with  free  anastomosis.— In  these,  embolism  will  at 
once  cause  increase  of  pressure  on  the  proximal  side  of  the  plug,  and 
this,  with  relaxation  of  the  arteries,  may  be  sufficient  to  restore  the 
circulation  by  means  of  the  anastomosing  connections.  At  the  seat  of 
the  obstruction  thromljosis  will  occur  on  each  side,  and  by  the  organiza- 
tion of  the  thrombus  the  artery  will  be  permanently  converted  into  a 
sohd  cord  from  the  nearest  proximal  to  the  nearest  distal  branch  the 
wrculation  bemg  completely  carried  on  by  the  anastomosing  branches 
ihe  arteries  with  freest  anastomosis  are,  in  general,  those  whose 
branches  are  most  liable  from  their  situations  to  temporary  obstruc- 
tions trom  external  pressure  or  otherwise.    Hence  embolism  is  usually 

intestme,  of  the  circle  of  Willis  in  the  brain  (the  common  carotids  are 

capillar7e''  hT  """"^  ^  ^'^^^^  ^0"°^ 

y  mDolism.    As  the  capillaries  are  in  the  freest  possible  inter- 
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communication,  embolism  produces  little  disturbance  of  the  circulation, 
unless,  as  sometimes  hapiDcns,  there  be  man}^  ol:)structed  simultaneously, 

(b)  In  arteries  with  very  imperfect  anastomosis.— Cohnheim  has 
endeavoured  to  distinguish  certain  arteries  of  the  body  as  being 
entirely  devoid  of  anastomosing  connections — they  ai-e  like  the 
branches  of  a  tree,  each  division  having  no  distal  communications 
with  its  fellows.  Such  arteries  he  calls  End  arteries.  It  is  impos- 
sible to  carry  out  this  distinction  absolutely,  inasmuch  as  nearly  all 
arteries  have  at  least  fine  communications,  and  all  communicate  by 
their  capillaries.  It  may  be  said,  however,  that  the  foUo-sving  artei'ies 
have  at  least  exceedingly  imperfect  anastomosis,  and  are  practically 
end  arteries,  namely,  the  pulmonary,  renal,  and  splenic  arteries,  the 
coronary  artery  of  the  heart,  the  central  artery  of  the  retina,  and 
the  nutrient  arteries  of  the  brain,  to  which  may  be  added  the  portal 
vein.  In  addition,  the  superior  mesenteric  artery  and  the  external 
iliac  arteries  have  anastomosing  communications,  which,  in  relation 
to  the  size  of  these  arteries,  are  small.  In  such  arteries  as  those 
mentioned  the  results  of  embolism  are  not  strictly  uniform,  but  are 
nearly  always  serious.  It  may  be  added  that  the  capillaries  may  to 
some  extent  take  the  place  of  anastomosing  arteries,  and  the  results 
of  obstruction  may  be  thus  rendered  les.?  serious.  Indeed,  the  area 
of  tissue  affected  by  the  conditions  to  be  now  described  is  usually 
less  than  that  of  the  distribution  of  the  obstructed  artery.  The 
position  of  the  plug  is  therefore,  for  the  most  part,  outside  the  affected 
area,  that  is  to  say,  proximal  to  it. 

The  phenomena  of  embolism  in  the  case  of  end  arteries  may  be 
included  in  three  processes  which  manifest  themselves  separately  or  in 
combination,  according  to  the  circumstances  of  the  case;  these  are  (1) 
Engorgement,  (2)  Hasmorrhage,  and  (3)  Necrosis. 

(1)  Engorgement  is  a  great  distension  of  the- veins  and  capillaries 
with  blood;  in  fact,  an  exti'eme  passive  hyperaemia.  The  mode  in 
which  this  results  from  the  obsti'uction  of  an  artery  has  been  well 
elucidated  by  the  observations  of  Cohnheim  and  others.  Cohnheim 
observed  the  process  in  the  tongue  of  the  frog,  where  he  produced 
embolism  by  the  inti'oduction  of  blackened  pellets  of  wax  by  the  aorta. 
The  immediate  effect  of  obstruction  of  an  end  artery  was  usually 
isch£Bmia  in  all  the  vessels  of  the  part.  (See  Fig.  25.)  Soon,  however, 
a  backward  flow  of  blood  from  the  veins  was  observed,  and  this  pro- 
duced an  engorgement  of  all  the  vessels,  capillaries,  veins,  and  even  the 
branches  of  the  artery.  The  explanation  of  this  phenomenon  obviously 
is  that,  the  blood  Ijeing  suddenly  deprived  of  the  vis  a  tergo  by  the 
obstruction  of  the  artery,  the  blood-pressure  in  all  the  vessels  is  reduced 
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to  nil.  But  the  vessels  are  still  in  communication  with  the  veins  and 
capillaries  around,  and  so  the  blood,  passing  in  the  direction  of  least 
resistance,  passes  backwards  from  the  veins  into  the  vessels  of  the  part. 

(2)  Haemorrhage  was,  in  Cohnheim's  observations,  seen  to  follow  on 
the  engorgement,  and  it  took  place  by  diapedesis.  It  is  simply  au 
exaggerated  form  of  the  haemorrhage  which  we  ha^'e  seen  to  occur  in 
passive  hyperaemia,  but  in  this  case  the  nutritive  defect  in  the  vessel- 
walls  is  a  more  potent  agent. 


Fig.  20.— Diagi-am  of  conditions  following  embolism  of  an  end  artery.  In  the  figure 
to  the  left  the  state  of  ischiemia  immecUately  after  the  embolism  is  shown  lu  the 
other  figure  the  regurgitant  current  from  the  vein  is  indicated.    (After  Cohnheim.) 

The  Hsemorrhagic  infarction,  which  is  most  typically  seen  in  the 
lungs,  is  the  result  of  the  conjunction  of  the  two  processes  of  engorge- 
ment and  haemorrhage.  Microscopically  examined,  the  blood-vessels 
are  distended  with  blood,  and  the  lung  alveoli  are  filled  with  blood  to 
the  exclusion  of  the  air.  The  condition  results  from  embolism  of  the 
pulmonary  artery,  and  the  piece  of  tissue  involved  is  wedge-shaped. 
This  piece  of  tissue  is  solidified,  and  presents  a  deep  red  colour,  as  if  a 
solid  blood-clot  had  replaced  the  lung  tissue.    (See  under  Lung.) 

Engorgement  of  the  vessels  is  ascribed  by  Cohnheim  to  the  regurgitant  current 
from  the  vems,  but  further  observation  has  shown  that  when  an  artery  is  obstructed 
blood  flows  mto  the  capillaries  from  all  surrounding  communications,  from  arteries 
IsellT'l'  ^"7"''  V"""'  '^^go^-gement  may  be  due  to  the  flow  from 

Irteries  and  ^^'^^  '^'^  communicating 

P   ven     ^vcon  '       ^"""""^'^^  '°  ^'^'^  ^        "-"lotion  and 

Tthe  irJs  :r  -g--g^--t       d-Pedesis.    This  is  frequently  the  case 

lol  sm    S  "^7       hemorrhagic  infarction  often  fails  to  develop  after  em- 

branches  to  tL  1  "''''^  '^"'^  "^^^^  ^"PPl^^^  ""'"^"t 

pulmonary  artP,V  /  """^  ^°™'  anastomosing  communications  with  the 

hemorrhagic  inLt  ^^"'^  none  of  the  phenomena  of  the 

the  process  usually  T'     ,     ^^^'^  engorgement  and  hasmorrhage  occur, 

asserted  by  Grawitz  °^       ^°'»al  necrosis  of  the  tissue.    It  has  been 

-  aamilton,  and  others  that  the  hsemorrhagic  infarction  of  the 
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lung  is  not  produced  in  the  way  described  above,  and  is  not  truly  embolic  in 
character.  The  author  has,  from  repeated  observations,  convinced  himself  of  the 
embolic  character  of  the  condition,  and  concurs  with  the  view  of  Cohnheim, 
recently  supported  by  the  further  experiments  of  Orth  and  Fujinami. 

(3)  Necrosis  or  death  of  the  tissue  sometimes  follows  on  the  hsemor- 
rhagic  infarction,  but  it  may  not  so  result,  and,  on  the  other  hand,  we 
often  have  necrosis  without  engorgement  or  haemorrhage.  To  allow  of 
the  occurrence  of  engorgement  the  vessels  must  remain  alive,  other- 
wise the  blood  will  coagulate  and  obstruct  any  backward  current.  But 
necrosis  may  occur  before  time  has  been  given  for  engorgement,  or 
the  engorgement  may  be  limited  to  the  peripheral  parts.  In  the 
spleen  and  kidneys  this  is  frequently  the  case.  The  tissue,  especially 
if  the  artery  be  of  large  size,  dies  without  any  considerable  engorge- 
ment, and  in  these  organs  the  dead  tissue  undergoes  a  peculiar 
process  of  coagulation  (see  Coagulation  Necrosis),  the  result  being  the 
formation  of  a  dense  pale  wedge,  the  white  infarction.  In  the  spleen 
and  kidney  we  have  all  gradations  between  the  white  and  the  hsemor- 
rhagic  infarctions,  and  a  white  infarction  is  often  surrounded  by  a 
red  zone  in  which  haemorrhage  has  occurred.  In  the  brain  and  retina 
necrosis  occurs  in  the  form  not  of  coagulation  but  of  softening,  and 
there  is  usually  little  haemorrhage,  hence  a  white  softening. 

The  superior  mesenteric  artery,  although  it  has  many  anastomosing 
branches,  is  so  large  in  comparison  with  these  vessels  that  its  obstruc- 
tion may  lead  to  engorgement  and  necrosis  in  the  portion  of  intestine 
to  which  it  is  distributed. 

The  portal  vein  is  in  its  distribution  an  end  artery,  but  infarction  does  not  occur 
as  a  result  of  plugging.  The  explanation  is  that,  not  only  is  the  liver  supplied  by 
the  hepatic  artery  in  addition  to  the  portal  vein,  but  the  blood  of  the  former,  after 
passing  through  its  own  proper  capillaries  in  the  walls  of  the  vessels  and  connec- 
tive tissue  of  the  liver,  is  carried  into  the  interlobular  veins  which  are  the  terminals 
of  the  portal  vein.    Obstruction  of  the  latter  will  not  therefore  stop  the  circulation. 

It  will  1)6  obvious  that  arteries  possessing  free  anastomoses  may  be 
reduced  to  the  condition  of  end  arteries  if  their  anastomoses  are  no 
longer  available.  If,  as  sometimes  happens,  an  embolus  passing  to  the 
leg  breaks  up,  say,  by  being  propelled  against  a  liifurcation,  and  is 
scattered  to  a  number  of  stems  simultaneously,  then  the  circulation 
will  be  re-established  very  slowly  or  not  at  all,  and  necrosis  is  liable  to 
occur,  especially  if  the  circulation  is  already  feeble.  Thus,  we  may 
have  gangrene  of  the  toes  occurring  in  this  way.  It  is  to  be  added 
that,  in  old  people,  obstruction  of  a  number  of  arteries  sometnnes 
occurs  from  throm1)Osis  as  a  result  of  atheroma,  and  this  may  likewise 
lead  to  necrosis. 
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Disposal  of  the  infarction. — In  the  case  of  the  hfemorrhagic  in- 
farction of  the  lung,  if  necrosis  does  not  occur  there  may  be  complete 
restoration.  The  circulation  may  be  resumed  by  organization  and 
vascularization  of  the  plug  in  the  manner  already  described  under 
Thrombosis,  and  the  blood  being  removed  from  the  alveoli,  the  air 
re-enters.  (For  proof  of  this  see  under  Lung,  Hsemorrhagic  Infarction.) 
In  some  cases,  however,  necrosis  does  occur,  so  that,  if  the  patient 
survive,  symptoms  like  those  of  phthisis  develop,  and  lung  tissue  has 


dew! ^^^r"?  °^ absorption.    The  infarction  is  white  and 
depressed  below  the  level  while  the  tissue  is  puckered  around  it.    (After  Rayer.) 

been  known  to  be  spit  up.  As  the  necrosed  lung  tissue  is  cUsposed  of 
a  cicatrix  will  take  its  place'. 

The  solid  infarctions  in  the  spleen  and  kidneys,  whether  red  or 
white,  are  treated  like  dead  animal  matter  in  any  protected  situation 
among  the  living  tissues.  They  are  gradually  absorbed  (see  Fig.  26) 
and  their  place  is  taken  by  cicatrices,  in  the  midst  of  which,  even  at  a 
late  date,  little  pieces  of  cheesy-looking  material  may  be  seen.  In  the 
case  ot  red  infarctions,  the  blood-pigment  is  first  dissolved  out  of  the 
corpuscles,  and  then  partly  absorlied  and  partly  deposited  in  the  form 

'r  the  result  being  that  the  infarction  becomes  pale. 

takes°it'*i  "^"^  ^'"""^  absorbed,  and  a  cicatrix  or  a  cyst 

absorbed^  T"  ^^^^  ^^'^^'^  °^  ^^^^"'^  ^® 

•     n  the  case  of  the  superior  mesenteric  artery,  the  slough  of 
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the  bowel  and  hiemorrhage  lead  on  mostly  to  a  fatal  result,  hut  cases 
do  occur  in  which,  after  the  separation  of  a  slough,  an  ulcer  is  left 
which  may  ultimately  cicatrize. 

Special  forms  of  embolism.— (1)  Malignant  tumours  not  infre- 
quently extend  into  the  blood  and  form  secondary  tumours  by 
emboKsm.    (See  Metastasis  of  tumours.) 


3^ 


Fig.  27. — Fat  in  pulmonary  vessels  in  liiiajniia  producing  embolism  chiefly  of  the 
capillaries.    (Sactndees  and  Hamilton.) 

(2)  Parenchymatous  cells. — In  certain  injuries  and  affections  of  bone, 
cells  with  all  the  characters  of  bone-marrow  cells  have  been  found  in 
the  pulmonary  capillaries.  Instances  of  emboli  consisting  of  liver, 
spleen,  and  placental  cells  are  also  known. 

(3)  Fat-embolism.— Oil  or  fluid  fat  not  infrequently  gets  into  thej 
blood,  and  it  may  obstruct  the  small  arteries  and  capillaries  (see 
Fig.  27).    This  occui's  mostly  in  consequence  of  fracture  of  bones,  butj 
also  after  injuries  to  the  subcutaneous  adipose  tissue,  as  in  operations, 
or  from  rupture  of  the  liver  when  it  contains  fat  in  excess.    In  these! 
cases  the  fat  finds  entrance  to  the  blood  by  the  veins  which  are 
ruptured,  but  there  are  cases  in  which  apparently  it  reaches  the  lilood 
circuitously  by  the  lymphatics;  in  suppurations  occurring  in  parts] 
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rich  ill  fat,  such  as  the  uterus  after  delivery  (endometritis),  this  may- 
occur  (Cohnheim).  Oil  also  occurs  in  the  blood  in  cases  of  diabetes. 
(See  Lipasmia). 

The  oil  finds  its  way,  carried  by  the  blood,  to  the  right  side  of  the 
heart  and  on  into  the  lungs.  If  small  in  quantity  it  obstructs  a  f ew 
capillaries  and  small  arteries,  and  there  is  no  appreciable  result.  But  if 
a  considerable  number  of  small  arteries  near  each  other  be  obstructed, 
or  even  a  large  number  of  capillaries,  we  may  have  a  condition 
resembling  the  hsemorrhagic  infarction.  In  some  cases  the  oil  may, 
to  some  extent,  pass  through  the  lung  capillaries,  and  it  is  then  found 
mostly  in  the  Malpighian  tufts  of  the  kidney,  one  or  two  loops  being 
here  and  there  filled.  There  are  a  few  rare  cases  on  record  in  which 
extensive  embolism  has  occurred  in  the  smallest  vessels  of  the  brain, 
conjunctiva,  skin,  muscles,  heart,  intestines,  liver,  and  kidneys,  and  has 
apparently  been  the  cause  of  death. 

The  oil  may  be  detected  in  the  capillaries  or  small  arteries  in  the 
lung  or  elsewhere,  especially  in  sections  which  have  been  ,  treated  with 
osmic  acid. 

(4)  Air-embolism.— The  admission  of  a  considerable  quantity  of  air 
into  veins  near  the  heart  often  leads  to  a  fatal  result,  and  some  have 
supposed  that  embolism  in  the  lungs  is  the  cause.  As  the  pressvu-e 
in  the  veins  near  the  heart  is  very  low,  and  there  is  even  a  degree 
of  suction  during  inspiration,  there  is  great  danger  in  opening  such  a 
vem  as  the  jugular.  Air  admitted  at  a  distance  from  the  heart  as 
by  the  uterine  veins  after  delivery,  may  also  cause  death  (Birch- 
Hn-schfeld).  In  regard  to  the  cause  of  death  in  these  cases  it  is 
important  to  notice  that  a  repeated  admission  of  small  quantities  of 
air  does  not  produce  serious  results,  whereas  a  single  large  admission 
IS  rapidly  fatal.  This  hardly  looks  as  if  embolism  were  the  cause 
and,  as  a  matter  of  fact,  the  air  is  found  after  death  mainly  churned 
up  with  the  blood  in  the  right  auricle  and  ventricle,  which  are 
usually  enormously  dilated.  It  seems  that  the  right  ventricle,  in  con- 
tracting merely  squeezes  together  the  elastic  air  which  again  expands 

death  ZltTir  T-    -^'^  -  ^^-dstill  and 

'  (^\  T.f  '  ^^P^^"^t^on  IS  "ot  universally  accepted 

been  iSttrr'^'r  o/ embolism  have 

itself  of  an  ind  ff      f     ^^TOosition  that  the  obstructing  plug  is  in 

plug  IZ^t^'  '.'^'T-  ^'^^  -P-ially  if  the 

g    ntains  specific  microbes,  more  particulariy  those  of  inflammation 
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(pyogenic),  then  the  results  are  very  different.  In  some  cases  the  veins 
are  in  communication  with  wounds  which  are  the  seat  of  decomposition, 
and  the  thrombi  which  form  contain  pyogenic  microbes.  If  embolism 
occurs,  then  each  embolus,  whether  in  an  artery  or  capillary,  is  likely 
to  form  a  centre  of  inflammation.  Hence  arise  multiple  abscesses, 
chiefly  in  the  lungs,  but  also  in  the  kidneys,  liver,  and  elscAvhere.  A 
similar  infective  embolism  may  occur  in  consequence  of  the  existence 
of  a  focus  of  infection  in  the  heart.    (See  Ulcerative  Endocarditis.) 

Literature. — Viechow,  as  under  Thrombosis;  Cohnheim,  Neue  Untersuchungen 
liber  die  embolischen  Processe,  1872;  Allgemeine  Pathologie,  1882,  chap.  iv. ; 
Cohnheim  und  Litten,  Virch.  Arch.,  Ixv.  and  Ixvii. ;  Kossuchin,  Virch.  Arch.,  Ixvii. ; 
Ebcklinghausen  (Retrograde  Embolism),  Virch.  Arch.,  c;  Gbawitz,  Hasm.  Infarkte 
der  Lunge,  1891;  Hamilton,  Text-book  of  Path.,  i.  683,  1889;  Fujinami,  Virch. 
Arch.,clii.,  61  and  193,  1898;  Zieglee,  Allgem.  Path.,  1898  (references);  Welch, 
Allbutt's  Syst.  of  Med.,  vi.,  1899  (with  literature) ;  EmholiHm  of  superior  mesenterir 
artery — Litten,  Virch.  Arch.,  Ixiii. ;  Moyes,  Glasgow  Med.  Jour.,  1880  (full  account 
of  literature,  etc.).  i^a^-em&ofem— Zenker,  Beitrage,  z.  norm,  und  path.  Anat.  d. 
Lunge,  1862,  p.  31 ;  Wagner,  Arch.  d.  Heilk.,  1862,  iii.,  241 ;  Busch,  Virch.  Arch., 
1866,  XXXV.,  321;  Scriba,  Deutsch.  Zeitschr.  f.  Chirurgie,  xii.,  118;  Saunders  and 
Hamilton,  Edin.  Med.  Jour.,  July,  1879;  Beneke,  Ziegler's  Beitrage,  xxii.,  1897; 
Hanriot,  Compt.  rend.  acad.  des  sc.,  1896-97.  Air-embolism— AMvsski,  Intro- 
duction de  I'air  dans  les  veines,  1839;  Panum,  Virch.  Arch.,  xxv. ;  Coutt,  Etude 
exp6r.,  1875;  Birch -Hieschfeld,  Lehrbuch  d.  path.  Anat.,  1896,  vol.  i.,  p.  36; 
Haueb,  Zeitschr.  f.  Heilk.,  xi.,  1890;  Lewin,  Arch.  f.  exper.  Path.  u.  Pharm.,  xl., 
1897.  Cell-embolism— liVBmscs,  Fortschr.  d.  Med.,  xi.,  1893,  and  Virch.  Arch., 
cli.,  1898;  Aschoff,  Virch.  Arch.,  cxxxiv.,  1893;  Maximow,  ibid.,  cli.,  1898. 


HAEMORRHAGE. 

Two  forms  of  hsemorrhage  are  to  be  distinguished,  namely,  by 
rupture  {per  rhexin),  and  by  diapedesis  (per  diapedesin).  In  the  latter 
case  the  blood  escapes  through  the  walls  ^vithout  solution  of  their 
continuity.  Hemorrhage  by  rupture  may  take  place  from  any  size  or 
kind  of  vessel,  and  when  it  occurs  there  will  be  an  escape  of  the  whole 
blood  Hemorrhage  by  diapedesis  occurs  only  in  the  finest  vessels, 
mainly  the  capillaries ;  it  is  chiefly  the  red  corpuscles  which  escape, 
and  with  them,  of  course,  some  fluid,  but  the  fluid  has  not  the  con- 
stitution of  the  entire  blood  plasma. 

1  Causation.-The  escape  of  blood  is  produced  for  the  most  part  by 
iniury  or  disease  of  the  walls  of  the  heart  or  blood-vessels,  or  by  an 
increase  in  the  blood-pressure,  or  by  both  combined.  Some  would  add 
to  these,  alteration  in  the  constitution  of  the  blood,  but  this  wall  act  in 
most  cases  by  injuring  the  walls  of  the  vessels.  It  is  not  possiWe  t« 
separate  accurately  in  their  causation  hemorrhage  by  ruptm-e  and  by 
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diapedesis.  It  will  be  more  useful  to  enumerate  the  various  conditions 
which  may  lead  in  one  way  or  other  to  haemorrhage. 

Haemorrhage  is  most  simply  produced  by  Direct  injury  (traumatic 
haemorrhage),  as  in  wounds,  bruises,  fracture  of  bones,  etc.  It  may  be 
produced  by  Reduction  of  pressure  outside  the  vessels,  so  that  the 
blood-pressure  is  relatively  increased.  In  this  way  we  may  have 
haemorrhage  as  a  result  of  reduction  of  the  atmospheric  pressure 
in  cupping,  in  ascending  hills,  or  in  balloons.  To  a  similar  cause 
may  be  ascribed  haemorrhage  on  sudden  removal  of  tumours  or 
exudations. 

Venous  obstruction  is  one  of  the  most  important  causes  of  hasmor- 
rhage.  A  frequent  example  of  this  is  afforded  by  hemorrhage  from 
the  stomach  and  intestine  in  consequence  of  obstruction  of  the  portal 
vein  by  thrombosis  or  by  cirrhosis  of  the  liver.  Thrombosis  of  the 
longitudinal  sinus  of  the  dura  mater  may  lead  to  haemorrhage  into  the 
brain  substance ;  the  haemorrhage  is  usually  capillary,  but  may  be  in 
the  form  of  a  large  extravasation.  Violent  contraction  of  muscles  is 
not  a  common  cause,  but  in  severe  vomiting  the  obstruction  of  the 
veins  by  the  contraction  of  the  muscular  coat  of  the  stomach  fre- 
quently produces  ecchymosis  of  the  mucous  membrane  and  erosions,, 
and  sometimes  leads  to  considerable  haemorrhage.  In  all  these  cases 
the  venous  obstruction  induces  passive  hyperemia,  and  the  hajmorrhage 
is  mostly  by  diapedesis. 

Increase  of  arterial  pressure  is  rarely  in  itself  a  cause  of  hasmor- 
rhage.  It  is  probably  the  chief  element  in  the  causation  of  the  small 
subpleural  and  subpericardial  hemorrhages  met  with  in  death  by 
asphyxia.  (See  under  Organs  of  Eespiration.)  It  is,  on  the  other 
hand,  a  frequent  contributing  cause  where  there  is  existing  disease 
of  the  vessels. 

Disease  of  the  walls  of  the  heart  or  vessels  is  another  cause  of 
hemorrhage.  In  this  category  are  included  conditions  of  the  heart 
due  to  disease  of  the  coronary  arteries  (which  see),  aneurysm  and 
atheroma  of  arteries,  and  varicose  dilatation  of  veins.  In  all  of  these 
a  rise  ui  the  blood-pressure  is  frequently  the  determining  cause  of  the 
hemorrhage,  and  hypertrophy  of  the  left  ventricle,  implying  a  more 
or  less  permanent  elevation  of  the  blood-pressure,  forms  a  constant 
source  ot  danger,  where  the  vessels  are  diseased.  New-formed  vessels 
n^rr  new-formations  or  in  tumours,  are  prone  to 

of  «rt^^'''T  ^  of  ^^^^  ^alls-  Obstruction 

seen  in  th        "^P^"^^i««  P^duces  hemorrhage,  as  we  have  already 
whpn  fl..  Vf    °*  ^^"^  hemorrhagic  infarction.    Fat-embolism,  even 
the  obstruction  is  entirely  capillary,  may  have  this  effect,  and 
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according  to  Busch  and  liecklinghausen  the  haemorrhages  may  be  in 
the  brain  and  heart  as  well  as  in  the  lungs. 

Hsemophilia  or  Haemorrhagic  diathesis  is  a  condition  in  which 
haemorrhage  is  apt  to  occur  from  very  trivial  causes,  and  it  is  very 
difficult  to  get  the  haemorrhage  stopped.  It  is  an  eminently  hereditary 
condition,  and  is  probably  due  to  faulty  construction  of  the  vessels. 
Virchow  has  observed  thinness  and  smallness  of  the  aorta  in  one 
case,  and  Blagden  describes  a  case  in  which  the  arteries  were  thin 
and  nearly  transparent. 

Blagden' s  description  of  the  whole  case  certainly  suggests  defects  in  the  arteries 
as  the  cause  of  the  haemorrhage.  The  patient,  when  a  boy,  had  a  tooth  extracted, 
and  the  bleeding  lasted  21  days.  At  the  age  of  26  a  slight  wound  of  the  forehead 
caused  a  long- continued  and  recurring  hsBmorrhage.  The  divided  vessel  was 
ligatured  in  two  places,  but  it  gave  way  behind  the  ligature,  and  the  hffimorrhage 
returned.  The  coats  of  the  vessel  were  observed  to  be  very  thin,  like  paper.  This 
htemorrhage  was  ultimately  stopped  by  the  application  of  caustic  potash,  which 
caused  extensive  sloughing  and  exfoliation  of  bone.  The  fatal  hsemorrhage  resulted 
from  the  extraction  of  a  tooth.  There  was  profuse  bleeding  from  the  alveolus,  which 
could  not  be  controlled  by  stuffing  the  socket,  by  cold,  or  by  the  cautery.  Then  the 
carotid  was  ligatured,  but  the  bleeding  continued,  and  occurred  also  in  the  operation 
wound.  The  patient  died  a  week  after  the  extraction  of  the  tooth.  After  death 
the  coats  of  the  temporal  and  some  other  branches  of  the  external  carotid  were 
seen  to  be  thin  and  nearly  transparent. 

Alteration  of  the  blood  is  another  cause  of  haemorrhage.  It  may 
be  that  the  blood  has  been  altered  as  regards  one  or  more  of  its 
essential  constituents,  as  in  scurvy,  anaemia,  leukaemia,  or  that  a 
morbid  poison  is  present  in  the  blood,  as  in  typhus  fever  (petechiae  in 
skin),  small-pox,  yellow  fever,  snake-bite,  poisoning  by  phosphorus. 
Watson  Cheyne  and  Russell  have  ascribed  the  haemorrhage  in  purpura 
to  obstruction  of  capillaries  by  colonies  of  microbes.  Weigert  has 
described  a  similar  condition  in  haemorrhagic  small-pox. 

Nervous  influences  may  lead  to  hajmorrhage.  The  physiological 
htemorrhage  of  menstruation  is  effected  by  means  of  the  nervous 
system.  The  same  applies  to  vicarious  menstruation,  in  which,  in 
consequence  of  interference  with  the  ordinary  process  in  the  uterus 
haemorrhage  occurs  in  other  situations,  as  the  nose,  mouth,  or  lungs. 
Bloody-sweating  or  Hasmatidrosis  is  another  instance  of  bleeding  ni 
consequence  of  nervous  influences. 

2  Stilling  of  hsemorrhage.— In  the  case  of  haemorrhage  by  diapc- 
desls,  and  more  particularly  in  haemorrhage  due  to  passive  hypera^mia 
and  alterations  in  the  blood,  the  liajmorrhage  mil  cease  when  tlie 
cause  is  removed.  If  the  vessel  has  been  actually  ruptured,  then 
the  stoppage  will  occur  hy  thrombosis.    The  torn  edge  of  the  aper- 
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ture  wall  itself  induce  thrombosis  (Fig.  21,  page  81),  and  as  the  blood 
is  in  motion  the  thrombosis  will  be  a  white  or  mixed  one.    It  often 
happens  that  as  the  current  is  too  strong  to  allow  of  a  thrombus 
readily  forming  at  the  aperture,  the  coagulation  may  begin  in  the  blood 
outside,  and  the  clot  thus  formed  may  materially  assist  in  stopping  the 
aperture.    Thus  in  the  case  of  a  divided  artery  the  contraction  of  the 
muscular  coat  causes  narrowing  of  the  calibre  and  a  withdrawal  of 
the  vessel  within  its  sheath.    There  is  thus  left  a  certain  extent  of 
empty  sheath  in  which  the  blood  may  coagulate.   This  contraction  of  the 
muscular  coat  is  brought  alwut  in  the  first  instance  by  the  stimulus 
of  the  agent  which  caused  the  rupture,  and  it  will  be  kept  up  by 
the  irritation  of  the  blood  on  the  exposed  and  torn  structures.  Other 
circumstances  may  favour  the  stilling  of  the  hgemorrhage.    If  the 
bleeding  is  considerable  the  antemia,  by  weakening  the  heart  and 
reducing  the  blood-pressure,  will  more  readily  allow  of  thrombosis. 
On  the  other  hand,  circumstances  may  be  unfavourable  to  the  stilling 
of  the  heemorrhage,  more  especially  when  they  hinder  contraction  of 
arteries.    Amongst  these  may  be  mentioned  disease  of  the  walls  of 
arteries  (atheroma,  aneurysm),  the   application   of  warmth,  and  a 
longitudinal  wound.    In  the  last-mentioned  case  the  contraction  of 

'''''''  '^^""^  *°  S^P«'  ^^^d  the  haemorrhage  is 
mth  difficulty  stopped  unless  the  surgeon  cuts  the  vessel  right 
across.  ° 

3  Seat  of  the  eflPused  blood.-When  bleeding  occurs  at  the  free 
surface  of  the  body,  the  blood  usually  passes  away  and  is  lost.  On  the 
other  hand,  it  may  take  place  into  an  existing  cavity,  or  the  blood  may 
make  a  cavity  or  itself  by  tearing.  Sometimes  the  blood  in  such  a 
cavity  forms  a  distmct  tumour-like  mass,  which  may  be  somewhat  per- 
manent ;  this  condition  is  called  Haematoma.  If  the  blood  permeates 
the  interstices  of  the  tissues  without  tearing,  the  condition  caUed 

^t^i^'    '"'ZZ  Small  patches  of  h.inor- 

P' tfchiee  or  ^  ^^^^^^^^        -^^^  -  called 

fromThtnt^Hll^^^^^^^^^^  '''''''  '^^'^^  =  ^P^^*^^^  is  bleeding 

organs,  MetrorrL  "     om  f   r  the  respiratory 

blood  accumulaS  e  ;"ie3  sn  the  urinary  organs  When 

of  the  uterus,  H  JaZela      f  tl  °'T''  8'^^"  '  '^^^     the  case 

Hamoperloardium-  oiZluV-  ''''  of  the  pericardium, 

^      ^         '"n  ,  ot  the  tunica  vagmahs  of  the  testicle,  Hematocele! 

and'inZTt\lioth!l?/-^u        '^'^      haemorrhage  by  diapedesis 
"lorrhagic  infiltrations,  the  blood,  being  in  the  serous 

Cr 
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spaces  and  in  communication  with  the  lymphatics,  is  readily  carried  off'. 
Before  it  is  finally  disposed  of  in  this  way,  however,  it  may  have 
undergone  changes,  especially  in  the  red  corpuscles,  such  as  result  in 
a  greater  or  lesser  degree  of  pigmentation.  These  changes  are,  how- 
ever, similar  to  those  about  to  be  mentioned  as  occurring  in  larger 
haemorrhages. 

In  larger  haemorrhages  the  blood  forms  a  mass  and  coagulates,  while 
at  the  periphery  there  is  a  certain  amount  of  infiltration  into  the 
surrounding  tissue.  An  early  phenomenon  is  the  solution  of  the 
hEemoglobin  of  the  red  corpuscles.  A  red  solution  is  thus  formed 
which  may  stain  the  tissues  for  some  distance  around.  The  peculiar 
bright  red  colour  which  one  sees  in  the  neighbourhood  of  a  haemor- 
rhage in  the  brain,  or  the  various  coloms  seen  in  the  skin  after  an 
eflFusion  of  blood  into  it,  are  due  to  staining  of  the  tissues  mth  the 
dissolved  colouring  matter  of  the  blood,  but  neither  of  these  is  per- 
manent. As  the  pigment  is  dissolved  it  will  pass  off  with  the  fluid 
into  the  lymphatics,  and  the  staining,  while  it  may  be  somewhat 
extensive,  will  be  evanescent. 

A  more  durable  Pigmentation  may  result  in  two  different  ways. 
In  the  first  place,  the  colouring  matter  after  being  dissolved  out  of  the 

corpuscles  is  often,  after  a  time, 
deposited  in   the   solid  form, 
appearing  as  crystals  of  haema- 
A  ~^    toidin    (see    Fig.    28),    or  as 

^  granules.     This   soHd  pigment 
somewhat    permanent.  In 
#  I  the  second  place,  the  red  blood- 

^  1^    corpuscles  may  be   taken  into 

the  substance  of  other  cells, 
^ori^lT^^Lt'^o^^  ^nd  SO  disposed  of.  (See  Path- 
brown.   x350.  ological  Pigmentation.) 

If  the  blood  is  considerable  in  amount  it  comes  to  be  treated  as 
a  piece  of  dead  animal  matter  in  the  midst  of  the  living  tissues. 
Inflammation  occurs  around  it,  and  this  leads  to  what  is  called 
Organization  of  the  clot.  In  this  case  the  process  is  very  smiilar  to 
that  already  referred  to  in  the  organization  of  the  thrombus  (which 
see)  and  the  result  is  usually  the  formation  of  a  cicatrix,  bometimes 
a  process  in  some  respects  similar  to  the  formation  of  cavernous  t^sue 
in  place  of  the  thrombus  occurs,  but  instead  of  the  meshes  bemg  fil  ed 
with  blood  they  are  filled  .vith  serous  fluid.  Thus  in  the  case  of  a 
hemorrhage  in  the  substance  of  the  bnvin  the  -^-''^^'^^ ^^^^ 
tissue  which  replaces  the  effused  blood  is  unal)lo  from  the  bnttie 
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nature  of  the  brain  tissue,  and  from  the  fact  that  it  is  contained  in  a 
closed  rigid  cavity,  to  form  a  cicatrix  by  its  contraction.  Instead  of 
that,  by  its  contraction  it  leaves  spaces  which  are  filled  with  serous 
fluid,  and  so  we  have  the  apoplectic  cyst. 

An  old  clot  which  is  not  in  a  position  to  be  readily  disposed  of  in 
any  of  the  ways  described  may  dry  in  and  finally  become  impregnated 
mth  lime  salts.  It  need  hardly  be  said  that  when  exposed  to  septic 
influences  a  clot  is  liable — perhaps  very  liable — to  undergo  decom- 
230sition. 

Literature. — Hcemorrhage  by  diape.dtds — Steickbe,  Sitzungsber.  d.  Wien.  Akad., 
1865-66-67;  Cohnheim,  Virch.  Arch.,  xli.  and  xlv.,  and  Allg.  Path.,  i.,  368; 
Arnold,  Virch.  Arch.,  Iviii.,  203,  231.  Hwmophilia—BLxaDBN,  Med.  Chir.  trans., 
viii.,  224,  1820;  Wickham  Legg,  Treatise  on  H.,  1872;  Geandidieh,  Die  Hamo- 
philie,  1877  ;  Eecklinghausen,  Allg.  Path.,  p.  91 ;  Viechow,  Deutsch.  Klinik,  1856. 
PM)-7)i{ra— Edssell,  Brit.  Med.  Jour.,  Sept.,  1883;  Watson  Cheyne,  Path,  trans., 
XXXV.,  1884.  A  rresl  o/Ac«>io?-r/ja(/e— Stilling,  Proc.  bei  d.  Heilung  der  Blutgefasse, 
1834;  Paget,  Lectures  on  Surg.  Path.,  3rd  ed.,  1870.  Hmnatoina—Yincnow, 
Geschwiilste,  i.,  144. 

CEDEMA  AND  DROPSY. 

In  order  to  understand  these  conditions  it  is  necessary  to  refer  to 
certain  points  in  the  normal  relations  of  the  lymphatic  circulation. 
The  connective  tissue  throughout  the  body. is  as  it  were  permeated 
Avith  spaces  of  various  shapes  in  which  the  connective  tissue  corpuscles 
he.  These  lacunae  or  serous  spaces  are  lined  with  endothelium  like 
the  blood-vessels  and  lymphatics  themselves.  The  serous  spaces  are 
provided  (as  shown  in  Fig.  29)  with  numerous  anastomosing  processes, 
and  they  communicate  on  the  one  hand  with  the  interior  of  the  blood- 
vessels, and  on  the  other  with  the  lymphatics.  Arnold  and  others  (see 
Fig.  30)  have  succeeded  in  injecting  the  serous  spaces  from  the  blood- 
vessels, especially  when,  as  in  passive  hypersemia,  the  channels  of 
communication  between  blood-vessels  and  spaces  have  been  widened 
A  circulation  of  a  clear  fluid-the  lymph-is  continually  proceeding 
from  the  capillary  blood-vessels  into  these  spaces,  and  so  into  the 
capillary  lymphatics.  The  escape  of  fluid  is  brought  about  by  means  of 
a  process  of  filtration  and  a  process  of  diffusion  or  osmosis.  -Heidenhain 
"c  etotfLT  -dothelium  of  the  capillaries  a  certain 

0  the  fl^^^^^^^^^^  thus  account  for  the  variation  in  the  composition 

regarded  L  iT  ^  "'''''^'^^  b«dy  are  to  be 

anf  S  con  ;  f  'P'^'"    ^^^^  -i^h  endothelium, 

exterals:  t^  X^^^^     f  »^  -P^"--"         ^  ^onsi^er^Ue 
lung  alveoli  are  similar  to  the  serous  spaces.    We  know 


100 


AFFECTIONS  OF  THE  CIRCULATION. 


that  fine  dust  inhaled  into  the  alveoH  readily  passes  into  the  lymphatics, 
and  in  oedema  of  the  lung  the  fluid  is  in  the  alveoli. 

(Edema  is  overfilling  of  the  serous  spaces  with  fluid,  dropsy  is  over- 
filling of  the  serous  cavities,  but  the  latter  term  is  often  used  in  a 
general  sense  to  include  both.  When  oedema  affects  the  body  generally 
it  is  often  called  general  dropsy,  or  Anasarca  or  Hyposarca.  Opposed 


Fiir  23  —Serous  spaces  (c,  c)  and  lymphatic  capmarios  (rf,  d)  on  pleural  surface  of  dia- 
phragm in  preparation  treated  with  nitrate  of  silver.  The  connection  of  thebnmched 
spaces  with  the  commencing  lymphatic  vessels  is  shown.  (RKCKLlNOBADSffN.) 

to  this  are  local  oedema  and  local  dropsy.  Special  terms  are  in  use 
according  to  the  locality  of  the  fluid  accumulation,  men  present  in 
the  abdominal  cavity  the  term  Ascites  is  used,  when  in  the  pleural  and 
pericardial  sacs  the  terms  Hydrothorax  and  Hydropericardium  are 
employed.  Internal  and  External  hydrocephalus  signify  fluid  accumu- 
lations in  the  ventricles  and  in  the  soft  membranes  of  the  brain 
respectively. 

Causation  and  nature  of  the  process.— Anything  which  causes  an 
excess  of  fluid  in  these  spaces  or  cavities  will  produce  osdema  or  dropsy, 
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and  the  first  condition  which  suggests  itself  is  obstruction  of  the 
lymphatics.  The  force  which  carries  on  the  lymphatic  circulation  is 
largely  the  blood-pressure  propagated  from  the  capillaries,  and  it  may 
be  expected  that  obstruction  to  a  lymphatic  stem  would  produce 
accumulation  of  fluid  in  the  spaces.  But  it  is  to  be  remembered  that 
the  serous  spaces  are  in  as  close  relation  to  the  blood-capillaries  as  they 
are  to  the  lymph-capillaries,  and  any  obstruction  to  the  lymphatics  will 
probably  have  the  effect  of  causing  the  transuded  fluid  to  return  to  the 


Fig.  30.— Capillary  bloocl-ve.s.sels,  serous  spaces,  and  capiDarv  Ivmnhatics  of  thn 
Zlar\Thr^A  -"^.(W^x^)  injection  material  thr^o4^Tto  thrblood- 

vessels.    (The  black  branched  bodies  are  the  normal  pigment  cells  )   o  a  Caiiillarv 

but  fesslul  'tMn        ^  "^'^^i^  Lym'pb^ic  eapiUa^ies  a?so  inTecS 

vessels    tL  iilntfo  capil  anes     c,  c,  Serous  spaces  injected  from  the  blood- 

Sring^tt"r.'"(AZl^  l^'^'^^"'^  ^^T"^™--  ^-'^  '--^  produced  by 

blood-capillaries.  Majendie  demonstrated  that  the  power  of  al^sorption 
possessed  by  the  veins  is  very  great,  and  experiment  has  shown  that 
the  whole  lymphatics  of  a  limb  may  be  ligatured,  or  what  is  equal  to 
that,  the  entire  lymphatic  glands  excised  without  producing  oedema 
rhe  blood-yessels  take  up  the  functions  till  new  lymphatic  channels 
are  lormed. 

CBcW  n.'^'  '^^''"f.  ^""'^  Obstructed  there  is  not  necessarily  any 
Sere  .1  f "^^^^  ^^^^^^'^^  ^^e  duct  generally 

C  "le  7^  P^""^P«^^  0-  ?he  other 

nf  nl.'«tr„.4.-    ^    n       °"^^^"cted  there  is  distension  distal  to  the  seat 

chyC  asl!  I^«^Wi"ghausen  has  also  seen  a  case  of 

ansing  from  obstruction  of  the  chyle  vessels  of  the 
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mesentery  with  cancerous  growth.  Manson,  again,  accounts  for  the 
occurrence  of  chylous  urine  and  lymph  scrotum  hy  obstruction  of  the 
lymphatic  glands  with  the  embryoes  of  the  filaria  sanguinis  (see  under 
Parasites).  We  may  say,  however,  that  vnth  these  exceptions, 
obstruction  of  lymphatics  does  not  of  itself  lead  to  oedema  or  dropsy, 
although  it  is  clear  that  it  may  aggravate  an  cedema  whose  cause  is 
to  be  found  in  some  other  condition. 

The  most  frequent  cause  of  cedema  and  dropsy  is  Passive  hypersemia, 
such  as  results  in  cases  of  uncompensated  vahailar  disease  of 
the  heart,  cardiac  insufficiency,  or  marked  pulmonary  obstruction. 
Here  there  is  increased  pressure  in  the  capillaries  and  veins,  and  a 
greatly  increased  transudation.  From  what  has  gone  before,  it  will 
appeal'  probable  that  the  increase  of  pressure  is  not  the  only  element 
in  the  case,  but  that  the  capillary  wall  is  so  altered  as  to  be  abnormally 
permeable.  Indeed,  alteration  of  the  capillary  wall  is  evidently  the 
more  important,  as  shown  by  the  fact,  already  referred  to,  that  cedema 
is  most  likely  to  occur  where  from  weakness  of  the  heart  the  circulation 
is  specially  sluggish.  It  is  so,  for  example,  in  hypostatic  hyperajmia. 
The  observations  of  Lazarus-Barlow  indicate  that  increase  of  ^^'enous  or 
of  lymphatic  pressure  alone  is  insufficient  to  produce  cedema,  and  that 
in  the  oedema  of  passive  hypersemia  insufficiency  in  the  svipply  of  blood 
or  in  the  quality  of  the  l)lood  is  the  essential  element.  This  view 
appears  more  prol^able  when  we  find  that  Active  hypersemia  rarely 
produces  oedema  unless  complicated  with  inflammation,  in  which  case 
the  agent  which  causes  the  inflammation  presumably  acts  on  the 
capillary  wall.  (See  under  Inflammation.)  In  passive  hyperajmia  the 
fluid  exuded  is  a  watery  serum,  and  as  there  is  diapedesis  it  contains 
red  corpuscles  in  considerable  numbers.  The  red  corpuscles  are  taken 
up  by  the  leucocytes,  and  carried  to  the  lymphatic  glands  M-here  they 
disintegrate. 

It  should  be  added  that  in  the  case  of  passive  hypertemia  it  requires  considerable 
increase  of  pressure  in  the  capillaries  to  produce  an  cedema.  It  has  even  been 
stated  that  a  simple  passive  hypersemia,  apart  from  vaso-motor  paralysis  (producing 
also  active  hypertemia),  does  not  lead  to  oedema.  It  has  been  shown  that  if  the 
iliac  vein  of  a  dog  be  ligatured  there  is  no  oedema  till  the  sciatic  nerve  is  cut.  The 
explanation  of  this,  however,  may  be  that  on  account  of  its  anastomoses  the 
obstruction  of  this  vein  does  not  raise  the  blood-pressure  sufficiently  to  induce 
oedema  whereas  a  coincident  vaso-motor  paralysis  producing  dilatation  of  the 
arteries'  raises  the  blood-pressure  sufficiently.  Experiment  proves  that  if  a 
sufficient  number  of  veins  be  obstructed  oedema  will  result  without  vaso-motor 
paralysis.  Sotnitchewsky,  by  introducing  plaster  of  Paris  into  a  peripheral  v-ein 
of  the  leg  of  a  dog  while  the  thigh  was  constricted  by  an  elastic  band,  succeeded 
in  obstructing  a  number  of  veins  by  the  gypsum  hardening  in  them.  Li  this  case 
oedema  followed  without  the  induction  of  vaso-motor  paralysis.    In  passive  hyper- 
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ffimia  from  thrombosis  of  veins  there  are  usually  many  veins  obstructed  before 
cedema  occurs.  In  the  case  of  passive  hyperfemia  from  heart-disease  it  may  well 
be  supposed  that  the  prolonged  venous  engorgement  will  produce  an  extensive 
deterioration  of  the  capillary  wall,  besides  a  deterioration  of  the  blood  itself. 
Hence  valvular  disease  of  the  heart  is  the  most  frequent  cause  of  this  form  of 
oedema. 

A  watery  state  of  the  blood,  or  Hydrsemia,  is  frequently  asserted  as 
a  cause  of  the  so-called  cachectic  cedemas.  According  to  Cohnheim 
and  his  assistants  a  simple  anaemia  induced  in  animals  by  repeated 
blood-lettings  and  the  replacement  of  the  blood  by  a  solution  of  common 
salt,  is  not  sufficient  to  induce  oedema.  In  the  human  subject,  however, 
the  conditions  are  different  from  those  of  such  an  acute  hydrsemia,  in 
respect  that  in  chronic  emaciating  diseases  we  have  a  prolonged  deteri- 
oration of  the  blood,  during  which  the  general  nutrition  of  the  tissues 
suffers.  Under  these  cii'cumstances  the  blood-vessels  become  more 
permeable.  There  is  usually  also  in  these  diseases  weakness  of  the 
heart,  and  consequently  a  tendency  to  passive  hyperasmia  in  dependent 
parts.  A  slight  amount  of  passive  hypersemia  will,  in  the  existing 
state  of  the  blood  and  tissues,  induce  oedema.  In  accordance  with 
these  facts,  the  oedema  is  usually  in  the  lower  extremities. 

Thoma  has  pointed  out  that  sclerotic  vessels  are  much  more  per- 
meable to  fluids  than  healthy  vessels,  and  he  inclines  to  regard  the 
majority  of  the  so-called  hydremic  or  cachectic  oedemas  as  instances 
of  what  he  designates  Angio-sclerotic  oedema. 

The  toxic  products  of  bacteria  circulating  in  the  blood  are  believed 
by  Hamburger  to  produce  oedema,  either  by  causing  undue  permeability 
of  the  capillary  wall,  or  by  a  stimulant  action  on  the  endothelium  of 
the  capillai'ies.  He  holds  that  alterations  in  the  composition  of  the 
blood  in  such  diseases  as  nephritis  may  act  similarly. 

The  causation  of  the  characteristic  (Edema  of  Acute  Bright's  disease 
is  much  more  difficult  to  explain.  There  is,  indeed,  in  this  disease  a 
serious  reduction  in  the  specific  gravity  of  the  blood  serum.  It  has 
been  found  reduced  to  1020,  or  even  1013,  instead  of  standing  at  1030, 
which  is  the  normal.  This  hydrsemia  is  induced  in  two  different  ways. 
There  is  the  loss  of  albumen,  which  renders  the  blood  directly  more 
watery,  but  there  is  also  an  abnormal  retention  of  the  water  in  the 
Wood,  as  there  is  a  great  reduction  in  the  amount  of  urine  secreted. 
These  facts  naturally  suggest  that  if  the  oedema  in  Bright's  disease  is 
not  due  simply  to  the  hydrsemia,  it  may  be  due  to  this  in  conjunction 
with  the  increased  bulk  of  the  blood,  to  a  Hydremic  plethora.  This 
view  has  obtained  much  support.  It  has  been  supposed  that,  the  entire 
bulk  of  the  blood  being  increased,  there  will  be  increased  pressure  in 
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the  capillaries  and  increased  transudation  from  the  watery  blood.  This 
explanation,  however,  is  not  a  sufficient  one,  as  it  is  opposed  by  obser- 
vations in  the  human  subject  and  by  experiments  on  animals.  In  the 
first  place  thei'e  are  cases  of  absolute  suppression  of  urine,  as  in  hysterical 
females,  etc.,  in  which  we  must  presume  an  exaggerated  hydrajmic 
plethora,  but  without  a  trace  of  oedema,  and,  in  the  second  place,  an 
exaggerated  hydrsemic  plethora  may  be  induced  in  animals  without 
leading  to  oedema  of  the  skin. 

In  some  experiments  by  Cohnheim  and  Lichtheim,  a  hydi-femic  plethora  was 
induced  by  injecting  a  solution  of  common  salt  into  the  vessels  of  animals.  Enor- 
mous quantities,  in  some  cases  more  than  three  times  the  bulk  of  the  blood,  could 
be  injected  without  killing  the  animal.  As  in  other  cases  of  transfusion,  these 
injections  did  not  produce  any  permanent  rise  in  the  blood-pressure.  The  most 
direct  result  was  a  great  acceleration  in  the  speed  of  the  blood-current,  presumably 
from  the  diminished  friction  of  the  watery  blood.  There  was  also  a  greatly 
increased  transudation,  and  consequently,  increased  flow  of  lymph.  But  this  was 
remarkably  localized.  There  was  a  greatly  increased  flow  of  lymph  in  the  thoracic 
duct,  showing  that  in  the  viscera  the  transudation  was  increased ;  while  the 
lymphatics  of  the  limbs  showed  no  increase,  indicating  that  in  the  skin  and  muscles 
the  transudation  was  not  increased.  There  was  also  greatly  increased  secretion 
from  the  salivary  glands,  stomach  and  intestine,  liver,  lachrymal  glands,  and 
kidneys.  In  these  organs  an  oedema  was  developed,  that  is  to  say,  in  the  mucous 
membrane  and  submucous  tissue  of  the  stomach  and  intestines,  in  the  lymphatic 
glands  of  the  mesentery,  in  the  pancreas,  kidneys,  gall  bladder,  salivary  glands ; 
there  was  also  ascites,  but  no  oedema  of  the  subcutaneous  tissue.  The  explanation 
suggested  for  this  localization  of  the  increased  transudation  and  the  oedema  is, 
that  these  organs  are  all  normally  concerned  in  the  removal  of  water  from  the 
blood,  and  that  probably  their  blood-vessels  are  unusually  permeable  to  water. 
The  experiments  produce  a  great  increase  in  the  water  of  the  blood,  and  the  vessels 
give  ready  passage  to  it. 

These  observations  and  experiments  may  seem  to  throw  little  Kght 
on  the  oedema  of  Bright's  disease,  except  in  a  negative  way.  But 
looking  closely  at  the  experiments,  they  show  that  hydrsemic  plethora 
induces  increased  transudation  and  oedema  in  parts  predisposed.  In 
Bright's  disease  we  have  two  elements  which  are  wanting  in  these 
experiments.  On  the  one  hand  the  kidneys  are  inactive,  and  on  the 
other  there  is  in  the  blood  an  irritant,  which,  acting  on  the  Iddueys, 
has  induced  the  disease  in  them.  Tliis  irritant  may  be  presumed  to 
act  on  the  skin  as  well  as  on  the  kidneys.  As  Cohnheim  has  pointed 
out,  there  are  many  facts  which  indicate  a  close  relation  between  the 
skin  and  kidneys  in  Bright's  disease.  In  scarlatina,  for  instance,  we 
have  an  acute  inflammatory  hyperaeraia  of  the  skin  during  the  febrile 
stage.  But  there  are,  even  in  this  stage,  inflammatory  changes  in  the 
kidneys,  and  when  these  plienomena  advance  sufficiently  to  induce  a 
hydremic  plethora,  it  is  perhaps  not  remarkable  that  oedema  occurs  in 
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the  previously  damaged  skin.  In  the  experiments  above  referred  to,  it 
was  found  that  although  the  normal  skin  did  not  become  cedematous, 
yet  when  it  had  been  previously  inflamed,  as  by  pencilling  with  iodine 
solution,  or  by  exposing  to  a  strong  sun,  then  oedema  showed  itself. 
The  ojdema  of  Bright's  disease  hence  .approaches  in  its  pathology  to 
inflammatory  oedema. 

Nervous  influences  sometimes  play  a  part  in  the  production  of 
(Bdema.    The  most  familiar  examples  of  this  are  aiforded  by  erythema 
nodosum,  and  urticaria,  where  nervous  irritation,  usually  reflex,  in- 
duces localized  swellings,  presumably  oedematous,  in  the  sldn.  The 
bites  of  insects,  especially  fleas,  produce  similar  effects  in  some  persons, 
and,  in  this  case  as  in  the  others,  there  are  sensations  indicating  irrita- 
tion of  the  nerves.     In  injuries  to  nerve-stems,  some  authors  have 
observed  local  oedema,  and  oedema  sometimes  follows  paralysis,  both 
paraplegic  and  hemiplegic,  in  the  latter  case  forming  a  hemi-anasarca. 
Probably  in  all  these  cases  the  nervous  lesion  merely  induces  a 
concUtion  of  the  vessels  which  predisposes  to  oedema,  and  its  actual 
occurrence  is  determined  by  other  causes.    Thus  in  the  case  of  flea 
bites,  the  parts  are  usually  subjected  to  rubbing,  while  in  paralysis 
the  position  of  the  limbs,  conspiring  with  vaso-motor  paralysis,  may 
determine  oedema  by  inducing  passive  liyperajmia. 

Position  and  character  of  the  transudation.— The  fluid  transuded 
accumulates  where  there  is  room  for  it,  and  especially  in  places  where 
the  tissue  is  loose  and  easily  stretched.  The  elasticity  of  the  tissue 
will  therefore  have  a  considerable  influence  on  the  locality  of  the 
cedema  The  oedema  of  Bright's  disease,  for  instance,  frequently  begins 
m  the  loose  subcutaneous  tissue  about  the  eyelids,  and  oedema  in  the 
larynx  is  m  the  loose  ary-epiglottic  folds. 

The  dropsical  fluids  are  deficient  in  albumen  as  compared  with 
the  liquor  sangmnis  or  inflammatory  exudations,  but  they  contain 
soluble  salts  m  proportions  nearly  equal  to  these  fluids. 

11-14  ;  sub L  neot    si  5^^^^^  f '        ^  18-33;  peritoneum! 

for  the  larger  amount  of  llh  ^^^^klinghausen  accounts 

with  the  suLtarus  t  ife  rnT'"  ^'^^  P-'i'—na,  as  compared 

in  capillaries.    Somrauthov,        T.^T"''  °f  former 

arteries.    The  fluracco^dt.  flT         "  '^"'^ 
acids,  fat,  etc.,  and  .^B  flL  .  '  °-°"-^t-«es  may  contain  bile  pigment,  biliary 

^^'glit  «  disease  It  regularly  contains  urea. 
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Arch.,  Ixxvii.,  85;  Cohnheim  und  Lichtheim,  Virch.  Arch.,  Ixix.,  106,  and 
CoHNHEiM,  Allg.  Path.,  vol.  i.;  Hilton  Fagge,  Principles  and  Practice  of  Med.,  ii., 
442;  EuNBBEBG  (Filtration  of  solution  of  Albumen),  Arch.  d.  Heilk.,  xviii.,  1; 
Heidenhain,  Hermann's  Physiol.,  v.,  and  Arch.  f.  d.  ges.  Physiol.,  xlix.,  209, 1891 ; 
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Arch.  f.  klin.  Med.,  xxiv.,  183;  Lazarxjs-Barlow,  Phil.  Trans,  of  Roy.  Soc,  vol. 
185,  1894,  and  (very  fully)  Manual  of  Gen.  Path.,  1898;  Waymouth  Reid,  Schafer's 
Text-book  of  Physiol.,  i.,  1898;  Starling,  ibidem;  Thoma,  Text,  of  Gen.  Path., 
Trans,  by  Bruce,  vol.  i.,  1896;  Opitz  (Theories  of  ffidema).  Jour.  Amer.  Med. 
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SECTION  IV. 


INFLAMMATION. 


Etiology.  Produced  by  "irritauts,"  whose  character  is  to  injure  the  tissues;  in- 
fluences of  nervous  system,  etc.  ;  mode  of  entrance  of  irritants.  I.  Principal 
phenomena,  exhibited  in  an  experiment.  II.  The  state  of  the  vessels, 
(Contraction  not  essential)  dilatation  with  active  liyperaemia,  followed  by 
retardation  ;  explanation  of  these ;  pavementing  of  veins.  Increase  of 
temperature,  not  due  to  heat  production,  but  to  excess  of  blood.  III.  The 
inflammatory  exudation.  (1)  The  serous  and  (2)  the  fibrinous  exudation, 
(3)  exudation  of  white  corpuscles  by  emigration  and  of  red  by  diapedesis, 
explanation  of  these  ;  chemiotaxis  ;  phagocytosis,  (4)  cells  from  other  sources, 
(5)  the  purulent  exudation,  suppui-ation  due  to  pyogenic  microbes ;  the 
abscess  ;  (croupous  and  diphtheritic  exudations).  IV.  Changes  in  the  tissues. 
(1)  Parenchymatous  changes  ;  (2)  New-formation  of  tissue,  (a)  in  the  granu- 
lating wound  ;  the  formative  cells  and  their  origin  ;  new-formation  of  blood- 
vessels and  of  epithelium  ;  (6)  other  inflammatory  new-formations.  V.  The 
issues  of  inflammation.  VI.  Systemic  changes  resulting  from  inflammation. 
VII.  Terminology  of  inflammation. 

^HIS  is  a  subject  whose  importance  in  pathologj^  can  hardly  be 
overestimated.  From  the  time  of  John  Hunter  its  phenomena 
have  l^een  talven  as  the  basis  of  various  speculations  on  the  nature 
of  pathological  phenomena  in  general.  Within  recent  times  the  whole 
subject  has  become  so  complex  and  many-sided,  owing  mainly  to  the 
vanous  limitations  and  extensions  of  the  term  Inflammation,  that  the 
question  of  entirely  deleting  the  time-honoured  name  has  been  seriously 
discussed.  It  is  quite  probable,  indeed,  that  fuller  and  maturer 
knowledge  may  render  this  expedient  in  the  future.  Despite  the 
numerous  and  searching  investigations  into  the  nature  and  meaning 
ot  the  complicated  problem,  it  is  still  quite  impossible  to  give  a  strictly 
accurate  and  all-embracive  definition  of  Inflammation.  In  the  various 
organs  of  the  body  we  meet  with  it  under  different  aspects.  In  the 
cald'^l  -"^^^  exposed  parts,  it  is  manifest  by  the  four  so-called 
aic  nial  signs  or  symptoms— redness,  swelling,  heat,  and  pain  {ruhm; 
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kmor,  color,  doloi),  to  which  is  usually  appended  altered  function — 
(fundio  Icesa),  and  the  oldest  and  certainly  the  simplest  definition  of 
inflammation  distinguishes  it  as  a  condition  characterized  by  these. 
But  these  signs  by  no  means  apply  universally,  and  they  are  typical 
rather  of  the  early  stages  than  of  the  later  ones.  Perhaps  a  definition 
which  takes  cognizance  of  the  etiological  character  is  least  open  to 
objection,  and  from  this  point  of  view  inflammation  may  be  defined 
as  the  reaction  of  the  tissues  to  an  injury  sufficient  to  damage  them. 
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As  we  shall  see  later  the  term  reaction  may  be  limited  or  may  be 
used  in  an  unrestricted  sense  to  include  a  number  of  different  "vital 
processes,  circulatory  disturbances,  retrogressive  and  progressive  changes, 
the  intention  of  which  is  adaptive,  protective,  and  reparative. 

For  the  present  we  shall  consider  the  earlier  manifestations  bf  this 
reaction  to  injury.  By  the  application  of  a  powerful  acid  or  other 
caustic  to  the  skin  or  mucous  membrane,  the  part  with  which  the 
caustic  comes  into  contact  is  killed  outright,  but  around  this  part 
dilatation  of  the  vessels  and  certain  other  phenomena,  to  be  presently 
described,  occur,  which  constitute  what  is  called  inflammation.  If  the 
irritation  be  less  intense,  if  the  acid  or  other  caustic  be  dilute,  no 
certain  death  of  any  part  may  occur,  but  the  tissues  with  which  the 
substance  comes  into  contact  are  sufficiently  damaged  to  give  rise  to  a 
reaction  on  the  part  of  the  tissues,  and  this  is  usually  sufliciently 
marked  to  constitute  inflammation.  With  a  very  dilute  caustic  the 
irritation  produced  may  be  so  sHght  as  simply  to  lead  to  dilatation 
of  the  vessels  and  practically  nothing  more.  This  is  not  inflammation, 
it  is  simple  congestion,  but  the  boundary  Une  between  the  two  cannot 

be  sharply  drawn. 

In  inflammations  of  internal  organs  it  often  happens  that  no  definite 
cause  is  to  be  discovered,  but  even  in  them  the  direct  action  of  an 
irritant  is  sometimes  demonstrated.  The  inhalation  of  irritant  vapours 
Avill  produce  inflammation  of  the  trachea  and  bronchi  and  even 
pneumonia,  and  the  administration  by  the  mouth  of  turpentine, 
copaiba,  and  other  drugs,  Avill  lead,  after  absorption  into  the  blood, 
to  irritation  and  inflammation  of  the  kidney.  So  also  the  application 
of  large  blisters,  especially  in  debilitated  subjects,  may  lead  to  the 
same  result  through  absorption  of  cantharidin  into  the  circulation. 
The  injection  of  arsenical  and  mercurial  solutions  into  the  l>lood- 
vessels  will  produce  among  other  results  inflammation  of  the  intestinal 
tract.    And  so  it  is  probable  that  in  all  inflammations  we  are  to  infer 
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the  existence  of  some  deleterious  agent,  although  it  is  very  often 
difficult  to  tell  whence  it  has  come  and  what  is  its  nature. 

At  this  point  it  may  properly  be  inquired  whether  the  Nervous 
system  has  anything  to  do  with  the  causation  of  inflammation.  There 
are  not  a  few  facts  which  suggest,  at  least,  some  connection.  In  some 
of  the  instances  the  connection  is  clearly  an  indirect  one.  For  in- 
stance, when  inflammation  of  the  eye  results  from  division  of  the  fifth 
nerve,  the  inflammation  is  really  traumatic  in  origin.  By  the  sever- 
ance of  the  nerve  the  reflex  action  of  winking  is  abolished  as  well  as 
the  secretion  of  tears,  and  so  the  organ  is  exposed  to  injuries  and 
unable  to  get  rid  of  foreign  bodies.  The  inflammation  is  clearly  the 
result  of  irritation  from  without,  for,  if  the  eye  be  carefully  protected 
the  inflammation  does  not  occur.  Similarly,  on  account  of  the 
diminished  resistance  off'ered  to  injuries,  anaesthetic  parts  in  general 
are  specially  liable  to  inflammation,  and  the  inflammation  is  apt  to 
be  exceptionally  severe. 

But  there  are  cases  where  nervous  action  has  a  very  important  and 
apparently  direct  relation  to  the  cause  of  the  inflammation.  This  may 
be  illustrated  by  the  following  experiment.  The  sympathetic  (vaso- 
constrictor) of  the  right  ear  and  the  auricular  branches  (vaso-dilator)  of 
the  left  ear,  of  a  rabbit  are  severed,  and  the  parts  kept  in  water  at  a 
temperature  of  54°  C.  In  the  case  of  the  right  ear  there  is  an  acute 
inflammation  running  a  rapid  course  seeing  that  the  vaso-dilator  fibres 
have  free  play.  In  the  case  of  the  left  ear,  stasis  and  subsequently 
necrosis  result  in  consequence  of  the  uncontrolled  action  of  the  vaso- 
constrictor fibres. 

In  other  cases  the  part  played  by  the  nervous  system  seems  to  be 
that  of  a  carrier  of  impressions,  in  other  words,  we  have  an  almost 
pure  reflex  action.  By  some  the  phenomenon  of  counter-irritation  is 
explained  in  this  way.  The  application  of  the  actual  cautery  to  the 
sb'n  over  an  inflamed  and  painful  joint  will  often  relieve  the  pain 
and  mflammation  instantaneously.  And  Hilton  laid  down  the  law  that 
the  skm  over  a  joint  was  supplied  by  the  nerve  supplying  the  joint 
Itself  and  the  muscles  moving  it.  It  is  as  if  there  was  in  the  nerves 
of  the  part  a  state  of  over-action  which  aff-ected  injuriously  the  tissues 
and  mcreased  the  liability  to  an  intensity  of  inflammation.  This 
over-action  being  relieved  by  a  still  greater  stimulation  of  nerves 
coimected  reflexly,  the  inflammation  subsides. 

The  nervous  system  itself  can  scarcely  act  as  an  irritant,  but  it  may 
0  alter  the  tissues  that  agents  which  normally  would  produce  no  such 

ect  ^vlll  irritate  and  produce  inflammation.     The  susceptibility  of 
n^sthetic  parts  has  been  referred  to  above.     In  other  cases,  how- 
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ever,  the  nervous  system,  especially  the  central  nervous  system,  plays 
a  more  important  part.  Simple  exposure  to  cold  will  produce  in  some 
people  a  pneumonia,  in  others  inflammation  of  the  kidneys,  in  others 
a  peritonitis.  Such  differences  are  difficult  to  explain  except  on  the 
assumption  that  the  central  nervous  system  here  plays  an  active,  and 
not  merely  a  passive,  part.  A  state  of  the  nervous  system  is  probably 
induced  which  renders  certain  organs  peculiarly  liable  to  agents  capaljle 
of  inducing  inflammation. 

Besides  this  condition  there  are  Individital  peculiarities,  hereditary 
or  acquired,  which  can  only  be  explained  by  an  influence  on  the  part 
of  the  nervous  system.  We  need  only  cite  the  familiar  instance  of 
urticaria  occurring  in  certain  people  after  eating  pears,  strawberries, 
shell-fish,  etc. 

In  studying  individual  cases  of  inflammation  it  will  be  important  to 
consider  by  what  path  the  irritant  has  reached  the  part  which  has 
become  inflamed.  In  many  cases  it  reaches  it  by  the  blood,  and  as 
the  blood  is  distributed  in  every  part  of  the  organ,  the  inflammation 
will  not  probably  show  any  special  localization.  And  so,  when  we  find 
two  symmetrical  organs,  both  of  which  are  attacked  in  every  region, 
we  infer  that  the  agent  causing  the  inflammation  has  come  by  the 
blood,  or,  at  least,  by  a  path  common  to  both.  Of  course,  there  may 
be  local  differences  in  the  organ  itself  of  such  a  character  that  every 
part  will  not  be  equally  susceptible  to  the  action  of  an  agent  calculated 
to  produce  inflammation,  and  so  the  disease  may  develop  more  in  one 
part  of  the  organ  than  in  another,  although  the  general  character  of  its 
distribution  will  generally  still  suggest  the  path  by  which  the  agent 
has  come. 


I.— THE  PRINCIPAL  PHENOMENA  OF  ACUTE  INFLAMMATION. 

Looking  to  the  cardinal  signs  of  inflammation  already  enumerated, 
it  will  appear  that  two  of  them,  namely  redness  and  heat,  are  inti- 
mately related  to  the  condition  of  the  circulation,  while  the  swelling 
may  possibly  have  similar  relations.  John  Hunter,  in  his  conceptions 
of  inflammation,  regarded  the  phenomena  as  essentially  connected  Avith 
the  state  of  the  blood  and  blood-vessels.  On  the  other  hand,  Virchow 
in  his  great  work  on  cellular  pathology  emphasized  the  importance  of 
the  tissues,  and  regarded  the  phenomena  of  inflammation  as  due  to  a 
stimulation  of  the  cells.  Under  the  influence  of  the  discovery,  by 
Cohnheim,  of  the  emigration  of  leucocytes  from  the  vessels  there  was  a 
reversion  towards  the  vessels,  and  the  attempt  was  made  by  this  author 
to  limit  the  term  inflammation  essentially  to  the  phenomena  connected 
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with  the  vessels,  and  to  regard  it  as  a  disturbance  of  the  circulation. 
Still  more  recently  Metchnikoff  has  attempted  to  limit  inflammation  to 
the  actiAdty  of  the  amoeboid  cells  of  the  body  in  their  attempts  to  deal 
■with  intruding  agents.  He  thus  reduces  inflammation  to  a  process  of 
Phagocytosis.  In  forming  a  complete  picture  of  inflammation  it  is 
necessary  to  consider  the  whole  phenomena  in  which  nervous  system, 
vessels,  tissues,  exudation,  leucocytes,  and  phagocytes  will  all  have 
their  parts. 

A  simple  Experiment  may  be  performed  to  illustrate  the  principal 
phenomena  at  the  outset  of  an  acute  inflammation.     If  a  frog  be 
paralyzed  with  curare,  the  web  of  the  foot  may  he  spread  out  and 
observed  under  the  microscope.    With  a  pair  of  scissors  a  superficial 
longitudinal  wound  may  be  made,  taking  care  to  remove  little  more 
than  the  epithelium.    By  this  operation  the  connective  tissue  of  the 
web,  with  its  vessels,  is  exposed ;  the  action  of  the  scissors  in  cutting 
and  the  unusual  exposure  to  the  air,  aftect  these  structures,  and  the 
various  phenomena  of  inflammation  soon  begin  to.  manifest  themselves. 
Care  should  be  taken  to  keep  a  moist  atmosphere  around  the  web  so  as 
to  prevent  the  wound,  deprived  of  its  epidermis,  from  drying.    At  first 
the  circulation  goes  on  in  the  bottom  of  the  wound  as  before,  the  area 
is  merely  more  transparent  from  the  absence  of  the  epithelium.  But 
very  soon,  if  an  artery  is  near  or  in  the  Avound,  it  dilates,  and  there 
is  an  acceleration  of  the  stream  in  the  capillaries  and  veins.  But 
this  soon  disappears,  and  the  circulation,  especially  in  the  capillaries, 
becomes  slower  and  slower,  till  here  and  there  the  blood-corpuscles 
now  and  then  stand  still  for  a  moment  or  two.    By  and  by  a  peculiar 
condition  becomes  visible  in  the  veins.    Normally,  the  blood-corpuscles 
flow  down  the  middle  of  the  vein,  and  the  peripheral  zone  contains 
plasma  with  a  few  white  corpuscles  rolling  along.    This  is  simply  due 
to  the  fact  that  the  specific  gravity  of  the  red  blood-corpuscles  is 
greater  than  that  of  the  white.    As  the  inflammation  proceeds,  the 
white  corpuscles  come  to  occupy  this  zone,  and  to  adhere  to  the  inner 
surface  of  the  vessel.     The  individual  corpuscles  may  not  be  all 
absolutely  stagnant,  they  adhere  for  a  time  and  then  depart,  but  the 
result  of  the  process  is  that  there  is  a  nearly  complete  filling  up  of  the 
zone  with  white  blood-corpuscles,  so  that  the  vein  seems  pavemented 
mternally  ivith  these  cells.    This  is  seen  not  only  in  any  vein  which 
may  happen  to  l^e  in  the  bottom  of  the  wouivl,  but  also  in  those  for  a 
saort  distance  outside  it. 

If  the  attention  be  now  directed  to  the  surface  of  the  wound  it  soon 
oecoraes  manifest  that  certain  peculiar  bodies  are  appearing  there. 

nese  are  at  first  seen  mostly  towards  the  edge  of  the  wound,  and  are 
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especially  numerous  in  the  neighbourhood  of  veins  where  the  white 
corpuscles  are  adherent.  They  are  of  various  shapes,  and  present  a 
transparent  gelatinous  appearance.  If  observed  carefully  they  are 
seen  to  be  altering  their  shapes,  presenting  the  well-known  amcsboid 
movement,  as  shown  in  Fig.  31.  These  cells  gradually  increase  in 
numbers,  and  by  their  contractile  power,  they  move  from  the  periphery 
towards  the  centre  of  the  wound  till  they  may  come  to  cover  it 
entirely.    These  bodies  may  be  removed  from  the  wound  by  placing 

the  end  of  a  capillary  glass  tube  on 
the  surface.  A  fluid  runs  up  into 
the  tube,  and  in  the  fluid  are  these 
free  cells.  The  fluid  may  now  be 
blown  on  to  a  glass  slide  and  ex- 
amined under  a  higher  power  of 
the  microscope,  when  the  slow  amoe- 

Fig.  31.— A  leucocyte  from  human  blood      i    •  i  ^      -n   n  -n 

showing  amoeboid  movement.    (Klein.)  OOlCl  movement  Will   DC   Still  more 

manifest.  If,  in  the  drop  of  fluid, 
the  bodies  are  allowed  to  die  or  are  killed  by  the  addition  of  a 
reagent,  they  become  globular  and  granular,  in  fact,  have  the 
characters  we  recognize  as  those  of  white  blood-corpuscles,  lymph 
corpuscles,  pus  corpuscles — of  leucocytes  in  general.  The  addition 
of  acetic  acid  to  the  living  cells  will  first  cause  them  to  assume  the 
globular  form,  and  then  mil  bring  out  the  nucleus  or  nuclei  as  in 
an  ordinary  white  corpuscle.  The  fluid  in  which  these  corpuscles 
are  found  is  coagulable,  and  if  it  be  kept  till  the  corpuscles  have  died 
strings  of  fibrine  will  be  found  in  it.  If  this  experiment  be  made  in 
summer,  the  whole  of  those  phenomena  will  manifest  themselves  in  a 
few  hours,  and  in  five  or  six  hours  the  entire  wound  may  be  plastered 
over  with  amoeboid  cells. 

In  the  course  of  a  few  more  hours  the  wound  begins  to  be  covered  in 
with  new-formed  flat  epithelium.  This  begins  at  the  margins,  and  if 
the  wound  is  small  it  may  be  wholly  covered  within  twenty-four  hoiu'S. 
The  amoeboid  cells  are  covered  in,  but  they  very  soon  disappear,  and 
the  connective  tissue  of  the  web  remains  with  a  thin  transparent  epi- 
thelium covering  it. 

Without  following  out  this  experiment  further,  we  may  now  proceed 
to  consider  the  principal  phenomena  of  inflammation,  which  have  been 
partly  illustrated.  We  shall  consider,  first,  the  state  of  the  vessels ; 
secondly,  the  condition  which  is  illustrated  in  this  experiment  by  the 
fluid  on  the  surface  of  the  wound  containing  amoeboid  cells ;  and  lastly, 
the  condition  of  the  tissues  in  inflamed  parts. 
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II.— THE  STATE  OF  THE  VESSELS  IN  AUUTE  INFLAMMATION. 

When  an  irritant  is  applied  to  a  transparent  vascular  tissue,  such  as 
the  tongue  or  web  of  the  frog,  it  produces  eiFects  which  vary  slightly, 
according  to  its  nature.     If  croton  oil  be  applied,  there  is  first  a 
contraction  of  the  arteries,  extending  to  their  whole  length,  followed 
by  dilatation.   If  ammonia  be  used,  there  is  dilatation  without  previous 
contraction.    The  dilatation  affects  chiefly  arteries  and  veins,  but  also, 
though  to  a  less  extent,  capillaries.    The  dilatation  of  the  arteries 
leads  to  an  Active  hyperaemia,  the  current  is  accelerated  in  the  arteries, 
capillaries,  and  veins,  and  these  vessels  are  overfilled ;  there  is  a  great 
excess  in  the  quantity  of  blood  passing  through  the  vessels.  The 
acceleration  of  the  current  does  not  persist,  however,  in  the  most 
affected  parts;  on  the  contrary,  the  blood-corpuscles  begin  to  lag, 
especially  in  the  capillaries  and  veins,  although  there  is  still  accelera- 
tion in  the  arteries,  and  in  the  capillaries  and  veins  of  the  less  inflamed 
parts.    This  stagnation  in  the  capillaries  and  veins  may  assume  a  high 
degree,  especially  in  the  part  most  acted  on  by  the  irritant.  Although 
the  current  is  slow  in  these  vessels  they  remain  overfilled,  a  Passive 
hyperasmia  supervenes  on  the  active  hyperajmia ;  at  the  same  time  the 
white  corpuscles  accumulate  along  the  internal  wall  of  the  veins  in 
the  manner  already  described,  and  they  also  adhere  at  intervals  in  the 
capillaries.    The  circulation  may  come  almost  to  a  standstill  in  the 
capillaries  of  the  parts  most  aff-ected,  while  at  various  distances  out 
from  this  there  will  be  manifest  a  less  and  less  amount  of  retardation 
till  a  zone  is  reached  where  the  retardation  disappears,  and  by  and  by 
gives  place  to  acceleration. 

We  have  now  to  consider  what  may  be  the  explanation  of  these 
various  phenomena  which  the  vessels  manifest.  The  observations  of 
Lister  present  us  with  a  view  of  this  subject  which  has  been  largelv 
confirmed  by  other  observers.  Saviotti's  researches  are  for  the  most 
part  confirmatory  of  Lister's  views. 

Contraction  of  the  arteries  is  not,  in  any  proper  sense,  a  part  of 
he  inflammatory  phenomena.    It  is  simply  the  result  of  stimulation  of 

does  „  t  occur  a  al   it  is  always  transitory.    Contraction  of  arteries 

w  fTl  T  ^^"^^''•^  Thus  the  arteries 

111     !  t  .1  *°  ^°"t^^«t  ^hen  the  skin  is 

tapped  or  twitched  with  the  forceps.    This  contraction  does  not  occur 
the  nerve  trunks  be  first  divided.    On  the  other  hand  the  irritant 
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may  cause  contraction  directly,  by  stimulating  the  vaso-constrictor 
nerve  endings  (as  cold  does),  and  so  produce  a  temporary  contraction 
of  the  arteries. 

Dilatation  of  the  arteries,  leading  to  active  hypersemia  (also  called 
determination  of  blood),  is  induced  by  paralysis  of  the  arteries,  just  as 
in  other  cases  of  active  hypersemia. 

It  is  important  here  to  recall  the  fact  that  irritants  act  injuriously 
on  the  tissues,  and,  in  a  certain  sense,  paralyze  them.  Lister  in  his 
important  researches  on  inflammation  brought  this  fact  into  prominence. 
The  skin  of  the  frog  is  supplied  -with  pigment  cells.  These  cells, 
as  already  illustrated,  are  contractile  bodies.  In  the  state  of 
rest  they  are  extended  into  numerous  branches,  which  make  a  fine 
pigmented  reticulum  under  the  skin ;  in  the  active  state  they  are 
drawn  together  so  as  to  make  a  dark  clump.  They  are  under  the 
command  of  the  nervous  system,  and  by  their  means  the  animal  is 
capable  of  changing  its  colour,  presenting  a  dark  hue  when  the  cells 
are  relaxed,  and  a  lighter  colour  according  to  the  degree  of  concentra- 
tion. Some  irritants  have  the  immediate  effect  of  relaxing  the  pigment 
cells,  and  this  itself  is  so  far  an  evidence  of  paralysis,  as  the  dispersed 
condition  is  the  state  of  rest  of  the  cells ;  but  whether  the  pigment  is 
dispersed  or  not,  the  animal  loses  control  of  its  pigment  in  the  affected 
area,  which  does  not  change  its  colour  with  the  rest  of  the  skin,  and 
may  be  found  dark  while  the  animal  is  pale,  etc. 

In  a  similar  manner  the  dilatation  of  the  arteries  is  effected  by  a 
paralytic  influence  of  the  irritant.  It  is  not  easy  to  determine  whether 
this  paralytic  influence  is  exercised  through  the  peripheral  ganglia, 
whose  existence  we  have  already  seen  reason  to  infer,  or  directly  on 
the  wall  of  the  vessel,  but  as  these  ganglia  are  in  or  near  the  vessel- 
wall,  we  may  infer  that  both  are  influenced.  The  view  has  been  held 
that  the  dilatation  is  reflex,  but  this  is  excluded  by  the  observations  of 
Cohnheim.  He  found  that  if  the  sciatic  nerve  has  been  divided  in  a 
frog's  leg  the  arteries  dilate,  but  the  application  of  an  irritant  produces 
a  further  dilatation.  He  found  also  that,  after  destruction  of  the  brain 
and  spinal  cord,  irritation  of  the  tongue  still  produces  dilatation  of 
the  arteries.  The  acceleration  of  the  blood-current  in  the  arteries, 
capillaries,  and  veins,  will  be  understood  from  what  has  gone  before  to 
be  a  direct  result  of  the  dilatation  of  the  arteries ;  we  have,  in  fact,  an 
active  hypera;mia. 

The  Retardation  is  to  be  referred  to  an  increased  adhesiveness  of 
the  blood-corpuscles.  This  is  a  matter  of  direct  observation.  The 
corpuscles  in  the  inflamed  area  can  be  seen  to  move  sluggishly  along 
the  wall  as  if  attracted  by  it,  and  the  Pavementing  of  the  veins  vnth 
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white  corpuscles  is  clearly  due  to  increased  adhesiveness  between  the 
two,  or  to  an  attractiveness  exercised  on  the  leucocytes.  The  nature  of 
this  attraction  will  be  considered  later  on.  It  has  been  pointed  out  by 
Lister  that  when  the  blood  is  removed  from  the  vessels  and  comes  in 
contact  with  dead  matter,  the  blood-corpuscles  acquire  an  adhesiveness 
which  they  do  not  possess  inside  the  normal  vessels.  The  red  corpuscles 
stick  together'  by  their  iiat  surfaces  and  form  the  well-known  rouleaux. 
The  adhesiveness  of  the  white  corpuscles  is  not  so  obvious  when  a  drop 
of  blood  is  examined  outside  the  body,  but  there  is  reason  to  believe 
that  it  is  even  greater  than  that  of  the  red.  Now  the  iiritant  damages 
the  walls  of  the  vessels,  with  the  result  that  the  corpuscles  behave  as  if 
in  the  presence  of  dead  matter — they  become  adhesive. 

This  is  excellently  shown  in  one  of  Lister's  experiments.  He  ligatured  the  leg  of  a 
frog,  producing  thereby  stagnation  of  the  blood  in  the  vessels,  but  on  examining 
the  web  it  could  be  seen  that  the  corpuscles  were  able  to  move  freely  among  one 
another — there  was  obviously  no  adhesiveness.  But  now,  when  a  jjiece  of  mustard 
was  applied  to  the  web,  this  free  movement  ceased  in  the  area  affected  ;  the 
corpuscles  became  adherent  among  themselves  and  to  the  walls  of  the  vessels.  The 
result  of  this  was  an  accumulation  of  the  corpuscles  in  the  irritated  area;  any 
corpuscles  which  happened  to  glide  into  the  area  remained  adherent  there,  and  so, 
by  degrees,  the  vessels  became  overfilled — a  state  of  hyperasmia  superinduced  on 
stagnation.  If  any  corpuscle  happened  to  escape  from  the  affected  area,  it  ceased 
to  be  adhesive,  and  moved  freely  about. 

We  may  therefore  infer  that  the  retai'dation  of  the  current  and  the 
pavementing  of  the  veins  with  white  corpuscles  are  the  result  of  the 
injury  to  the  vessel  wall,  and  it  may  be  added  that,  in  connection  with 
inflammations,  all  degrees  of  stagnation  up  to  absolute  stoppage  or 
Stasis  may  be  produced,  and  are  often  manifested  together  in  the  same 
case. 

We  may  now  sum  up  the  conditions  presented  by  the  blood-vessels 
m  the  early  period  of  inflammation  as  follows.  The  arteries  dilate  by 
a  relaxation,  of  a  paralytic  character,  of  their  muscular  coats.  In 
some  cases  this  dilatation  is  preceded  by  an  evanescent  contraction. 
The  immediate  result  of  the  dilatation  of  the  arteries  is  active 
hypersemia,  or  determination  of  blood,  involving  overfilling  of  the 
arteries,  capillaries,  and  veins,  with  acceleration  of  the  current.  This 
is  followed  by  retardation  of  the  current,  the  vessels  remaining  dilated 
and^  hypersemic,  and  this  retardation  may  go  on  to  almost  complete 
stasis  m  the  capillaries.  The  retardation  is  due  to  adhesiveness  of  th_ 
corpuscles,  and  to  the  same  cause  is  to  be  traced  the  pavementing 
of  the  veins  with  white  corpuscles. 

It  is  sometimes  possible  in  acute  inflammation  of  the  skin,  as  in  the 
case  of  a  boil,  to  observe  conditions  directly  traceable  to  the  state  of 
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the  vessels  here  indicated.  Thus  at  the  peripheral  parts  of  such  a 
focus  of  inflammation  the  skin  presents  a  fiery-red  appearance  due  to 
determination  of  blood  ;  the  red  colour  may  be  pressed  away  with,  the 
finger,  but  it  immediately  returns.  Inside  this  zone  there  is  an  area 
in  which  the  redness  is  not  so  vivid,  and  when  the  red  colour  is  pressed 
away  it  returns  sluggishly  ;  the  corpuscles  are  here  already  adherent, 
and  the  current  retarded.  Then  in  the  more  central  parts  a  dusky  red 
appearance  is  presented,  and  on  pressiu-e  it  may  be  impossible  or  very 
difficult  to  remove  the  redness ;  here  a  condition  of  stagnation  exists. 

Increase  of  temperature  in  inflammation. — Calor  is  one  of  the 
cardinal  signs  of  inflammation,  and  a  feeling  of  heat  is  usually  experi- 
enced when  external  parts  are  the  seat  of  acute  inflammation.  In 
regard  to  internal  parts,  their  nerves  are  not  capal^le  of  conveying 
impressions  of  differences  of  temperature ;  a  hot  substance  swallowed 
gives  a  sensation  of  pain.  Many  experiments  haA'e  been  made  with  a 
view  to  determining  whether  a  part  which  is  in  a  state  of  acute 
inflammation  is  the  seat  of  increased  production  of  heat. 

There  is  no  doubt  that  the  temperature  of  external  parts  is  increased 
in  inflammation.  John  Hunter  determined  this  by  actual  observation. 
He  had  a  case  of  hydrocele  to  deal  with,  and  undertook  its  treatment 
by  the  old  operation  of  laying  open  the  sac  and  inserting  lint  dipped 
in  an  irritating  salve  with  a  view  to  producing  inflammation.  At  the 
time  of  the  operation  he  found  that  the  temperature  in  the  tunica 
vaginalis  was  92°,  but  next  day,  inflammation  ha^dng  been  induced, 
the  temperature  had  risen  to  98|°.  The  question  here  arises  whether 
this  increase  of  temperature  is  due  to  an  actual  production  of  heat  in 
the  inflamed  part,  or  to  an  increased  supply  of  hot  blood,  due  to 
dilatation  of  the  arteries. 

That  there  is  a  greatly  increased  supply  of  blood  to  inflamed  external 
parts  has  l)een  proved  hy  experiment  and  observation.  Cohnheim 
found  that  in  a  recent  inflammation  produced  by  scalding  the  foreleg 
of  a  dog  in  hot  water,  or  by  painting  with  croton  oil,  the  amount  of 
blood  issuing  from  a  cannula  inserted  into  a  vein  was  greatly  increased, 
sometimes  reaching  nearly  double  that  issuing  from  a  corresponding 
vein  on  the  other  side.  It  may  even  be  as  great  as  when  the  arteries 
have  been  relaxed  in  a  limb  by  dividing  the  axillary  plexus  of  nerves. 
This  extreme  degree  of  difference  may  not  continue  long,  but  even  for 
some  days  it  is  frequently  very  considerable. 

It  is  an  every-day  observation  of  surgeons  that  an  incision  in  an 
inflamed  part  is  accompanied  by  a  much  greater  escape  of  blood  tlian 
in  a  normal  part,  and  if  an  artery  be  incised  it  spouts  more  blood  and 
to  a  greater  distance  than  a  similar  artery  in  a  non-inflamed  part.  It 
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is  similar  with  the  veins ;  Lawrence  performed  venesection  in  both 
arms  in  a  person  who  had  an  acute  inflammation  of  one  hand,  and  he 
found  that  the  blood  flowed  two  or  three  times  more  rapidly  from  the 
vein  on  the  side  aflfected.  The  relaxation  of  the  arteries  in  acute  in- 
flammation evidently  produces  a  determination  of  blood  which  extends 
beyond  the  immediate  focus  of  the  inflammation,  and  is  not  counter- 
Ijalanced  by  the  retardation. 

John  Hunter,  having  determined  the  grea't  increase  in  temperature 
above  referred  to,  yet  came  to  the  conclusion  that  it  was  due  to  the 
determination  of  blood  alone,  for  he  found  that  the  temperature  of  an 
inflamed  external  part  never  exceeded  or  even  quite  reached  that  of 
a  normal  internal  part,  or,  in  other  words,  of  the  blood  in  internal 
organs.  Since  Hunter's  time,  Simon  has  asserted  that  there  is  some 
development  of  heat  in  inflamed  parts.  His  experiments  seemed  to 
show  that  the  arterial  blood  passing  to  an  inflamed  external  part  is 
not  so  warm  as  the  focus  of  inflammation,  and  that  the  venous  blood 
returning  from  the  part  is  warmer  than  the  arterial  blood,  although 
not  so  warm  as  the  focus  of  inflammation.  But  the  experiments  of 
Jacobsen,  made  with  more  exact  instruments,  entirely  confirm  the  views 
of  Hunter.  It  appears  that  the  most  intense  inflammations  of  the  skin 
or  of  muscles  never  cause  an  elevation  of  temperature  suflicient  to  reach 
that  of  the  rectum,  vagina,  or  abdomen,  the  difference  being  generally 
r  to  2°  C.  Again,  in  inflammations  induced  in  internal  parts,  as  the 
peritoneum  or  the  pleura,  the  temperature  was  never  raised  to  that  of 
the  blood  in  the  left  ventricle,  being  always  from  -2°  to  -5°  C.  under  it. 
This  means  that  in  these  parts,  where  the  temperature  is  already  near 
that  of  the  blood  in  the  left  ventricle  of  the  heart,  inflammation,  leading 
to  an  increased  supply  of  blood  of  a  similar  temperature,  causes  virtu- 
ally no  elevation  above  the  normal  heat.  Again,  Cohuheim  has  found 
that,  when  in  one  fore-paw  of  a  dog  a  state  of  acute  inflammation  is 
mduced,  while  in  the  other  active  hypersemia  is  produced  by  dividing 
the  axillary  plexus  of  nerves,  the  temperature  in  the  inflamed  foot  is 
always  slightly  less  than  that  in  the  other.  We  may  safely  infer,  then, 
that  in  inflammation  there  is  no  local  production  of  heat. 

Fever  often  accompanies  inflammation,  but  it  only  does  so  when  the 
blood  is  aff-ected.  This  may  happen  in  one  of  two  ways.  The  agent 
which  caused  the  inflammation  may  be  primarily  in  the  blood,  and  it 
may  produce  both  the  general  manifestations  of  fever  and  the  local 
manifestations  of  inflammation.  This  appHes  to  many  infective  agents. 
Un  the  other  hand,  a  local  inflammation  may  give  rise  to  products 
wie  absorption  of  which  into  the  blood  will  cause  fever.     (See  under 
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III.— THE  INFLAMMATORY  EXUDATION. 

In  the  experiment  sketched  at  the  outset  the  inflammatory  exudation 
was  the  fluid  which  collected  on  the  surface  of  the  wound.  We  saw 
that  this  fluid  contained  amoel)oid  cells,  and  that  it  was  coagulable. 
We  may  thus  consider  the  inflammatory  exudation  as  consisting  of 
cells,  serous  fluid,  and  fibrine,  and  we  shall  in  the  first  place  pass  each 
of  these  under  review. 

1.  The  serous  exudation. — The  fluid  derived  from  the  blood  passes 
in  the  direction  of  least  resistance,  wherever  it  finds  room.  In  the 
case  of  a  wound  it  flows  from  the  surface,  forming  a  serous  discharge  ; 
in  that  of  a  mucous  membrane  it  also  flows  from  the  surface,  forming  a 
catarrh ;  in  serous  cavities  it  accumulates,  forming  an  inflammatory 
dropsy ;  in  the  tissues  it  passes  into  the  serous  spaces,  constituting  an 
inflammatory  oedema ;  in  the  lungs  it  is  situated  in  the  lung  alveoli, 
where  it  also  pi^oduces  oedema.  The  exuded  fluid  will  in  many  cases 
find  its  way  into  the  lymphatics,  and  experiment  has  proved  that  the 
current  in  the  lymphatics  is  much  increased  in  inflammation. 


FiK  32  — Aouto  pericarditis.    The  sub-iicriciirdial  fat,  the  iuflamod  pericai-dium 
and  the  fibrinous  exudation  on  the  free  surface  of  tlio  latter  are  shown. 

The  serous  exudation  is  somewhat  diff"erent  in  constitution  from  an 
ordinary  transudation  fluid.  It  is  much  more  concentrated,  approach- 
ina  more  nearly  to  the  liquor  sanguinis,  and  it  contains  more 
leucocytes  than  the  exudation  in  simple  osdema.  It  is  also  in  many 
cases  coagulable,  so  that  when  shed  it  may  deposit  fibrine,  and  some- 
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times  does  so  in  the  living  body.  When  this  occurs  we  have  the 
fibrinous  exudation.  We  may  associate  these  characters  of  the  serous 
exudation  with  the  fact  that  in  acute  inflammations  the  tissues,  in- 
cluding the  walls  of  the  vessels,  are  seriously  damaged,  and  the  latter 
allow  more  readily  of  the  escape  of  the  fluid  of  the  blood.  The  serous 
exudation  filling  the  tissue  spaces  acts  not  only  as  a  vehicle  of 
nutriment  to  the  cells  and  as  a  diluent  to  deleterious  substances, 
but  also  acts  as  a  carrier  of  certain  bactericidal  substances  produced  by 
the  leucocytes,  and  possibly  also  by  other  cells.  This  will  be  referred 
to  later  on.    (See  Immunity.) 


Fig.  33.— Acutu  Pleurisy.    Fibrinous  e.xudatiuu  on  surface  of  greatly  thickened  pleura. 

2.  The  fibrinous  exudation.— This  is  seen  most  typically  in  acute 
inflammations  of  serous  cavities  such  as  the  pericardium  or  pleura. 
(Figs.  32  and  3.3.)  In  such  cases  there  is,  in  addition  to  the  serous 
exudation  occupying  the  cavity,  a  deposition  on  the  surface  of  a  soft 
yellow  layer  of  coagulated  fibrine.  There  is  frequently  a  similar 
deposition  on  the  surface  of  a  freshly-inflicted  wound,  the  fibrine 
torming  a  glaze  on  the  surface,  while  the  serous  fluid  passes  off"  as  a 
discharge.  Fibrine  is  seldom  deposited  in  the  meshes  of  the  tissues, 
iinless  there  be  an  actual  necrosis,  as  in  the  case  of  a  boil  or  a 
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carbuncle,  where  the  slough  which  forms  in  the  slcin  is  composed  partly 
of  dead  tissue  and  partly  of  fibrine.  In  acute  pneumonia,  however,  the 
exudation  in  the  lung  alveoli  is  fibrinous.    (See  Fig.  34.) 

The  term  Lymph,  or  coagulable  lymph,  is  often  applied  to  the  fibrinous  exudation 
as  seen  on  serous  surfaces,  but  the  use  of  this  term  is  not  to  be  commended.  Prom 
its  use  by  John  Hunter  the  term  has  interesting  historical  relations,  yet,  as  it 
implies  a  theory  which  is  not  now  held,  namely,  that  the  so-called  lymph  has  the 
power  of  developing  into  organized  tissue,  its  use  is  apt  to  lead  to  confusion.  This 
is  all  the  more  true,  because  the  term  lymph  is  frequently  used  in  a  very  loose  way 
to  designate  connective  tissue  formed  as  a  result  of  inflammation.  According  to 
Hunter's  view,  the  connective  tissue  develops  directly  from  the  fibrine,  and  so  it 
was  legitimately  called  lymph  ;  but  as  his  views  are  now  departed  from,  this  use  of 
the  term  is  quite  unwarranted. 


Fig  34. — Fibrine  in  a  lung  alveolus. 

The  fibrine  of  the  exudation  has  all  the  characters  of  that  in  an 
ordinary  blood-clot.  This  is  shown  in  Fig.  34,  where  a  network  of 
fibres  is  seen  filling  a  lung  alveolus.  It  has  also  a  similar  origin  to  that 
in  the  blood-clot.  We  have  seen  (under  Thrombosis)  that  coagulation 
of  blood  occurs  when  the  necessary  constituents  are  present  and  that 
in  order  to  effect  this  there  must  be  a  disintegration  of  the  leucocytes 
so  as  to  yield  the  ferment.  Leucocytes  are  ahvays  present  in  the 
serous  exudation,  and  to  bring  about  their  disintegration  they  must  be 
sufficiently  removed  from  the  influence  of  the  living  tissue.  This  can 
scarcely  occur  except  in  the  case  of  an  extended  surface,  as  of  a  mem- 
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braiie.  Just  as  thrombosis  does  not  occur  in  the  capillaries,  because 
the  blood  in  these  narrow  vessels  is  in  intimate  contact  with  the  living 
cells  forming  the  capillary  walls,  so  in  inflammation  the  fibrinous 
exudation  scarcely  occurs  in  the  serous  spaces  unless  there  be  actual 
necrosis  of  the  tissue.  In  some  very  acute  inflammations  of  connective 
tissue  (acute  phlegmon)  there  may  be  a  deposition  of  fibrine,  forming 
a  kind  of  fibrinous  oedema,  such  as  sometimes  occurs  in  the  skin  in 
erysipelas,  but  in  these  cases  necrosis  is  a  frequent  if  not  a  constant 
concomitant.  It  is  where  the  exudation  is  on  a  surface,  and  is  to  a 
great  extent  removed  from  contact  with  the  living  endothelium,  that 
the  fibrinous  exudation  is  most  constantly  found. 

Epithelium,  like  endothelium,  has  the  power  of  preventing  the 
disintegration  of  the  leucocytes,  and  hence  a  fibrinous  exudation  seldom 
occurs  on  a  mucous  membrane  or  the  skin.  Its  occurrence  implies  that 
the  epithelium  has  undergone  necrosis  or  has  been  shed. 

■3.  Exudation  of  white  and  red  blood-corpuscles. — The  resemblance 
of  the  cells  met  with  in  acute  inflammations  to  the  leucocytes  in  the 
blood  long  ago  suggested  the  idea  that  they  are  white  blood  corpuscles. 
In  the  year  1846  Waller  observed  the  pavementing  of  the  internal  coat 
of  the  veins  with  white  blood-corpuscles  in  the  inflamed  tongue  of  the 
frog,  and  as  he  saw  similar  cells  outside  the  vessel  he  inferred  that 
the  white  corpuscles  had  got  through  the  wall.  It  was,  however, 
difficult  to  believe  that  the  solid  globular  white  corpuscles  could  pass 
through  the  intact  wall  of  a  blood-vessel,  and  Waller's  views,  although 
supported  by  William  Addison,  were  lost  sight  of.  The  discovery  by 
Recklinghausen  that  pus  corpuscles  and  white  blood-corpuscles  possess 
contractile  power  by  virtue  of  which  they  are  able  to  move  from  place 
to  place,  and  to  alter  their  shapes  in  the  most  diverse  fashion,  paved 
the  way  for  the  actual  observation  of  their  passage  through  the  walls 
of  the  vessels  made  by  Cohnheim. 

Emigration  of  white  corpuscles.— This  was  observed  by  Cohnheim 
in  the  mesentery  of  the  frog.  When  this  exceedingly  delicate  and 
transparent  structure  is  drawn  out  of  the  body  through  a  wound  in 
the  lateral  aspect  of  the  abdomen,  the  mere  exposure  to  the  air  is 
sufficient  to  set  up  an  acute  inflammation,  the  phenomena  of  which 
can  be  readily  observed  under  the  microscope.  Let  us  suppose  that 
the  pavementing  of  the  veins  has  occurred,  and  that  there  is  an 
occasional  white  corpuscle  adherent  in  the  capillaries,  the  following 
surpnsmg  phenomena  show  themselves.  The  various  steps  as  described 
by  Cohnheim  himself  are  represented  in  Fig.  .35,  in  which  the  red 
corpuscles  are  left  out  in  order  to  bring  the  leucocytes  into  prominence. 

Une  sees,  as  a  rule,  first  in  a  vein  which  presents  the  pavementing 
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with  white  corpuscles,  but  sometimes  in  a  capillary,  a  pointed  projection 
m  the  external  contour  of  the  vessel ;  it  pushes  itself  farther  and 

farther  outwards,  it  increases  in  thickness, 
and  the  pointed  projection  develops  into  a 
colourless  rounded  knob;  this  increases  in 
length  and  thickness,  sends  out  fresh  points, 
and  draws  itself  gradually  outwards  from  the 
vessel-wall,  with  which  it  comes  to  be  con- 
nected only  by  a  long  thin  stem.  Finally, 
this  also  lets  go  the  vessel,  and  there  lies 
outside  a  colourless,  dull,  glancing,  contractile 
corpuscle,  with  several  short  processes  and  a 
long  one,  of  the. size  of  a  white  blood  cell, 
with  one  or  several  nuclei ;  in  a  word,  a  white 
blood-corpuscle." 

Diapedesis  of  the  red  corpuscles.— This  is  a 
frequent  accompaniment  of  acute  inflamma- 
tions. The  white  corpuscles  are  active  con- 
tractile cells,  and  they  generally  pass  through 
the  vessels  to  a  larger  extent  than  the  red 
ones,  but  there  are  some  inflammations  in 
which  the  red  corpuscles  also  pass  through 
in  large  numbers.  They  are  not  active,  but 
are  passively  pushed  through  the  walls,  just 
as  they  are  in  the  diapedesis  of  passive 
hypersemia.  As  a  rule  diapedesis  of  the  red 
blood-corpuscles  follows  the  emigration  of  the  leucocytes. 

Explanation  of  the  exudation  of  blood-corpuscles. — The  red  cor- 
puscles and  the  leucocytes  are  so  different  in  their  characters  that  the 
same  explanation  can  hardly  apply  to  both.  The  red  corpuscles  are 
devoid  of  nuclei  and  possess  no  spontaneous  movement.  Hence  their 
exudation,  in  inflammation  as  in  passive  hyperpemia,  is  a  passive 
process.  It  is  produced  by  pressure  from  within,  and  the  altered 
condition  of  the  vessel  wall,  as  well  as  of  the  circulation,  is  an  important 
element  in  its  causation.  That  the  state  of  the  vessels  is  an  importfint 
factor  is  evidenced  by  the  fact  that  exudation  of  the  red  corpuscles 
is  specially  met  with  in  the  more  severe  forms  of  inflammation.  As 
the  red  corpuscles  are  the  coloured  elements  of  the  blood,  inflammations 
in  which  they  are  specially  exuded  have  a  more  or  less  luwmorrhagic 
character,  and  it  is  generally  recognized  that  such  conditions  as 
hsemorrhagic  pneumonia  and  haemorrhagic  small-pox  are  specially  \aru- 
lent  forms  of  disease. 


Fig.  35.  —  Diagram  showing 
emlgi"atiou  of  leucocytes  in  a 
capillary  vessel.  (After  Arnold.) 
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The  leucocytes  being  active  bodies  have  not  such  a  merely  passive 
part  to  play.  They  are  amoeboid  cells,  and  pass  out  of  the-  vessels 
by  virtue  of  their  inherent  contractility.  No  doubt  the  altered  state 
of  the  vessel  wall  renders  it  easier  for  the  leucocytes  to  pass  through. 
The  leucocytes  probably  do  not  pass  through  the  midst  of  the  endo- 
thehal  cells  of  the  vessel  wall,  but  through  the  cement  between  them. 
According  to  Arnold  both  the  red  and  white  pass  out  largely  through 
pre-existing  apertiu-es  or  stomata.  (See  Fig.  19,  p.  71,  for  the  red,  and 
Fig.  35  for  the  white.)  As  the  corpuscles  pass  through  apertures 
much  narrower  than  themselves  they  undergo  alterations  in  shape, 
so  that  the  part  actually  in  the  wall  is  very  attenuated.  These 
apertures  probably  result  from  contractile  changes  in  the  endothelial 
cells. 

As  it  is  a  characteristic  feature  of  most  acute  inflammations  that  the 
leucocytes  pass  out  of  the  vessels,  and  as  they  do  so  often  in  exti'a- 
ordinary  numbers,  some  explanation  of  this  fact  must  be  sought.  Light 
has  been  thrown  on  the  matter  hy  the  researches  of  Metchnikoff  and 
others.  From  the  observation  of  unicellular  organisms  similar 
to  the  amoeba,  it  appears  that  certain  substances  in  solution  are 
attractive  to  these  bodies  and  others  are  repulsive.  As  this  depends 
on  the  chemical  nature  of  the  substances,  the  terms  positive  and 
negative  chemiotaxis  have  been  introduced  by  Pfeffcr.  PfefFer  showed 
that  a  decoction  of  dead  leaves  attracts  the  plasmodia,  whilst  solutions 
of  salt,  sugar,  and  other  substances  repel  them.  As  the  leucocytes 
of  the  blood  seem  to  be  of  a  similar  nature,  it  is  not  surprising  that 
they  also  are  liable  to  repulsion  and  attraction  by  different  substances. 
Thus,  with  regard  to  the  leucocytes,  it  has  been  observed  that  sub- 
stances like  croton  oil  and  turpentine  are  positively  chemiotactic,  while 
others  like  chloroform  and  alcohol  exercise  an  opposite  effect.  Further 
leucocytes  are  attracted  by  the  majority  of  the  microbes  which  induce 
inflammation,  and  Buchner  has  shown  that  the  substances  composing 
the  bodies  of  bacteria — bacterio-proteins — and  the  products  resulting 
from  the  breaking  down  of  the  tissues  are  similarly  attractive.  The 
extraordinary  migration  of  leucocytes  in  many  inflammations  can 
scarcely  be  otherwise  explained. 

For  example.  Fig.  36  represents  a  lesion  of  the  skin  (sudamen),  in 
which  leucocytes  have  accumulated  in  a  dilated  sweat^duct.  In  order 
to  reach  this  position  they  have  not  only  penetrated  the  vessel  wall, 
but  msinuated  themselves  amongst  the  epidermic  cells  till  they  reached 
the  Ulterior  of  the  duct.  There  seems  no  way  of  explaining  this  but 
by  the  view  that  the  sweat  contained  some  substance  attractive  to 
the  leucocytes.    It  has  diffused  from  the  duct  so  as,  in  a  dilute  form, 
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to  reach  the  vessels  and  attract  the  leucocytes  which  have  passed  i 
the  direction  of  its  more  concentrated  presence. 


Fig.  36. — Sudamen  formed  by  dilated  sweat-duct.     It  is  largely  occupied  by 
leucocytes  attracted  tliither.    x  SO. 

The  corpuscles  which  leave  the  vessels  in  inflammation  are  almost 
exclusively  the  polymorphonuclear  or  neutrophile  leucocytes.  In 
stained  sections  the  presence  of  leucocytes  of  this  character  can  often 
be  made  out  either  in  the  tissue  or  along  with  the  fibrine,  as  in  Fig.  37. 
It  has  been  suggested  that  this  lobed  character  of  the  nucleus  may 
be  in  order  to  allow  of  emigration,  as  the  solid  bulky  nucleus  of  the 
other  forms  would  have  great  difficulty  in  getting  through  the  minute 
stomata  (MetchnikofF). 

This  attractive  power  of  some  substances  is  supposed  to  have  a  special 
meaning,  and  the  emigration  of  the  leucocytes  comes  to  occupy  a 

central  position  in  MetchnikofFs 
theory  of  inflammation.  The  amoe- 
boid cells  of  the  various  orders  of 
animals  have  undoubtedly  the  power 
of  englobing,  and  sometimes  of  diges- 
ting, solid  granular  matter.  This 
power  has  relation  either  to  the 
nutrition  of  the  cell  or  to  the  pro- 
tection of  the  organism.  The  cells 
may  englobe  foreign  deleterious 
granules,  and  more  particularly 
parasitic  microbes,  and  even  by 
destroying  them  rid  the  body  of  them.  This  process  of  protective 
phagocytosis  is  stated  to  be  the  explanation  of  the  exudation  of  the 
leucocytes.    It  is  generally  a  case  of  infection  with  microbes,  and  it 


Fig.  37. — Polymoi-phonuoloar  leucocytes  iu 
fibrinous  reticulum.  From  a  lung  alveolus 
in  pneumonia. 
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is  suggested  that  the  chemical  products  evolved  by  them  attract 
the  le'iicocytes,  which  are  induced  to  leave  the  vessels  and  encounter 
the  microbes. 

It  is  consistent  with  this  view  of  the  attractive  power  of  certain 
substances  that  some  inflammations  are  associated  with  little  or  no 
emigration  of  leucocytes.  Thus  we  have  serous  inflammations  in 
which  there  are  few  leucocytes.  In  inflammations  produced  by  the 
bacillus  of  malignant  U3dema  also  there  is  abundant  serous  exudation, 
and  frequently  abundant  red  corpuscles,  but  the  leucocytes  are  few. 
The  poison  produced  by  this  microbe  exercises  apparently  a  negative 
chemiotaxis  on  the  leucocytes.  As  a  general  rule  it  will  be  found  that 
the  more  virulent  the  microbe  the  fewer  the  leucocytes  and  the  less 
marked  the  phagocytosis. 

4.  Cells  from  sources  other  than  the  blood. — Still  dealing  with,  the 
inflammatory  exudation,  the  question  arises  whether  all  the  cells  found 
in  it  are  derived  directly  from  the  blood.  The  origin  of  leucocytes  as 
a  whole  is  somewhat  obscure.  The  bone-marrow,  spleen,  and  lymphatic 
glands  are  usually  regarded  as  their  principal  sources,  but  the  connective 
tissue  as  a  whole,  which  is  intimately  related  to  the  lymphatic  system, 
is  by  many  regarded  as  capable  of  giving  origin  to  such  cells.  The 
study  of  the  process  of  inflammation  in  connective  tissues,  and  especially 
in  such  as  possess  no  blood-vessels,  seems  to  show  that  the  connective 
tissue  corpuscles  are  capable  of  giving  rise  to  amoeboid  cells.  These, 
however,  have  not  the  character  of  the  exuded  leucocyte,  which,  as  we 
have  seen,  is,  in  the  great  majority  of  cases,  of  the  polymorphonuclear 
variety.  When  examined  in  the  tissues  the  nuclear  distinction  can 
generally  be  made  out.  Cells  derived  from  the  permanent  tissues  have 
probably  more  permanent  characters  than  the  exuded  leucocytes. 

Hoffmann  and  Eecklinghausen  produced  inflammation  in  the  cornea  and  then 
excised  the  eye  or  the  head  of  the  animal  and  preserved  it  in  a  moist  chamber. 
They  found  in  two  or  three  days  that  at  the  seat  of  irritation  groups  of  amceboid 
cells  (pus  corpuscles)  had  formed,  as  in  ordinary  keratitis.  Then,  also,  several 
observers  have  described  and  figured  the  corneal  corpuscles  in  inflammation,  as 
drawing  in  their  processes,  and  in  doing  so  becoming  amoeboid.  They  also  leave 
detached  portions  of  their  protoplasm  which  become  pus  corpuscles.  It  has  also 
been  asserted  that  the  epithelium  on  the  posterior  surface  of  Descemet's  membrane, 
as  well  as  that  on  the  surface  of  the  cornea  and  elsewhere  becomes,  at  the  outset  of 
inflammations,  amojboid. 

The  cells  met  with  in  inflammatory  exudations  are  not  all  of  the 
character  of  leucocytes.  They  are  sometimes  larger  and  partake  of  the 
Character  of  derivatives  of  the  epithelial  cells.  This  is  more  parti- 
cularly the  case  in  certain  inflammations  of  the  lung,  where  the  alveoli 
■are  frequently  occupied  by  cells  which  are  evidently  produced  from 
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the  epithelium  of  the  alveoli  (so-called  catarrlud  cells).  A  similar 
formation  of  cells  is  frequently  seen  in  the  uriniferous  tubules  in 
inflammations  of  the  kidney?.  (See  under  Parenchymatous  Changes.) 
Again,  in  suppuration  in  epithelial  structures  generally,  amoeboid  cells 
are  often  found  which  are  much  larger  than  pus  corpuscles  and  are 
derived  from  the  epithelium.  Neumann  asserts  that  ciliated  epithelium 
sometimes  becomes  amoeboid  and  can  be  recognized,  even  after  it  has 
become  detached,  by  the  persistence  of  some  of  its  cilia. 

5.  The  purulent  exudation.  Suppuration.  Pus.— Pus  consists  of 
a,  fluid  portion,  the  liquor  puris,  and  of  pus  corpuscles,  which  are 
identical  with  ordinary  leucocytes. 

Pus  is  met  with  under  a  variety  of  circumstances,  but  in  nearly  all 
cases  it  is  produced  by  the  action  of  microbes.  The  purulent  exudation 
frequently  follows  the  fibrinous  exudation,  especially  in  serous  cavities, 
and  it  is  not  uncommon  to  find  an  intermediate  condition  in  which  the 
fibrine  is,  as  it  were,  infiltrated  with  pus.  This  implies  that  the  cause 
of  the  inflammation  continues  to  act  intensely.  The  emigration  of 
leucocytes  goes  on  Adgorously,  and  these,  crowding  into  the  fibrinous 
coagulum,  the  latter  disintegrates  and  liquefies,  the  liquefaction  of  the 
fibrine  being  perhaps  equivalent  to  the  necrosis  of  tissue  which  is 
implied  in  the  formation  of  abscess,  and  being  a  specific  ofl'ect  of  the 
toxin. 

In  the  great  majority  of  cases  the  microbes  which  cause  suppurations — pyogenic 
microbes — belong  to  the  class  of  micrococci,  e.rj.  staphylococcus  and  streptococcus 
pyogenes,  diplococcus,  gonococcus,  micrococcus  tetragenus.  But  as  we  shall  see 
later,  other  organisms  may  lead  to  suppuration,  e.g.  bacillus  eoli  communis,  bacillus 
typhosus,  streptothrix  actinomyces,  and  others. 

Many  experiments  have  been  made  in  order  to  determine  whether  suppuration 
can  be  produced  without  the  agency  of  microbes.  From  some  of  these,  it  appears 
that  various  substances,  among  them  turpentine,  mercury,  solutions  of  nitrate  of 
silver,  and  various  essential  oils,  may  induce  suppuration,  and  that  cadaverin, 
obtained  from  decomposing  matters,  but  free  from  microbes,  may  do  so.  Koch  has 
pointed  out  also  that  tuberculin  obtained  from  cultures  of  the  bacillus  of  tubercle, 
although  free  from  microbes,  is  capable  of  producing  suppuration.  We  may  there- 
fore infer  that  while  suppuration  may  be  produced  by  different  active  agents,  yet 
in  actual  cases  microbes  are  always  present.  We  may  also  infer  that  it  is  by 
evolving  irritating  chemical  principles  (toxins)  that  they  produce  this  effect. 

It  is  not  easy  to  understand  why  pus  does  not  coagulate.  There  are  abundant 
leucocytes,  and  there  is  the  fluid  presumably  containing  the  fibrinogen.  Moreover, 
a  few  pus  corpuscles  added  to  fresh  liquor  sanguinis  induce  coagulation.  Its 
absence  in  pus  has  been  ascribed  to  the  existence  of  some  chemical  agent  evolved 
by  the  micro-organisms  which  inhibits  the  process  of  coagulation,  or  to  a  con- 
version of  the  fibrinogen  into  peptones,  which  latter  are  known  to  be  present  in  pus. 

In  the  case  of  serous  membranes  the  occurrence  of  suppuration 
implies  a  very  intense  inflammation,  but  in  the  case  of  mucous  mem- 
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branes  pus  is  often  produced  when  the  inflammation  is  comparatively 
trivial.  The  ordinary  catarrh  of  the  nares  and  bronchi  is  first 
accompanied  by  a  serous  exudation,  and  this  often  gives  place  to  an 
exudation  of  pus. 

Purulent  infiltration  is  a  term  applied  when  the  suppuration  occurs 
not  at  the  surface  but  in  the  midst  of  the  tissue,  and  the  pus  fills  up 
the  spaces,  the  condition  being  comparable,  in  respect  of  the  locality  of 
the  exudation,  with  oedema.  Purulent  infiltration  implies  an  intense 
inflammation,  and  it  is  almost  necessarily  associated  with  necrosis. 

Abscess  frequently  follows  purulent  infiltration.  The  name  abscess 
or  Apostema  is  applied  to  a  collection  of  pus  in  a  cavity  generally 
formed  to  accommodate  it,  although  it  is  sometimes  used  in  cases  where 
the  pus  has  accumulated  in  a  pre-existing  cavity.  Purulent  infiltra- 
tion usually  precedes,  and  the  abscess  is  formed  by  the  necrosis  or 
hquefaction  of  the  tissue,  so  that  a  cavity  results.  Hence  abscesses 
often  contain  shreds  of  tissue  or  sloughs. 

The  abscess  has  often  a  distinct  membrane  forming  its  boundaries. 
This  membrane  is  composed  of  granulation  tissue,  and  it  has  often  been 
regarded  in  the  light  of  a  secreting  surface  by  which  the  pus  is  produced; 
hence  the  name  Pyogenic  membrane  applied  to  it.  The  membrane, 
however,  is  by  no  means  necessary  to  the  formation  of  pus,  and  it  is,  in 
fact,  a  secondary  product  after  the  abscess  has  actually  formed. 
Leucocytes  penetrate  the  membrane  passing  from  its  vessels  and  from 
those  of  the  surrounding  tissue,  and  the  abscess  may  enlarge.  But  the 
pyogenic  membrane  really  limits  the  enlargement,  as  granulation  tissue 
IS  less  sensitive  to  irritants  than  other  tissues,  and  is  to  be  regarded  as 
really  a  protective  layer. 

As  abscesses  contain  the  agents  of  inflammation  which  have  produced 
the  suppuration,  they  usually  enlarge.  This  mostly  occurs  in  the 
direction  of  least  resistance,  but  gravitation  often  plays  a  part  in  the 
advance  of  an  abscess.  There  is  a  gradual  liquefaction  of  the  tissue 
before  the  advancing  pus,  and  this  goes  on,  as  a  rule,  till  a  surface  is 
reached  and  the  pus  discharged. 

A  cold  abscess  is  not  really  a  collection  of  pus,  but  only  of  matter 
resembling  pus.  This  is  usually  softened  caseous  matter,  produced  in 
connection  with  tuberculosis  of  bone,  but  pus  corpuscles  are  often 
mixed  with  this  debris.  Cold  abscesses  frequently  extend  long  dis- 
tances, assisted  by  gravitation,  before  they  reach  the  surface.  Their 
opening  by  admitting  septic  micrococci,  may  lead  to  acute  suppuration 
within  the  cavity. 

ch!^'  ^^T""''  «r   elsewhere,  frequently  undergoes 

o-^Ses.    The  pus  corpuscles  often  undergo  fatty  degeneration,  or 
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they  may  swell  up  and  disintegrate.  The  pus  may  in  this  way  become 
absorbed.  It  sometimes,  by  absorption  of  its  fluid,  thickens  into  a 
pasty  matter,  in  which  lime  salts  may  be  deposited.  Again,  pus,  or 
indeed  a  serous  exudation,  may  be  mixed  with  other  matters,  the 
secretion  of  glands,  such  as  miicus,  urine,  or  bile,  or  vnth  oil,  where 
suppuration  occurs  in  a  tissue  rich  in  fat. 

Croupous  and  diphtheritic  exudations.— These  terms  have  got  into  common  use, 

but  their  employment  is  not  to  be  recommended. 

The  croupous  exudation  is  that  which  occurs  in  the  larynx  in  croup,  a  disease 
of  this  organ.  (The  term  croup  is  a  Scotch  word  meaning  the  hoarse  croaking 
sound  of  the  cough  and  speech  in  certain  laryngeal  affections.  It  is  nearly 
equivalent  to  the  English  word  croak.  It  is  by  an  extraordinary  philological 
development  that  the  terms  croup  and  croupous  have  come  to  be  used  to  designate 
the  solid  fibrinous  exudation  of  disease.)  The  exudation  in  the  larynx  in  croup  is 
a  whitish  layer  resembling  fibrine,  and  by  many  regarded  as  a  fibrinous  exudation. 
Wagner  believed  that  it  arose  by  transformation  of  the  epithelium  and  Weigert  has 
asserted  that  it  is  due  to  a  coagulation-necrosis  of  the  epithelium. 

The  diphtheritic  exudation  implies  a  necrosis  not  only  of  the  epithelium  but  of 
the  mucous  membrane.  A  fibrinous  exudation  occupies  the  meshes  of  the  necrosed 
tissue  as  well  as  its  surface,  and  it  is  consequently  adherent  to  and  involved  in  the 
membrane. 

These  terms,  although  originally  applied  to  croup  and  diphtheria,  are  now 
frequently  used  in  a  purely  anatomical  sense  of  exudations  on  mucous  membranes. 
A  croupous  exudation  is  one  which  lies  on  the  surface  and  is  not  associated  with 
necrosis  of  the  mucous  membrane,  while  a  diphtheritic  exudation  is  both  on  the 
surface  and  in  the  substance  of  the  membrane  and  implies  necrosis. 


IV.— CHANGES  IN  THE  TISSUES  AND  THE  INFLAMMATORY 

NEW-FORMATION. 

•  In  what  has  gone  before,  the  changes  referred  to  have  mainly 
concerned  the  blood-vessels  and  the  various  channels  and  spaces  of  the 
lymphatic  system  in  connection  with  them.  Besides  these,  however, 
we  have  to  consider  the  changes  in  the  tissues  themselves,  whether  it 
be  the  proper  parenchyma  or  the  supporting  structures  forming  the 
connective  tissue.  The  proper  tissue-changes  are  divisible  in  a 
general  way  into  two,  namely,  those  which  concern  the  parencliyma  or 
proper  substance  of  organs,  and  which  may  be  termed  parenchymatous 
changes,  and  those  which  involve  a  new-formation  of  tissue  and  are  met 
with  chiefly  in  the  connective  tissues  and  the  surface  epithelium. 

1.  Parenchymatous  changes. — In  these  we  include  the  changes 
which  occur  in  the  proper  substance  of  the  tissues,  the  structures  which 
perform  the  special  functions  of  the  parts.  We  have  the  numerous 
epithelial  structures  forming  the  secreting  substance  of  glands,  and  we 
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liave  tKe  parenchyma  of  nerve  tissue,  of  muscle,  of  bone,  of  the 
lungs,  etc. 

In  many  acute  inflammations  the  only  obvious  changes  apart  from 
the  blood-vessels  are  degenerative,  consisting  mainly  of  necrosis  and 
fatty  degeneration.  In  many  other  ^ases,  however,  there  are  active 
changes  visible  in  the  parenchymatous  cells,  although  it  is  also  true 
that  these  are  often  associated  with  degenerative  changes. 

The  active  parenchymatous  changes  consist  mainly  of  enlargement  of 
the  protoplasm,  due  to  an  infiltration  with  albuminous  material.  The 
cells  acquire  in  consequence  a  granular  clouded  appearance,  which  is 
expressed  in  the  name  Cloudy  swelling.  (See  under  Albuminous 
Infiltration.)  At  the  same  time  the  cells  frequently  multiply,  and  they 
do  this  by  the  process  of  karyomitosis.  The  new-formed  cells 
frequently  depart  from  their  position,  especially  in  inflammations  of 
epithelium.  This  process  of  Desquamation  causes  the  cells  to  form 
sometimes  a  material  part  of  exudations.  (See  above.)  These 
phenomena  of  cloudy  swelling  and  desquamation  are  frequently 
associated  with  Fatty  degeneration.  Another  occasional  sign  of 
increased  activity  is  an  increase  in  the  secretion  of  glands  involved  in 
inflammations.  Thus  the  secretion  of  mucus  is  frequently  increased 
in  inflammations  involving  mucous  membranes. 

There  ai'e  some  inflammations  in  which  these  phenomena  are  so 
characteristic  that  Virchow's  name  of  Parenchymatous  inflammation 
is  sometimes  used  for  them.  It  may  be  presumed  that  the  irritant  in 
these  cases,  usually  a  morbid  poison,  has  special  aflanities  for  the 
parenchymatous  structures.  It  is  not  to  be  inferred,  however,  that  the 
phenomena  in  the  blood-vessels  already  described  are  absent.  They 
are  probably  present  in  all  cases,  and  they  may  be  much  more 
promment  during  life  than  one  would  infer  from  the  appearances  after 
death. 

2.  New-formation  of  tissue.— In  what  has  gone  before  the 
phenomena  described  have  been  chiefly  those  of  the  earlier  periods  of 
inflammation  and  hence  of  the  acute  stage.  Some  inflammations, 
however,  have  no  acute  stage,  and  others  after  an  acute  period 
become  less  intense ;  in  both  cases  changes  ensue  which  result  chiefly 
"niew-formation  of  tissue.  It  may  be  said,  indeed,  that  most  Chronic 
inflammations  are  characterized  by  new-formation.  Besides  this, 
much  depends  on  the  nature  of  the  irritant.  There  are  some  agents 
Which  aff-ect  chiefly  the  blood-vessels,  others  which  involve  mainly 
He  parenchyma,  whilst  others  produce  their  eflects  mainly  on  the 
^onnective  tissues,  and  lead   to   new-formation  as  their  pi-incipal 

aracteristic.   The  new-formed  tissue  sometimes  exercises  an  important 
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function  in  serving  as  a  bond  of  union  between  surfaces  which,  have 
been  separated,  but  it  is  very  frequently  of  no  such  beneficial  character. 
Thus  both  the  tubercular  and  syphilitic  infections  are  characterized  by 
the  formation  of  tissue,  which  in  both  cases  shows  commonly  a 
degenerative  tendency.  The  processes  concerned  in  these  and  other 
similar  diseases  may  be  designated  specific  inflammations. 

(a)  The  Granulating  Wound,  with  its  subsequent  development  into 
the  Cicatrix,  may  be  taken  as  a  type  of  the  inflammatory  new- 
formation.    (See  Fig.  38.)    On  the  infliction  of  a  wound  there  are  first 


Fig.  3S.— Margin  of  gi-auulating  ulcor  of  log.    x  50. 

the  phenomena  of  acute  inflammation  mth  exudation  of  serous  fluid 
and  leucocytes  such  as  have  been  already  described.  As  the  irritation 
of  the  actual  infliction  of  the  wound  subsides,  and  provided  the  wound 
does  not  unite  at  once  (first  intention),  a  milder  and  more  prolonged 
irritation  usually  ensues,  caused  in  various  ways  by  the  friction  of 
dressings,  by  decomposition  of  discharges,  etc.,  with  the  result  that 
so-called  granulations  cover  the  exposed  surface.  If  the  wound  be 
carefully  protected,  by  antiseptic  precautions  and  other^vise,  from  all 
irritation,  both  mechanical  and  chemical,  then  the  granulations  do  not 

form.  .  , 

Granulations  present  to  the  naked  eye  a  red,  somewhat  n-regulai, 
surface,  and  consist  of  a  highly  cellular  and  highly  vascular  tissue. 
There  is  here  new-formation  of  cells  and  blood-vessels.  Among  the 
Cells  composing  the  granulations  the  following  forms  may  be  recognized : 
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polymorphonuclear  leucocytes,  formative  cells,  mononuclear  and  multi- 
nuclear  cells. 

The  polymorphonuclear  leucocytes  (see  Fig.  39)  are  small  round 
cells  with  irregular  or  lolled  nuclei  which  stain  deeply.  They  are 
derived  from  the  blood  and  form  part  of  the  exudation  which  granula- 
tions mostly  yield.  They  aj-e  here  merely  in  transit  from  the  vessels 
to  the  surface  or  to  the  lymphatics.  Their  fate  is  to  disappear.  They 
play  no  part  in  the  organization  of  the  tissue,  except  in  so  far  as 


a  ^ 


Fig.  39.— Emigi-ation  of  polymorphonuclear  leucocytes.  Subcutaneous  tissue  in 
acute  inflammation.  x400. 


they  supply  food  for  certain  of  the  mononuclear  cells.  The  absorp- 
tion of  these  leucocytes  by  mononuclear  cells  is  -often  evident.  (See 
Fig.  40.) 

Formative  Cells  or  Fibroblasts.  (See  Fig.  41.)— These  are  larger 
cells  with  round  or  oval  nuclei  and  with  a  relatively  abundant  proto- 
plasm. The  shape  of  the  cell  varies.  While  the  younger  forms  are 
rounded,  the  older  approximate  more  to  the  type  of  the  spindle.  These 
are  the  true  tissue  cells  of  the  granulations  and  are  derived  from  pre- 
existing connective  tissue  cells,  and  as  they  are  concerned  in  the 
ormation  of  the  future  permanent  tissue  they  are  called  formative 
cells  or  fibroblasts.     The  term  Epithelioid  is  sometimes  less  appro- 
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priately  applied  to  these  cells  on  account  of  their  resemblance  to 
epithelial  cells. 


1^ 


*7  "»  1 


Fig.  40. — Active  phagocytosis  of  iDolyuioriilionuclear  leucocytes  by  mononuclear 
ceUa.    X  400. 


Mononuclear  Cells. 


(See  Fig.  40.) — These  are  cells  \vith  a  single 
nucleus  and  a  relatively  large 
amount  of  protoplasm.  In  their 
morphological  characters  and 
properties  they  are  indistinguish- 
alile  from  the  large  hyaline 
leucocytes  of  the  blood  on  the 
one  hand,  and  from  fibroblasts, 
in  one  stage  of  their  development, 
•on  the  other.  '  While  it  has  not 
been  definitely  established  that 
the  mononuclear  hyaline  leuco- 
cytes of  the  blood  develop  into 
fibrous  tissue,  it  is  at  least  pos- 
sible that  they  do  so  in  the  human 


Fig.  41.— From  superficial  part  of  a  gi-anulating  r  ,  i  i 

wound.  Large  formative  cells  and  polymorpho-  subjCCt.  ill  CCrtaill  01  tlie  lOWCr 
nuclear  leucocytes  are  shown.  .  ,       4.  j    ,i  , 

animals,  e.g.  the  tadpole,  the 
transition  from  the  leucocyte  into  a  typical  connective  tissue  cell  has 
been  repeatedly  observed. 
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Multinuclear  Cells  or  Giant  Cells.  (See  Fig.  42.)— These  are 
large  cells,  often  considerably  larger  than  the  formative  cells,  with 
several  nuclei.  They  are  somewhat  infrequent  in  ordinary  granulation 
tissue,  and  are  more  characteristic  of  the  specific  inflammations. 
Evidently  they  may  arise  in  more  ways  than  one,  such  as  by  confluence 
of  large  mononuclear  cells  and  by  enlargement  of  formative  cells,  the 
nuclei  of  which  divide  without  the  cell  protoplasm  participating.  They 
may  play  the  part  of  phagocytes  (see  Fig.  42),  and  when  their  work  is 
accomplished  may  divide  up  into  smaller  cells. 


ft,'®-  * 


Fig.  42.— Absorption  of  muscular  fibre  by  large  multinucleated  phagocytes, 
moi-phonuclear  leucocytes  breaking  up  fibre,    x  400. 


Poly- 


In  virtually  all  new-formed  tissue  of  inflammatory  origin,  cells  having  the 
characters  of  the  small  lymphocytes  are  present. 

The  Plasma-Cell  is  a  peculiar  cell  of  varying  outline,  pyriform,  ovoid  or  elon- 
gated, with  usually  an  eccentric  nucleus.  The  protoplasm  stains  blue  with 
methylene  blue,  while  the  nucleus  stains  more  lightly.  The  origin  of  this  cell  is 
doubtful.  According  to  some  it  is^derived  from  pre-existing  or  emigrated  lym- 
phocytes, according  to  others  from  emigrated  large  mononuclear  leucocytes.  The 
part  played  by  this  cell  is  not  yet  exactly  known  ;  it  may  be  phagocytic.  In  certain 
round-celled  infiltrations  these  cells  may  be  present  in  large  numbers. 

The  Mast-Cell  (Mastzelle)  of  Ehrlich  is  another  peculiar  cell,  the  precise  source 
and  function  of  which  is  unknown.  The  protoplasm  of  the  cell  contains  large 
numbers  of  basophile  granules  which  stain  red  with  methylene  blue.  Such  cells  are 
common  in  the  neighbourhood  of  inflammatory  areas. 

The  granulation  tissue  may  be  regarded  as  a  kind  of  embryonic 
nssue,  without  the  definite  characters  of  any  of  the  mature  tissues  of 
he  body.     Like  emlnyonic  tissue  it  has  the  power  of  developing 


134 


INFLAMMATION. 


mature  tissue,  but  its  powers  are  much  more  limited  than  those  of  the 
foital  embryonic  tissue.  With  the  exception  of  the  cells  derived  from 
epithelium  at  the  edges  of  the  wound  it  is  connective  tissue  which  the 
granulations  are  capable  of  forming.  The  granulation  cells  are  mostly 
derived  from  connective  tissue,  and  are  inclined  to  pass  back  into  the 
same  kind  of  tissue.  The  first  stage  in  this  direction  is  an  elongation 
of  the  cells,  so  that  the  more  or  less  round  formative  cells  become 
spindle-shaped.    In  the  deeper  parts  of  the  granulating  wound  there 

are  frequently  considerable 
^T-^'::^SKSBSB!^^""  layers  of  spindle-cell  tissue. 

(See  Fig.  43.)  The  next 
stage  is  the  formation  of  the 
filjrous  intercellular  sub- 
stance, which  occurs  by  the 
production  of  a  homogeneous 
or  fibrillated  material  be- 
tween the  cells.  This  arises 
by  a  kind  of  secretion  on  the  part  of  the  cells,  and  the  latter  at  the 
same  time  shrink  greatly  and  form  the  small  elongated  connective- 
tissue  corpuscles  of  the  cicatrix.  The  Cicatrix  is  thus  composed  of 
new-formed  connective  tissue ;  but  it  is  imperfectly  formed,  the  inter- 
cellular substance  being  usually  denser  than  that  of  ordinary  con- 
nective tissue,  and  with  a  tendency  to  shrink  which  often  lasts  long 
after  its  first  formation. 

The  blood-vessels  of  the  granulating  wound  form  a  rich  system  of 
capillaries,  mostly  in  the  form  of  loops  passing  towards  the  surface  and 
returning.    (See  Figs.  38  and  44.)    They  form  by  a  process  of  budding 


Fig.  43.— From  deeper  part  of  a  gi-anulating  wound. 
Spindle-shaped  cells  with  occasional  polymorpho- 
nuclear leucocytes  are  shown. 


Fig.  44. — Vessels  of  a  grauulatiug  wound  injected.  (IJii.luoth.) 

from  the  existing  vessels  of  the  part.  The  protoplasm  of  one  of  the  cells 
in  the  wall  of  a  small  artery  or  capillary  protrudes  outward,  like  a  bud, 
and  extends  to  a  neighbouring  vessel,  or  to  a  corresponding  process 
from  another  vessel.  In  this  way  solid  arches  (see  Fig.  44)  are  formed 
which  increase  in  thickness.    The  vessels  are  formed  by  the  tunnelling 
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of  these  It  has  been  asserted  that  the  tunnelling  takes  place  by  the 
conversion  of  some  of  the  protoplasm  into  red  corpuscles  in  a  manner 
similar  to  that  which  occurs  in  the  driginal  formation  of  vessels  m  the 
embryo,  but  this  is  very  doubtful.  According  to  Thiersch  blood-vessels 
may  be 'formed  by  a  process  of  channelling  among  the  cells.  The  wall 
of  the  vessel,  infiltrated  and  softened  by  the  inflammation,  allows  the 
blood  plasma  to  pass  out,  and  this  forms  canals  which  widen  and  admit 
the  blood-corpuscles,  but  this  is  doubted  by  other  authors,  such  as 
Arnold  and  Yamagiwa. 


Fig.  4.5. — New-fomiatioii  of  blood-vessels  in  a  gramilatlug  wound.    (After  Arnold.) 

Bone  and  cartilage  are,  histologically,  forms  of  connective  tissue, 
and  they  are,  in  pathological  processes,  to  some  extent  interchangeable 
^vith  ordinary  connective  tissue.  Hence  in  inflammatory  new-forma- 
tions we  may  have,  according  to  circumstances,  these  tissues  produced 
along  with  or  instead  of  connective  tissue.  This  applies  more  particu- 
larly to  inflammations  in  coimection  with  bone.  In  fractm-es,  for 
example,  the  so-called  callus  is  composed,  in  many  cases,  of  all  three 
tissues. 

The  New-formation  of  epithelium  is  an  essential  part  of  the  process 
of  the  conversion  of  a  granulating  wound  into  a  cicatrix.  To  some 
extent  the  cells  at  the  margins  of  the  granulating  wound  are  derived 
from  the  epidermic  cells,  and  these  will  develop  into  epidermis.  The 
new  epithelium,  however,  is  derived  to  a  large  extent  more  directly  by 
karyomitosis  from  the  surrounding  epidermic  cells.  Hence  this  part 
of  the  process  occurs  usually  at  the  margins  of  the  wound,  and  will 
only  take  place  in  the  midst  of  the  wound  if  epithelial  structures  such 
as  hair  follicles  or  glands  survive  there.  A  certain  limited  amoeboid 
•movement  is  asserted  by  which  the  young  epithelium  passes  into  its 
Pioper  place.  The  newly-formed  epithelium  is  translucent  and  delicate, 
so  that  the  granulations  beneath  show  their  colour  through  it.  The 
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epithelium  remains  somewhat  translucent,  like  that  of  the  stratum 
lucidum  of  the  epidermis,  and  there  is  not  in  the  cicatrix  a  formation 
of  a  proper  Malpighian  layer.  Living  epithelium  may  be  transplanted 
from  a  distant  part  or  from  another  person  to  the  surface  of  a  wound 
where  it  may  multijDly.    (See  under  Transplantation.) 

(b)  Other  inflammatory  new-formations  present  processes  which  in 
their  elements  are  similar  to  those  just  described.  For  new-formation 
to  occur  the  inflammation  must  be  prolonged  for  a  considerable  time, 
and  it  must  not  be  too  severe,  hence  it  usually  arises  as  the  result  of 
a  chronic  inflammation.  As  it  is  connective  tissue  which  is  chiefly 
concerned  in  this  process,  the  result  is  in  most  cases  an  increase  of 
existing  connective  tissue.  In  such  cases  the  process  does  not  go 
through  such  definite  stages  as  in  the  case  of  the  granulating  wound, 
but  the  various  steps  are  present  side  by  side.  The  tissue  shows 
leucocytes,  formative  cells,  and  fully-formed  connective  tissue. 

A  brief  consideration  of  the  distribution  of  the  connective  tissue  will 
indicate  the  general  characters  of  the  inflammatory  new-formation. 
Membranes,  such  as  serous  and  mucous  membranes,  undergo  great 
thickening  of  their  connective-tissue  structures.  As  serous  membranes 
are  essentially  composed  of  this  tissue  there  is  simply  a  thickening  of 
these.  (See  under  Chronic  Pleurisy  and  Chronic  Peritonitis.)  The 
same  applies  to  the  endocardium  of  the  heart  and  the  intima  of  blood- 
vessels, which  are  connective-tissue  membranes  and,  in  chronic  inflam- 
mations, undergo  thickenings.  (See  under  Chronic  Endocarditis  and 
Endarteritis.)  Mucous  membranes  contain  glandular  structures,  and 
the  thickening  and  shrinking  of  the  connective  tissue  may  cause 
atrophy  of  the  former,  and  actual  thinning  of  the  mucous  membrane  as 
a  whole.  (See  under  Chronic  Bronchitis.)  On  the  other  hand,  there 
may  be  a  great  thickening  of  the  mucous  membrane,  especially  where 
the  glands  are  few  or  simple  in  structure.  This  inflammatory  thicken- 
ing may  occur  irregularly,  and  there  is  sometimes  a  localized  formation 
of  tissue  which  projects  from  the  surface  and  forms  tumour-like  out- 
growths, the  so-called  Mucous  polypi,  such  as  are  found  in  the  uterus, 
nares,  larynx,  intestine,  etc.  In  some  cases  there  is  a  new-formation  of 
gland  tissue  along  with  connective  tissue,  and  the  polypi  may  thus  be 
more  complex  in  structure. 

In  parenchymatous  organs,  such  as  the  liver  and  kidney,  there  is  a 
stroma  of  connective  tissue  supporting  the  proper  tissue,  and  carrying 
Tjlood-vessels,  lymphatics,  and  ducts.  In  chronic  inflammations  this 
undergoes  inci^ease,  and  often  leads  to  atrophy  of  the  proper  tissue  and 
shrinking  of  the  whole  organ. 

Foreign  bodies,  or  dead  pieces  of  tissue,  frequently  give  rise  to 
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iiiflammatoiy  new-formation.  A  foreign  body  introduced  among  the 
living  tissues,  if  not  very  virulent  in  its  OAvn  nature,  sets  up  a  mild 
chronic  inflammation,  with  the  result  of  producing  a  vascular  rudimen- 
tary tissue  like  granulations.  If  the  foreign  body  be  permeable  by 
this  tissue,  then  the  granulations  grow  into  it,  and,  as  it  were,  devour 
it,  replacing  it  first  by  their  own  rudimentary  tissue,  which  afterwards 
gives  place  to  connective  tissue.  As  this  connective  tissue  is  compara- 
tively small  in  bulk,  and  tends  to  contract  more  and  more,  the  result 
of  the  whole  process  is  an  absorption  of  the  foreign  or  dead  substance 
and  the  gradual  disappearance  both  of  it  and  of  the  tissue  which  has 
replaced  it.  But  if  the  foreign  body  be  not  permeable,  or  only  partially 
so,  then  the  inflammation  results  in  the  production  of  a  layer  of 
connective  tissue  around  it,  and  so  the  body  becomes  encapsuled. 

Many  instances  of  this  might  be  given.  If  a  piece  of  dead  animal 
tissue  be  introduced  into  the  body,  as,  for  instance,  a  piece  of  liver 
previously  hardened  in  chromic  acid  solution,  or  a  piece  of  prepared 
catgut  used  to  ligature  a  vessel,  then  the  dead  tissue  is  first  replaced 
by  rudimentary  tissue  and  gradually  shrinks  away.  Again,  if  a 
piece  of  a  tissue  or  organ  dies,  then,  if  severe  inflammation  is  kept  off, 
it  is  replaced  by  rudimentary  tissue  and  absorbed.  In  fractures  of  bones 
it  often  happens  that  a  piece  is  entirely  separated  and  dies.  Such  a 
piece  of  bone  may  lie  exposed  in  the  wound  in  a  compound  fracture, 
and  it  has  frequently  been  seen  how  it  has  been  eaten  into  by  the 
gi-anulations  and  absorbed  by  them. 

The  encapsuling  of  foreign  bodies  is  frequently  seen.  A  parasite 
such  as  the  trichina  or  echinococcus  obtains  a  connective-tissue  capsule. 
Dead  material  in  the  body  which  is  not  permeable  by  the  granulations 
is  similarly  treated,  such  as  dried-in  inflammatory  products,  which 
have  formed  first  a  caseous  and  then  a  calcareous  mass.  We  frequently 
find  such  calcareous  material  surrounded  by  a  fibrous  capsule  in  the 
lungs  and  elsewhere. 

Attempts  have  been  made  to  limit  the  use  of  the  term  Inflammation  to  the 
phenomena  described  as  those  of  the  earlier  periods,  and  which  are  concerned 
especially  w,  h  the  vessels  and  their  contents.    The  new-formation  of  tissue  is 

w  thonT  "  it  often  occurs 

edtd  W  ■  P^;?^°°^e"-  °f  acute  inflammation.  Whilst  it  may  be  acknow- 
edged  that  mcrease  of  connective  tissue  may  occur  as  a  consequence  of  atrophy  of 

IddedTat  ^■ir'^'T;  ''^'''''^"^^  °^  inflammation,  yet  it  mus[  be 

much  o^i'  r^^'l^  the  etiological  factor  in  our  definition  of  inflammation, 
Trd  narv  .t!n  "^^''^'^  -  inflammatory.    Taking  inflammation  as  the 

he  tis Is  w       T  °^  ^g^"ts  which  directly  damage 

at  it  onset'  I  Z  ".t''  -  ^  P-^-^^^  -"on,  slight 

Its  onset,  as  well  as  those  m  which  the  onset  is  abrupt  and  the  influence  severe 
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Moreover,  if  we  are  to  separate  as  non-inflammatory  the  processes  which  are 
reparatory,  then  this  principle  must  be  appHed  to  all  stages  of  the  process.  It  will 
be  found  impossible,  in  regard  to  such  typically  inflammatory  phenomena  as  active 
congestion  and  exudation,  to  say  to  what  extent  restorative  processes  are  involved, 
as,  for  example,  in  the  emigration  of  leucocytes.  Discussion  has  mainly  arisen  on 
the  question  of  the  so-called  chronic  interstitial  inflammations  of  the  liver  and 
kidney,  and  the  decision  has  been  made  to  hinge  on  the  question  whether 
degeneration  of  the  parenchymatous  tissue  precedes  the  new-formation  of  con- 
nective tissue  or  not.  To  the  author  it  appears  that  this  is  a  wrong  issue.  The 
question  is  rather,  whether  or  not  the  diseases  are  due  to  chronic  irritation  of  these 
organs  by  noxious  agents.  If  the  irritant  act  characteristically  on  both  tissues,  or 
if  it  act  primarily  on  one,  it  is  none  the  less  inflammatory.  The  author  decidedly 
inclines  to  the  view  that  cirrhosis  of  the  liver,  which  occurs  in  a  form  characterized 
by  great  and  evidently  primary  new-formation  of  connective  tissue,  is  inflammatory, 
and  he  has  come  to  the  same  conclusion  as  to  the  corresponding  disease  of  the 
kidney. 

v.— THE  ISSUES  OF  INFLAMMATION. 

The  manner  in  which  inflammations  conduct  themselves  till  their 
conclusion,  and  the  results  which  remain,  have,  to  a  large  extent,  heen 
explained  in  what  has  gone  before.  We  have  here  briefly  to  gather  up 
the  facts  and  bring  them  into  relation. 

1.  Resolution,  or  Restitutio  ad  integrum. — These  terms  are  applied 
to  the  subsidence  of  the  inflammation  and  a  restoration  of  the  parts  to 
their  previous  normal  condition.  This  can  scarcely  take  place  except 
in  acute  and  transient  inflammations,  as  the  occurrence  of  new-forma- 
tion constitutes  a  more  or  less  permanent  lesion.  In  the  case  of  acute 
inflammations,  when  the  irritant  ceases  to  act,  the  phenomena,  so  far  as 
the  blood-vessels  are  concerned,  will  soon  cease,  and  there  will  remain 
to  be  dealt  with  the  exudation  and  the  alteration  of  the  tissues.  The 
exudation,  so  far  as  it  consists  of  serous  fluid  and  leucocytes,  is,  as  a 
rule,  readily  absorbed.  It  is  generally  situated  so  as  to  be  in  im- 
mediate communication  with  the  lymphatics,  and  the  leucocytes,  by 
their  own  movement,  may  pass  into  these.  "Where  absorption  is  not  so 
readily  effected,  the  cells  frequently  undergo  fatty  degeneration ;  and 
this  applies  to  other  cells  which  may  be  in  the  exudation  besides 
leucocytes.  Cells  which  have  undergone  fatty  degeneration  readily 
disintegrate,  and  the  resulting  fatty  matter  is  absorbed.  In  like 
manner,  the  fibrinous  exudation  may  undergo  disintegration,  and  be 
absorbed  or  discharged. 

2.  Adhesion  of  inflamed  surfaces  is  a  frequent  result  of  new- 
formation.  In  the  case  of  the  granulating  wound,  if  two  granulating 
surfaces,  such  as  the  flaps  of  a  stump,  be  brought  together,  they 
coalesce,  and  the  two  layers  ultimately  form  a  single  bond  of  union, 
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the  cicatrix.  There  may  be, '  in  some  cases,  a  regeneration  of  tissue 
which  may  have  been  lost,  but  this  is  generally  imperfect.  (See  under 
Regeneration.)  Adhesion  occurs  in  other  cases  as  well.  The  inflamed 
surfaces  of  pleura,  pericardium,  peritoneum,  etc.,  commonly  coalesce 
and  form  permanent  adhesions,  composed  of  connective  tissue.  By 
means  of  these  adhesions  the  blood-vessels  of  the  two  surfaces  com- 
municate, and  the  adhesion  is  a  permanent  one,  the  cavity  being 
obliterated  so  far  as  adhesion  has  occurred. 

3.  Induration  is  a  frequent  result  when  the  connective  tissue  of  an 
organ  or  a  considerable  portion  of  tissue  is  affected  by  chronic  inflam- 
mation. The  new-formed  connective  tissue,  like  that  of  the  cicatrix, 
is  dense,  and  tends  to  shrink.  Hence  the  structures  are  rendered 
more  dense  and  processes  result  which  are  sometimes  designated  by  the 
term  Sclerosis. 

4.  Necrosis,  or  death  of  tissue,  is  a  frequent  issue  of  acute  inflamma- 
tion. The  dead  tissue  may  be  absorbed  in  the  manner  already  referred 
to,  or  it  may  be  discharged  as  a  slough. 

VI. -SYSTEMIC  CHANGES  RESULTING  PROM  INFLAMMATION. 

We  have  hitherto  dealt  mainly  with  the  local  changes  in  inflamma- 
tion. There  are,  however,  associated  changes  in  the  general  system 
which  here  must  receive  notice.  Of  these  the  changes  in  the  cir- 
culating blood  are  the  most  important.  It  will  suffice  for  the  present 
to  note  the  changes  in  the  blood  generally  and  those  concerning  the 
leucocytes  particularly.  In  extensive  acute  inflammations,  owing  to 
loss  of  fluid  by  exudation  the  blood  becomes  inspissated  and  its 
specific  gravity  is  increased.  Sherrington  has  shown  experimentally 
that  this  alteration  may  persist  for  more  than  sixty  hours  after  the 
infliction  of  the  injury.  Within  recent  times  much  attention  has  been 
directed  to  the  leucocytes  present  in  the  blood  in  inflammatory  con- 
ditions. In  some,  if  not  in  most  inflammations,  there  is  a  marked 
increase  in  the  number  of  leucocytes  present  in  the  circulating  blood— 
a  Leucocytosis.  This  may  be  preceded  by  an  actual  diminution  in 
their  number— a  Leucopenia,  as  it  is  called.  This  subject  will  be 
more  fully  considered  later  on.    (See  under  Blood.) 

VII. -TERMINOLOGY  OF  INFLAMMATION. 
We  have  had  occasion  already  to  notice  that  the  various  phenomena 
ot  inflammation  are  not  always  present  in  every  case,  and  one  or  other 
oi  theni  may  be  so  pronounced  as  to  give  its  character  to  the  inflamma- 
lon.    Hence,  names  have  been  given  according  as  the  inflammation 
Shows  certain  special  characters. 
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Ill  the  various  forms  of  inflammation  now  to  be  mentioned,  it  is  not 
to  be  supposed  that  a  classification  of  inflammations  is  attempted. 
These  are  merely  names  in  current  use  which  call  for  explanation. 

1.  Parenchymatous  inflammation  is  a  term  introduced  by  Virchow 
to  indicate  that  the  inflammation  affects  mainly  the  proper  tissue 
elements.  It  is  characterized  chiefly  by  cloudy  swelling  and  fatty 
degeneration  of  the  structures. 

2.  Interstitial  inflammation  is  almost  the  converse  of  tjiat  just 
mentioned.  In  it  the  inflammation  affects  chiefly  the  connective 
tissue,  which  forms  the  supporting  stroma  of  organs.  In  acute 
inflammations  there  will  be  an  infiltration  of  the  connective  tissue 
with  leucocytes,  and  in  some  cases  this  may  be  so  intense  as  to  give 
rise  to  infiltration  of  pus.  In  chronic  inflammations  there  will  be  new- 
formation  of  tissue,  usually  resulting  in  induration.  A  frequent  conse- 
quence of  chronic  interstitial  inflammation  is  atrophy  of  the  proper 
parenchyma  of  the  organ,  produced  by  the  shrinking  of  the  connective 
tissue,  but  also  partly  by  the  action  of  the  irritant  on  the  parenchy- 
matous structures. 

3.  Suppurative  inflammation. — From  Avhat  has  gone  before  it  mil 
appear  that,  for  the  most  part,  it  is  in  intense  inflammations  produced 
by  virulent  microbes  that  suppuration  occurs.  Phlegmonous  inflam- 
mation is  a  name  given  to  very  acute  inflammations  accompanied  by 
suppuration  and  necrosis.  It  is  usually  applied  to  inflammations  of 
that  character  in  the  skin  and  subcutaneous  tissue,  of  which  erysipelas 
affords  the  best  example. 

4.  Infective  inflammation  implies  the  presence  of  microbes,  which 
by  their  multiplication  produce  an  extension  of  the  inflammation  from 
its  original  seat.  The  infection  usually  extends  locally  by  means  of 
the  serous  spaces  and  lymphatics  (as  in  erysipelas),  or  it  may  be 
carried  by  the  blood  to  distant  parts,  and  produce  inflammations  by 
metastasis.  (See  under  Infective  Embolism.)  The  infective  inflam- 
mations are  mostly  suppurative. 

5.  Ulcerative  inflammation,  Ulceration. — These  terms  imply  necrosis 
or  loss  of  tissue,  generally  of  a  progressive  character.  The  loss  of 
tissue  may  be  rapid,  and  involve  the  formation  of  visible  sloughs,  or 
it  may  be  gradual,  a  molecular  necrosis,  the  dead  particles  being 
absorbed  or  removed  in  the  exudation.  These  results  are  produced 
by  very  intense  irritants,  and  the  inflammations  are  usually  of  an 
infective  and  suppurative  character.  While  ulceration  expresses  the 
process  of  progressive  destruction  of  tissue,  the  ulcer  is  the  open  exposed 
gap  in  the  tissue.  If  the  ulceration  pauses,  then  the  ulcer  becomes 
covered  with  granulations  and  is  converted  into  a  granulating  Avound. 
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INFECTION  AND  INFECTIVE  DISEASES. 

I.  General  facts  with  regard  to  Infection,  Infective  and  Infectious  diseases,  (a) 

Local  infection,  (b)  General  toxic  effects,  (e)  Infection  of  the  blood.  II. 
Susceptibility  to  infection.  Immunity.  (1)  Natural  Immunity.  (2)  Acquired 
Immunity.  (3)  Artificial  Immunity,  (a)  Active.  (6)  Passive.  (4)  Toxins 
and  Antitoxins.  (5)  Theories  of  Immunity.  (6)  Duration  of  Acquired  and 
Artificial  Immunity.  III.  Infective  diseases,  i.  Septic  Infection.  Definition. 
Mode  of  induction.  Suppuration.  Purulent  infiltration.  Abscess.  Septic 
infection  of  cutaneous  and  mucous  surfaces.  Septic  infection  in  serous 
cavities.  General  symptoms  resulting  from  septic  infection.  The  pyogenic 
microbes,  ii.  Acute  Specific  Diseases,  a.  Diseases  of  uncertain  microbic 
origin— Acute  specific  fevers  mainly.— Small-pox,  Chicken-pox,  Scarlet  fever, 
Measles,  German  Measles,  Typhus  fever.  Yellow  fever,  Whooping  Cough, 
Mumps,  Rheumatic  fever,  Dengue,  etc.  B.  Diseases  of  certain  microbic 
origin.  Erysipelas,  Influenza,*Plague,  Malta  fever.  Anthrax  and  Symptomatic 
Anthrax.  Malignant  Oedema.  Relapsing  fever  and  many  others  referred  to 
in  special  part  of  work.  iii.  Infective  Tumours.  Specific  New-formations. 
New-formations  due  to  specific  morbid  poisons,  which  in  most  have  been 
determined,  i.  Sjrpliilis. — The  primary  lesion,  or  Hunterian  chancre  ;  affec- 
tion of  lymphatic  glands.  The  secondary  lesion,  the  virus  in  the  blood. 
The  tertiary  lesion,  gummata ;  amyloid  disease ;  affection  of  arteries. 
Hereditary  and  congenital  syphilis.  ii.  Tuberculosis. — Causation,  the 
bacillus  ;  tuberculosis  by  inoculation  ;  contagiousness  ;  inheritance.  Char- 
acter of  the  lesion,  the  miliary  tubercle ;  how  produced  ;  caseous  necrosis ; 
fibrous  transformation  ;  softening  and  ulceration.  Local  tuberculosis  ;  mode 
of  access  of  bacillus ;  extension  of  local  process,  by  lymphatics  and  along 
surfaces  ;  effects  of  local  tuberculosis,  emaciation,  fever,  etc.  General  tuber- 
culosis, or  acute  miliary  tuberculosis.  Tuberculosis  in  animals,  iii.  Leprosy : 
the  bacillus  ;  character  of  lesions  in  tubercular  and  anesthetic  forms,  rv. 
Elephantiasis ;  causation  from  unknown  morbid  poison  ;  character  of  lesion. 
V.  Glanders  ;  causation  and  character  of  lesion,  vi.  Actinomycosis.  Madura 
disease  ;  causation  ;  character  of  lesions  and  locality,  vii.  Hodgldn's  disease  ; 
character  of  lesion.  Framboesia.  Granuloma  Fungoides  (see  under  Diseases 
of  Skin). 

I.— GENERAL  FACTS  OF  INFECTION. 

TNFECTION  is  a  general  term  used  to  designate  the  production  of 
disease  by  agents  which,  penetrating  into  the  body  from  without, 
multiply  in  the  body,  spreading  either  locally,  or  by  means  of  the  blood, 
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to  the  tissues  generally.  Such  infective  agents  have  been  proved  in 
many  cases  to  be  minute  parasites  belonging  to  the  vegetable  or  animal 
kingdom,  and  it  is  generally  believed  that  it  is  so  in  all.  Infective 
diseases  are  such  as  have  the  character  of  infection,  and  the  term  must 
be  distinguished  from  infectious  diseases,  as  the  latter  conveys  the 
idea  of  direct  communication  of  the  disease  from  a  person  or  animal 
already  infected,  whereas  infective  diseases,  whilst  including  infectious, 
also  cover  such  as  may  be  derived  from  without,  without  the 
intermediation  of  a  living  infected  person.  Thus  septic  processes, 
malarial  fevers,  etc.,  are  infective  but  not  infectious.  Contagious  has 
a  similar  meaning  to  infectious,  but  implies  an  even  more  immediate 
contact  by  means  of  which  the  infection  is  conveyed. 

The  infective  agents  in  so  far  as  they  have  been  determined  belong 
to  the  lower  members  of  the  vegetable  and  animal  kingdoms,  the 
adjective  pathogenic  being  applied  to  such  members  of  these  classes 
as  are  capable  of  infecting  the  bodies  of  animals  and  producing 
disease.  The  specific  forms  of  parasites  are  described  further  on,  but 
it  may  be  noted  here  that,  with  the  exception  of  a  few  unimportant 
fungi,  they  all  belong  to  the  microscopic  forms  of  the  vegetable 
kingdom  which  are  generally  called  Bacteria,  or  to  microscopic  forms 
of  the  animal  kingdom  belonging  to  the  Protozoa.  As  both  forms  are 
microscopic  the  general  term  Microbes  may  be  applied,  and  Patho- 
genic Microbes  will  include  the  greater  part  of  the  known  infective 
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The  infective  agents  produce  their  effects  by  means  of  poisons  or 
toxins.  Probably  in  all  cases  the  poisons  evolved  by  the  microbes 
produce  effects  on  the  structures  immediately  in  contact  with  them, 
but  in  almost  all  cases  the  toxins  do  not  limit  themselves  to  this 
local  action,  but  pass  into  the  blood,  and  there  are  some  forms 
of  disease  in  which  the  microbe  propagates  in  the  blood  itself  and 
the  toxins  are  primarily  formed  there.  We  recognize,  therefore,  a 
local  and  a  general  action,  and  where  these  co-exist  in  the  same  form  of 
disease  they  may  be  of  varying  intensity  in  relation  to  one  another. 
In  these  respects  we  are  able  to  recognize  several  different  categories. 

(a)  Local  Infection.— The  most  important  local  effects  are  inflamma- 
tion, sometimes  associated  with  necrosis.  That  is  to  say,  the  toxin 
may  kill  the  tissue;  but  short  of  that,  and,  it  may  be,  around  the 
dead  structure,  there  is  inflammation.  In  almost  all  cases  the  toxins, 
although  their  action  may  be  mainly  local,  are  to  some  extent  diffused 
outwards,  and  pass  into  the  blood  so  as  to  produce  general  effects. 

{b)  General  toxic  effects.— The  toxins,  as  just  noted,  are  liable  to 
pass  from  the  infected  locality,  and  produce  general  effects  by  enteri 
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the  blood.  It  is  here  a  question  not  of  microbes  passing  into  the 
blood,  but  of  their  toxic  products;  it  is  a  poisoning  of  the  blood, 
not  an  infection. 

The  general  toxic  effects  vary  according  to  the  nature  of  the  poison. 
In  most  cases  fever  is  produced,  as  in  tuberculosis,  septic  infection, 
diphtheria,  etc.  In  others  there  are  more  specific  effects,  such  as 
muscular  spasms  in  tetanus  and  hydrophobia,  soporific  conditions  in 
cholera,  etc. 

In  some  forms  the  poison  given  off"  is  of  extraordinary  intensity,  and 
the  disease  is  dangerous  to  life  chiefly  or  entirely  from  the  general 
toxic  action.  The  most  striking  example  of  this  is  tetanus,  where  the 
microbe  propagates  locally  with  quite  insignificant  effects,  but  gives  off' 
a  toxin  of  almost  incredible  virulence.  Another  instance  is  afforded 
by  diphtheria,  in  which,  although  there  are  important  local  phenomena, 
the  general  toxic  influence  is  especially  dangerous.  Diseases  in  which, 
as  in  tetanus  and  diphtheria,  there  is  a  specific  general  poisoning  are 
sometimes  called  toxic  diseases.  In  these  and  other  cases  the  toxins 
may  be  elaborated  by  the  agents  when  growing  in  artificial  cultures, 
and  the  general  symptoms  of  the  disease  may  be  produced  by  the 
introduction  of  the  toxins  separated  from  the  microbes  by  filtration 
or  otherwise. 

As  will  be  pointed  out,  auto-intoxication  may  result  from  the  absorp- 
tion of  poisons  from  agents  which  are  not  properly  infective.  Putrid 
matters  after  separation  of  the  microbes  causing  putrescence  produce 
symptoms  when  injected  into  the  bodies  of  animals.  Foods  which  have 
undergone  certain  fermentative  changes  of  unknown  character  may 
acquire  poisonous  properties,  and  their  decomposition  in  the  intestinal 
canal  may  evolve  products  whose  absorption  produces  symptoms. 

(c)  Infection  of  the  blood.  Septicaemia  and  Pyaemia. — In  contrast 
with  the  conditions  mentioned  above,  in  which  only  the  products  of 
the  infective  agents  pass  into  the  blood,  we  have  cases  in  which  the 
agents  themselves  propagate  in  the  blood.  To  this  class  of  diseases, 
characterized  by  blood-infection  in  addition  to  a  poisoning  of  the  blood 
by  toxins  (toxaemia),  the  terms  Septicaemia  and  Pyaemia  are  applied. 
The  former  term  indicates  a  condition  in  which  the  blood  is  in^^aded  by 
organisms  which  propagate  actively  within  it,  but  which  is  unaccom- 
panied by  suppurative  manifestations  in  the  various  organs.  Such  a 
condition  is  well  exemplified  in  guinea  pigs  which  have  been  inoculated 
with  anthrax,  or  in  the  naturally  occurring  disease  ("  Splenic  Fever  "), 
in  other  animals. 

In  pyaemia,  on  the  other  hand,  the  presence  of  organisms  in  the 
circulating  Ijlood  is  necessarily  accompanied  by  local  suppurative  effects 
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ill  the  form  of  metastatic  abscesses.  It  will  be  apparent  that,  in  the 
latter  condition,  the  presence  in  the  blood  of  pyogenic  organisms  is 
implied. 


II.— SUSCEPTIBILITY  TO  INFECTION.  IMMUNITY. 

The  introduction  of  infective  agents  or  their  toxins  into  animals  is 
by  no  means  followed  by  the  same  results  in  all  cases,  and  we  are  thus 
met  with  the  fact  of  varying  susceptibility  amongst  animals.    We  are 
able  to  recognize  several  kinds  of  variation  in  this  respect.  Animals 
by  their  inherited  constitution  present  various  degrees  of  susceptibility. 
Some  are  naturally  insusceptible  to  certain  microbes  or  their  toxins. 
Hence  we  speak  of  Natural  Immunity  {Innate  Immunity).    Then  it  is 
well  known  that  in  many  cases  when  an  animal  has  passed  through 
a  smgle  attack  of  an  infective  disease  it  is  rendered  more  or  less 
insusceptible  of  a  second  attack.    The  immunity  thus  conferred  is 
spoken  of  as  Acquired  Immunity.    Again,  by  certain  experimental 
methods  of  procedure  an  animal  may  be  rendered  insusceptible  in 
various  degi-ees.    This  constitutes  Artificial  Immunity.    The  terms 
immunity  and  immune  are  used  as  equivalent  to  insusceptibility  and 
msusceptible,  and  are  employed  in  relation  to  a  given  disease  or 
microbe  or  toxin.    Further,  they  are  used  as  relative  and  not  as 
absolute  terms. 

1.  Natural  Immunity.-This  subject  has  been  sufficiently  illustrated 
at  pp.  21  and  22,  .where  it  is  pointed  out  that,  as  a  part  of  the  generic 
specific,  racial,  and  individual  characters,  there  are  great  differences' 
in  the  reception  which  the  pathogenic  agents  receive  from  different 
animals.  Indeed,  the  designation  pathogenic  is  to  be  used  relatively 
to  particular  animals.  A  microbe  is  pathogenic  in  some  animals  and 
non-pathogenic  m  others,  or,  in  other  words,  some  animals  are 
susceptible  to  a  particular  infection  and  others  are  immune 

No  clear  explanation  of  this  fact  is,  as  yet,  forthcoming,  but  it  is 

which  are  effectual  in  producing  artificial  immunity 

2  Acquired  Immunity.-It  is  well  known  that  in  the  case  of  some 
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its  products,  and  is  probably  the  same  as  in  the  case  of  artificial 
immunity. 

3.  Artificial  Immunity. — Different  terms  are  employed  to  designate 
the  manner  in  which  immunity  is  brought  about  artificially.  If  it  is 
produced  directly  it  is  spoken  of  as  active  immunity,  if  indirectly,  as 
passive  immunity. 

Active  Immunity. — This  is  produced  by  the  direct  introduction 
into  an  animal  of  a  microlje  or  its  toxin.  The  living  microbe  may  be 
used  in  its  virulent  form  in  small  doses,  or  its  virulence  may  be 
tempered  or  attenuated,  as  it  is  called,  in  various  ways,  such  as  by 
exposing  the  cultures  to  a  slightly  higher  or  lower  temperature  than 
suits  their  habit,  as  in  the  case  of  the  anthrax  bacillus ;  by  cultivating 
for  a  prolonged  time  on  artificial  media ;  by  passing  the  microbes 
through  the  body  of  another  animal ;  by  adding  certain  chemical 
substances  to  the  cultures,  etc.  These  attenuated  cultures  are  spoken 
of  as  Vaccines.  By  various  modifications  of  the  above-mentioned 
methods  vaccines  have  been  prepared  of  a  number  of  diseases,  of  which 
the  principal  are  cholera  (Haffkine),  anthrax,  fowl  cholera,  hog 
erysipelas,  symptomatic  anthrax,  and  rabies. 

It  will  be  readily  surmised  that  these  comparatively  recent  methods 
devised  to  bring  about  active  immunity  haA^e  been  suggested  by 
vaccination.  By  vaccination  immunity  to  small-pox  is  induced  by 
the  introduction  of  the  virus  of  a  disease  which  is  either  an  allied 
condition  or  a  weakened  form  of  the  disease  against  which  protection 
is  sought. 

Passive  Immunity. — Here  as  we  have  seen  immuuitj^  is  indirectly 
affected.  The  serum  of  an  animal  which  has  been  rendered  highly 
immune,  by  the  methods  employed  in  producing  active  immunity, 
is  taken  and  injected  into  the  body  of  another  animal.  The  serum 
which  is  selected  may  be  the  serum  of  an  animal  immune  to  a  certain 
toxin  (antitoxic  serum)  or  to  a  special  active  and  virulent  microbe 
(antimicrobic  or  antibacterial  serum).  The  result  is  that  immunity 
to  the  particular  form  of  infection  is  conferred.  It  has  been  further 
shown  that  the  serum  added  to  the  toxins  produced  by  artificial 
cultures  renders  these  toxins  innocuoxis  when  iiijected  into  animals. 
These  facts,  which  were  established  by  Behring  and  Kitasato  in  the 
case  of  tetanus  and  diphtheria,  imply  that  in  the  immunized  animal 
a  substance  is  produced  which  antagonizes  the  toxin,  and  is  therefore 
called  antitoxin.  There  have  been  established  on  this  basis  methods 
of  diagnosis  and  treatment  full  of  promise,  to  which  the  terms  Serum- 
dlagnosis  and  Serum-therapy  arc  given.  The  extraordinary  activity 
of  the  antitoxin  in  controlling  the  deadly  toxin  of  tetanus  may  be 
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estimated  from  the  following  facts.  Taking  an  exceedingly  active 
tetanus  toxin,  Eoux  added  to  it  a  quantity  of  serum  from  an 
immunized  animal,  equal  to  part  of  the  toxin  solution.  A  half 
cubic  centimetre  of  the  mixture  containing  an  otherwise  fatal  dose 
of  the  toxin  was  inoculated  in  a  guinea-pig,  but  the  animal  remained 
unaffected.  The  activity  of  the  antitoxin  is  indicated  by  the  fact  that 
the  amount  of  serum  used  was  only  the  eighteen-hundreth  part  of  a 
cubic  centimetre. 

The  efficiency  of  the  antitoxins  of  tetanus  and  diphtheria,  either 
when  applied  to  the  toxins  directly  or  injected  into  the  animal  at 
the  same  time  as  the  toxins,  is  unequivocal.     In  the  case  of  the 
respective  diseases  the  success  of  treatment  will  depend  on  whether 
the  antitoxin  is  administered  in  time  to  prevent  the  fatal  action  of 
the  toxin.    Observations  seem  to  show  that  this  can  seldom  be  done 
in  tetanus,  as  the  disease  has  no  local  manifestations,  and  the  general 
symptoms  Avhich  proclaim  it  already  imply  the  presence  of  a  general 
toxic  action.     In  diphtheria,  however,  the  local  manifestations  are 
distnict,  and  there  is  usually  time,  if  these  are  recognized  soon  enough, 
to  anticipate  the  general  toxic  effects  by  injection  of  the  serum. 
Hence  the  so-called  Serum-therapy  is  efficient  in  diphtheria  but  not  in 
tetanus.    In  regard  to  other  diseases  progress  on  similar  lines  is  being 
made.    There  are,  further,  evidences  that  in  man  the  serum  of  those 
who  have  passed  through  an  attack  of  diphtheria,  pneumonia,  typhoid 
fever,  and  cholera,  confers  immunity  in  animals  to  the  microbes 
concerned  in  these  diseases.    The  antitoxins  employed  in  diphtheria 
and  tetanus  are  examples  of  antitoxic  sera,  while  those  used  in 
pneumonia,  typhoid  fever,  and  cholera  are  instances  of  antimicrobic 
sera.    The  antistreptococcic  serum  of  Marmorek  belongs  also  to  the 
latter  class. 

4.  Toxins  and  Antitoxins.-With  regard  to  the  precise  nature  of 
these  bodies  much  has  still  to  be  discovered.  Toxins,  chemically  are 
generally  classed  with  the  albumoses,  while  antitoxins  are  probably 
complex  albuminoid  bodies,  which  have  been  placed  by  some  in  the 
class  of  globuhns.  The  toxin,  as  we  have  seen,  is  elaborated  by  the 
aerobes ;  the  antitoxin  is  formed  within  the  livirig  cells  of  the  body 
When  these  two  bodies  are  brought  into  contact  the  result  is  the 
produc  ion  of  a  compound  inert  towards  the  living  tissues.  A  union 
^  kes  place  between  the  bodies,  and  all  recent  evidence  points  to  this 
n  on  being  in  most  cases  of  a  chemical  nature,  and  not,  as  was  at 
n  utr!r  '  The  toxin,  in  other  words,  is 

n  ceLt      1  ^  '  ^^^^m^-rs,   but  the   toxin   is  not 

necessanly  destroyed.     In  the  case   of  diphtheria   the  antitoxin 
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which  is  employed  therapeutically,  unites  with  the  toxin  of  the 
diphtheria  bacillus  circulating  in  the  blood,  and  thus  prevents  the 
latter  from  entering  into  combination  with  the  tissues  and  exercis- 
ing its  toxic  effects  upon  them.  The  intimate  nature  of  antitoxic 
action  is  one  of  the  most  complicated  problems  in  pathology,  and 
although  a  flood  of  light  has  recently  been  shed  upon  it  by  Ehrlich 
and  others,  the  problem  still  remains  most  complex. 

5.  Theories  of  Immunity. — For  a  full  discussion  of  the  various 
theories  which  have  been  advanced  to  explain  the  nature  of  immunity, 
the  student  is  referred  to  the  more  recent  bacteriological  text-books. 
Here  only  two  of  the  more  important  and  recent  need  be  noticed, 
without  any  attempt  being  made  to  deal  with  either  fully.  In  some 
of  the  theories  advanced  special  stress  is  laid  on  the  blood-serum ;  in 
others  on  the  cells  of  the  tissues.  The  "  humoral  "  theory  is  especially 
associated  with  the  names  of  Nuttall,  Behring  and  Buchner.  These 
observers  hold  that  the  serum  exercises  a  bactericidal  effect,  or 
renders  the  toxins  of  the  microbes  inert.  This  property  of  the  blood- 
serum  resides,  according  to  Buchner,  in  certain  chemical  bodies  called 
alexins.  It  is  evident,  however,  that  these  bodies  in  the  serum  must 
be  the  product  of  the  activity  of  the  cells,  and  that  it  is  to  the  cells 
that  we  have  to  look  for  an  explanation.  The  part  played  by  the  cells 
is  specially  emphasized  by  Metschrdkoflf  in  his  theory  of  phagocytosis. 

Phagocytosis  is  a  direct  cellular  action,  and  it  is  at  least  one  of  the 
modes  in  which  the  cells  deal  with  the  infective  agents.  Metschnikoff's 
first  observations  were  made  on  a  fungous  disease  of  the  water-flea  or 
daphne,  in  which  spores  are  visible  in  the  transparent  body  of  the  animal. 
He  found  that  when  the  spores  were  present  in  small  numbers  the 
amoeboid  leucocytes,  collecting  around  them,  took  them  into  their 
substance,  destroyed  their  power  of  germination,  and  finally  dis- 
integrated them,  while  if  many  spores  were  pi'csent,  some  of  them, 
which  were  not  taken  up  by  the  leucocytes,  germinated  and  grew 
through  the  body.  Thus  it  appeared  that  the  active  cells  of  the 
animal  have  the  power  of  attacking,  and  in  some  cases  englobing,  the 
intruding  organisms,  which  are  afterwards  disposed  of  hy  a  process 
of  digestion. 

In  the  further  development  of  this  doctrine  Metschnikoft"  recognized 
a  difference  between  the  leucocytes  and  the  fixed  cells  of  the  tissues. 
Both  may  become  amoeboid  and  both  have  the  power  of  taking  up 
solid  particles  and  digesting  them.  In  vicAV  of  this  power  he  names 
them  Phagocytes  {4>ayeiv  =  to  devour).  These  two  forms  of  cells 
present  different  reactions  to  the  various  infective  agents,  and  for  the 
sake  of  distinction  the  polymorphonuclear  leucocytes  are  called  Micro- 
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phags,  and  the  cells  derived  from  the  fixed  cells  of  the  tissues,  which 
are  larger  and  have  large  oval  nuclei,  are  Macrophags.  In  all  diseases 
of  this  class  there  is  liable  to  be  a  struggle  between  the  infective  agents 
and  the  phagocytes,  whether  microphags  or  macrophags. 

This  process  of  phagocytosis  undoubtedly  proceeds  with  more  or  less 
success  in  many  infective  diseases.  In  erysipelas  the  microbe  produces 
a  severe  inflammation,  and  the  leucocytes  englobe  the  bacteria  and 
dispose  of  them.  The  anthrax  bacillus,  introduced  into  the  frog,  which 
is  immune  to  this  form,  is  taken  up  by  the  leucocytes,  so  that  in  a  few 
hours  none  are  free.  The  leucocytes  convey  the  microbes  to  the  liver 
and  spleen,  where  they  are  disposed  of  within  the  cells,  presenting 
various  stages  of  degeneration.  In  other  animals  the  number  of  bacilli 
undergoing  disintegration  in  the  spleen  is  in  inverse  proportion  to  the 
susceptibility  of  the  animal  to  anthrax.  Observations  on  relapsing 
fever  and  tuberculosis  seem  to  show  that  immunity  largely  depends  on 
the  power  of  the  living  cells  to  englobe  and  dispose  of  the  pathogenic 
microbes. 

But  this  is  not  necessarily  the  whole  explanation  of  natural  immunity. 
Cells  may  act  in  other  ways  than  by  englobing,  they  may  prevent  the 
entrance  of  microbes.  The  layers  of  cells  at  the  various  surfaces  of 
the  body,  cutaneous  and  mucous,  have  an  important  office  in  prevent- 
ing the  intrusion  of  microbes,  and  immunity  to  various  forms  of 
disease,  such  as  some  manifestations  of  tuberculosis,  has  probably  this 
explanation.  Cellular  activity  is  not  limited  to  the  one  mode  of 
action. 

Within  recent  times  Ehrlich's  side-chain  theory  is  the  theory  which 
has  attracted  most  notice  and  gained  most  adherents,  and  Metschnikofi' 
has  attempted  very  ingeniously,  but  not,  perhaps,  quite  successfully, 
to  brmg  his  own  theory  of  phagocytosis  into  line  with  the  problems 
brought  forward  by  Ehrlich. 

Ehrlich's  Side-chain  Theory.-According  to  Ehrlich,  the  protoplasm 
of  the  cells  of  the  body  may  be  regarded  as  being  built  up  of  highly 
complex  groups,  which  may  be  compared  to  the  radicles  of  an  aromatic 
compound.  There  is  a  more  stable  central  group-corresponding  to 
the  benzene  ring-and  much  less  stable  lateral  groups  or  side-chains. 
These  atter  are  easily  acted  upon  by  various  agents,  and  the  whole 
Hiolecule  IS  thereby  changed.  To  continue  the  chemical  analogy,  the 
hydrocarbon  C^H,  benzene  is  a  very  stable  body.  It  can  only  be 
oroken  up  by  severe  measures,  and  can  be  modified  by  comparatively 
ew  reagents.  Whereas  benzyl  alcohol  C^H^CH^OH  containing  an 
aicohohc  side-chain,  is  easily  acted  on;  it  can  be  readily  oxidized  to 
oenzoic  acid,  or  the  side-chain  may  be  easily  split  off.    When  two  or 
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more  groups  are  present  as  side-chains,  as  for  instance  in  salicyl  alcohol 
CyH4<CQg  Qjj  one  group  is  usually  much  more  easily  affected  than 
the  other.  In  this  case  oxidizing  agents  will  convert  the  alcohol  into 
salicylic  acid  CoH^<qqqjj  ^}}.  The  addition  of  a  solution  of  sodium 
bicarbonate  to  this  will  change  it  to  sodium  salicylate  C6H4'^QQQ-^g^, 

and  a  solution  of  caustic  soda  into  di-sodium  salicylate  C^,H4<Cqqq-j^^. 

Rapid  heating  of  salicylic  acid,  better  with  hydrochloric  acid,  will 
break  off  the  carboxyl  group  and  convert  it  into  phenol  and  cai^bon 
dioxide.  Thus  the  compound  can  be  modified  in  various  ways 
without  affecting  the  benzene  ring  at  all.  AVith  increase  in  the 
number  of  side-chains  and  greater  complexity  of  the  compound  the 
possible  modifications  become  greater  and  the  susceptibility  to  change 
increased.  Alkaloids  and  albuminoid  substances,  for  example,  are 
readily  disorganized. 

Ehrlich's  theory  is  largely  an  adaptation  of  these  chemical  facts. 
Living  protoplasm  is  an  .extremely  complex  substance  and  easily 
modified,  but  Ehrlich  conceives  it  (for  the  purpose  of  explaining- 
certain  pheiiomena)  to  be  made  up  of  a  central  principal  group, 
which  he  terms  Leistungskern,  and  a  number  of  lateral  groups, 
side-chains  or  receptors.  Ehrlich's  groups  must  not  be  confounded 
mth  the  chemical  groups  known  to  exist  in  albumin.  Their  consti- 
tution is  at  present  quite  unknown.  The  receptors  under  ordinary 
circumstances  simply  act  as  carriers  of  food-stuffs  to  the  Leistungskern, 
but  when  confronted  mth  bacterial  toxins  and  the  like,  i.e.  mth  bodies 
allied  to  food-stuffs,  they  are  sometimes  able  to  react  with  these. 

The  toxins  too  he  believes  to  be  made  up  of  at  least  Uyo  groups. 
One,  the  more  stable,  he  calls  the  haptophorus,  another,  less  stable,  the 
toxophorus  group.  When  the  toxin  is  introduced  into  the  body  the 
haptophorous  group  reacts  with  the  receptors  of  the  cellular  protoplasm 
and  unites  the  toxophorous  group  to  the  central  essential  part  of  the 
protoplasm.  A  new  combination  foreign  to  the  life  of  the  cell  is  thus 
produced,  and  this  induces  symptoms  varying  with  the  kind  of  cell 
affected  and  the  kind  of  toxin  used— after  tetano-toxin  tetanus  is 
produced,  and  so  forth.  The  receptors  and  haptophorous  groups  are 
very  necessary  parts  in  the  reaction.  Without  either  of  them  the 
toxophorous  portion  of  the  toxin  could  not  be  combined  with  the 
protoplasm  of  the  cell ;  hence  the  toxin  would  remain  inactive.  This 
is  the  probable  explanation  of  the  non-toxic  action  of  not  a  fe\\'  bacterial 
products.    The  various  groups  are  highly  speciaHzed.    They  can  only 
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interact  with  comparatively  few  other  groups,  some  with  more,  some 
with  less.  A  few  have  a  very  marked  selective  action.  Tetano-toxin, 
foi'  example,  in  guinea-pigs  mainly  reacts  with  certain  groups  found  in 
nerve  cells  or  their  processes.  Ehrlich,  using  a  simile  of  E.  Fischer, 
aptly  compares  the  phenomenon  to  a  key  and  a  lock. 

It  is  further  supposed  that  very  small  doses  of  toxin,  like  most  other 
poisons,  stimulate  the  activity  of  the  cell,  and  this  stimulation  being- 
more  or  less  speciiic  results  in  the  excessive  production  of  receptor 
groups.  On  the  analogy  that  a  benzene  ring  cannot  carry  more  than 
a  certain  number  of  any  one  radicle,  these  groups  are  belieA^ed  to  be 
thrown  off  into  the  blood,  and  in  the  blood  they  combine  with  any 
fiu'ther  doses  of  toxin  administered.  Thus  a  dose  of  toxin  which  would 
previously  have  induced  symptoms  may  now  fail  to  do  so.  Some  of 
the  haptophorous  groups  of  the  toxin  have,  so  to  speak,  been  neutralized 
by  the  cast-oflf  receptors  in  the  blood,  and  are  therefore  not  available  to 
interact  with  the  receptors  of  the  protoplasm.  The  toxophorous  groups, 
as  we  have  seen,  are  innocuous  if  they  cannot  be  combined  through  the 
haptophorous  groups  and  receptors  vnth  the  cellular  protoplasm.  By 
careful  and  increasing  dosage  the  protoplasm  of  the  cell  may  be 
gradually  stimulated  to  form  more  and  more  receptor  groups,  which, 
being  cast  off,  accumulate  in  the  blood  to  such  an  extent  that  after 
some  time  a  dose  of  toxin  hundreds  of  times  greater  than  the  normal 
toxic  dose  may  be  given  with  impunity.  These  cast-off  receptor  groups 
are  known  as  Anti-bodies,  in  this  case  antitoxin ;  we  have  produced  in 
fact  an  antitoxic  serum. 

The  reaction  on  the  part  of  the  cells  is  by  no  means  limited  to  the 
production  of  antitoxic  bodies.  Various  other  anti-bodies  are  known, 
which  according  to  their  mode  of  production  and  effect  are  called 
cytolysins,  agglutinins,  precipitins,  etc.  These  only  produce  their 
specific  effects  in  specific  cases.  The  agglutinin  obtained  by  injections 
of  .  typhoid  bacillus  into  an  animal  will  almost  solely  clump  typhoid 
bacilli.  Of  cytolysins  we  have  hsmatolysin,  hepatolysin,  nephrolysin 
and  many  others,  which  will  only  disintegrate  red  blood-corpuscles, 
hver  cells,  and  kidney  epithelium  respectively.  These  substances  are 
produced  in  much  the  same  way  as  antitoxins,  but  their  mode  of  action 
IS  somewhat  more  complex.  A  third  body  termed  a  Complement 
{alexin,  cytase)  is  necessary,  and  this  seems  to  exist  in  the  cells  of  the 
tissues  along  with  the  central  group  and  receptors.  The  immune  serum, 
obtamed  by  injecting  these  cells  into  another  animal,  simply  acts  as  an 
intermediary  body  or  amboceptor  which  unites  the  complement  to  the 
essential  protoplasm.  It  is  in  fact  simply  the  haptophorous  portion  of 
an  aTiti-l,ody.    The  action  might  be  compared  to  the  effect  of  water  on 


152 


IMMUNITY. 


mustard.  The  glucoside  and  ferment  in  mustard  cannot  react  to  form 
volatile  oil  of  mustard,  until  they  are  dissolved  in  water. 

Besides  bacterio-toxins  there  are  also  bacterio-lysins  and  other  active 
substances,  but  for  further  information  on  this  point,  as  well  as  for  a 
fuller  statement  and  examination  of  this  important  theory  and  its 
bearing  upon  immunity,  the  student  is  referred  to  recent  bacteriological 
text-books  and  to  the  papers  of  Ehrlich,  Welsh,  Muir,  and  Eitchie,  on 
the  subject. 

That  drugs  and  chemical  substances  generally  cannot  produce  anti- 
bodies Ehrlich  explains  by  the  fact  that  these  compounds  do  not  enter 
into  the  intimate  composition  of  the  protoplasm.  Only  food-stuffs 
and  substances  allied  to  food-stuffs  (bacterial  toxins,  etc.)  can  do  this, 
and  hence  these  are  the  only  bodies  which  can  act  as  specific  stimulants 
of  the  Leistungskern  and  induce  the  formation  of  anti-bodies. 

6.  Duration  of  acquired  and  artificial  immunity.  Inheritance. — 
It  is  well  known  that  immunity  acquired  by  passing  through  such  a 
disease  as  scarlet  fever  or  small-pox  persists  for  years,  or  perhaps  during 
the  remainder  of  life.  Immunity  induced  by  vaccination  is  of  the 
same  nature,  but  it  is  presumably  less  complete  and  of  shorter  duration 
than  that  acquired  from  the  disease  itself.  Immunity  induced  by 
antitoxins  is  of  still  shorter  duration.  In  the  former  case  the  liAdug 
cells  are  stimulated  to  produce  antitoxin  sufficient  to  counteract  the 
action  of  the  toxins,  and  this  ability  may  be  persistent.  In  the  latter 
case  the  animal  is  mostly  passive,  and  the  immunity  passes  off  when 
the  antitoxin  introduced  is  exhausted. 

It  is  consistent  with  the  views  stated  above  that  Inheritance  plays  a 
very  small  part  in  artificial  immunity,  whereas  in  natural  immunity  it 
is  an  element  which  has  to  be  taken  into  account.  According  to  the 
views  of  Ehrlich  and  Vaillard,  the  male  has  no  influence  in  transmitting 
acquired  immunity  to  the  offspring.  In  the  case  of  the  female  any 
immunity  conveyed  is  rather  that  of  an  antitoxin  than  of  vaccination, 
and  is  evanescent.  Hence  vaccination  is  necessary  in  the  child,  even 
although  the  parents  may  possess  an  acquired  immunity. 

Literature.— See  fuUy  in  Steenbekg,  Bacteriology,  1892;  Pasteuk,  Numerous 
papers  in  Comptes  rendus;  Eeport  of  Commission  on  Hydrophobia,  Brit.  Med. 
Jour.,  1887;  Koch,  Traum.  Inf.  Dis.,  Syd.  Soc.  transL,  1880;  Behrixo,  Bbiegeu, 
KiTASATO,  Ehelich,  Wassebmann,  Many  papers  in  Deutsch.  med.  Wochenschr. 
and  Zeitschr.  f.  Hygiene;  Metschnikoff,  Virch.  Arch.,  xcvi.,  xcvii.,  cix.,  cxiii., 
Brit.  Med.  Jour.,  1891,  i.,  213.  Annales  de  I'lnstitut  Pasteur,  No.  9,  1894; 
L'immunite  dans  les  Maladies  Infectieuses,  Paris,  1901 ;  Eoux,  Annales  de  I'lnstitut 
Pasteur,  Nos.  9  and  10,  1894;  Hess,  Virch.  Arch.,  cix.,  ex.;  Ehrlich,  Zeitschr. 
f.  Hyg.,  xii.,  1892;  Croonian  Lectures,  Proc.  Eoyal  Soc,  Lond.,  Ixvi.,  424; 
Vaillakd,  Annales  de  I'lnstitut  Pasteur,  x.,  189G ;  Hamilton,  On  Heredity  i.i 
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Disease,  Scot.  Med.  and  Surg.  Jour.,  vi.,  4,  1900;  Woodhead,  etc.,  Discussion  on 
Immunity,  Medico-Chir.  Trans.,  1901;  Muie,  Glas.  Hosp.  Reports,  1899  ;  Muib 
and  EiTCHiE  (with  references),  Man.  of  Bacteriology,  3rd  ed.,  1902;  Aemit,  Brit. 
Med.  Jour.,  i.,  1902;  Welch,  Brit.  Med.  Jour.,  ii.,  1902,  p.  1105. 


III.— INFECTIVE  DISEASES. 

Tlie  diseases  so  termed  have  all,  as  we  have  seen,  the  character  of 
infection  (see  page  142).  The  group  comprises  an  immense  number  of 
widely  differing  affections,  most  of  which  are  more  suitably  treated 
in  the  special  section  of  this  work.  No  attempt  will  here  be  made 
to  give  a  detailed  classification  of  the  various  diseases  included  in 
this  category,  for,  with  regard  to  many  of  them,  our  knowledge  is 
still  so  imperfect  that  their  place  in  any  systematic  classification  can 
only  be  tentatively  held.  For  purposes  of  convenience  we  shall  first 
of  all  consider  septic  infection,  which  may  be  taken  as  the  type  of 
the  diseases  belonging  to  this  class.  A  number  of  acute  specific  dis- 
eases, the  microbic  origin  of  which  is  in  some  cases  proved,  in  others 
mferred,  will  then  be  passed  in  review,  and  under  a  separate  heading  a 
group  of  infective  diseases  in  which  new-formation  is  a  more  or  less 
obvious  feature  (Infective  Tumours)  will  be  dealt  with. 

I.  SEPTIC  INFECTION. 

It  may  be  said  that  the  whole  of  the  modern  activity  in  regard 
to  infection  has  its  foundation  on  septic  infection.  The  terms  sepsis 
and  septic  ((t^tto,  =  I  putrefy)  designate  the  contamination  of  the  animal 
body  with  the  products  and  agents  of  putrefaction.  It  is,  of  course 
with  microbes  that  we  have  here  to  do,  and  more  especially  those 
which,  contaminating  wounds,  are  Uable  to  produce  suppurative  inflam- 
mation. 

The  specific  forms  of  microbes  concerned  in  septic  infection  will  be 
considered  later.  Here  the  processes  which  result  in  the  tissues  will 
be  first  reviewed. 

Septic  infection  is  induced  in  various  ways.  The  microbes  are 
present  in  the  air,  in  water,  and  on  the  cutaneous  and  mucous  surfaces 
ot  the  body.  _  These  surfaces  are  furnished  with  layers  of  cells  which 
prevent  the  intrusion  of  infective  agents,  but  in  the  case  of  wounds, 
they  readily  find  access,  and  they  may  even  without  wounds  be 
yarned  into  njucous  canals  or  cavities  in  which  they  are  not  normally 
present  and  which  have  not  suificient  provision  for  their  extrusion, 
^ms  IS  the  case  with  the  urinary  bladder  for  example.    A  breach  of 
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surface  is  therefore  usually  necessarj^  for  septic  infection,  but  not 
always. 

A  recent  wound  forms  the  most  favourable  opportunity  for  septic 
infection.  The  interstitial  spaces  of  the  body  ai-e  laid  open,  in  the 
recesses  of  which  the  microbes  may  lodge,  and  there  is  no  such  blocking 
of  the  passage  with  new-formed  cells  as  ultimately  occurs.  The  larger 
and  more  intricate  the  spaces  to  which  the  infective  agents  find  access, 
the  more  considerable  and  ineradicable  is  usually  the  infection.  Hence 
a  compound  fracture  in  which  the  tissues  are  usually  torn  in  a  com- 
plicated fashion,  if  it  become  septic,  is  commonly  one  of  the  most 
serious  of  conditions. 

The  most  direct  effect  of  the  septic  invasion  is  acute  inflammation,  in 
which  the  emigration  of  leucocytes  from  the  blood  plays  a  prominent 
part.  Hence  suppuration  is  a  feature  of  most  septic  infections,  and 
may  indeed  be  almost  regarded  as  the  principal  local  effect  and  criterion 
of  such  infection.  Besides  the  inflammation,  which  is  of  greater  or  less 
intensity,  there  is,  in  many  cases,  a  necrosis  of  tissue,  which  takes  the 
form  of  a  gradual  solution  without  the  production  of  considerable 
sloughs.  Taking  the  contamination  of  a  wound,  such  as  a  compound 
fracture  as  an  example,  it  may  be  said  that  the  complicated  cavity 
produced,  being  planted  with  the  septic  microbes,  becomes  the  seat 
of  their  rapid  multiplication.  This  implies  an  abundant  production  of 
their  special  toxins,  which  again  have  their  local  and  general  effects. 
The  local  effect  is  an  acute  inflammation,  suppurative  in  character. 
Under  the  influence  of  pressure  or  gravitation  the  pus,  containing  the 
septic  agents,  is  liable  to  filter  into  the  spaces  in  the  loose  connective 
tissue  which  forms  the  sheaths  of  muscles  and  the  subcutaneous  tissue. 
The  suppuration  extends  to  these  spaces,  and,  as  the  dividing  septa 
undergo  solution,  larger  spaces  or  cavities  are  formed.  It  is  thus  that 
Purulent  Infiltration  may  lead  the  way  to  the  formation  of  Abscess. 
In  other  situations  abscess  may  occur,  as  in  the  midst  of  an  organ  such 
as  the  brain,  liver,  or  kidney.  A  gradual  necrosis  and  accumulation  of 
pus  takes  place,  the  septic  agent  having  been  implanted  and  undergoing 
multiplication  in  situ.  It  is  consistent  with  what  has  been  already  noted 
in  regard  to  inflammation  that  the  tissues  around  the  inflamed  centre 
show  active  new-formation,  chiefly  by  division  of  the  fixed  cells  of  the 
connective  tissue.  Hence  a  layer  of  granulation  tissue  mostly  forms 
around  the  abscess.  This  layer  of  cells  was  under  a  mistaken  idea, 
called  the  pyogenic  membrane,  as  if  it  were  the  means  of  secreting 
pus.  No  doubt  leucocytes  exude  from  its  vessels  as  from  those  of  the 
tissues  around  so  far  as  they  have  been  aflected  l)y  the  toxin,,  but 
the  cellular  layer  is  really  a  barrier  to  the  extension  of  the  process, 
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controlling  the  penetration  of  the  microbes,  and  shutting  off  communi- 
cating passages  in  the  connective  tissue  around.  An  abscess  which  Tias 
acquired  a  complete  cellular  membrane  is  thus  more  under  control  than 
one  in  which  purulent  infiltration  is  still  possible. 

Septic  infection  of  serous  cavities  or  of  surfaces  other  than  mucous 
has  a  somewhat  different  course  to  that  described  above.  The  septic 
agent  may  reach  the  peritoneal  cavity  directly  from  the  cutaneous 
surface,  the  intestine,  the  genital  canal  in  females,  or  the  urinary 
organs.  The  pericardium  may,  by  circuitous  routes,  become  con- 
taminated. The  meninges  may  be  infected  directly  through  the  skull 
or  by  indirect  routes.  The  result  is  acute  inflammation,  going  on 
to  suppuration,  but  without  necrosis  of  tissue.  It  is  seldom  that  abscess 
formation  occurs  in  the  loose  connective  tissue  under  the  serous  mem- 
branes, unless  as  a  part  of  the  original  infection  to  which  that  of  the 
serous  cavity  is  itself  secondary.  In  the  serous  cavity  there  is  for 
the  most  part  a  fibrinous  exudation  which  goes  on  to  suppuration. 
The  toxin  which  has  the  power  of  causing  solution  of  the  connective 
tissue  has  a  similar  power  on  the  fibrine,  and  a  solution  of  it  occurs,  in 
some  cases  very  rapidly,  so  that  the  more  solid  exudation  gives  place 
to  fluid  pus. 

In  a  local  septic  infection,  however,  the  blood-vessels  may  be 
involved,  more  particularly  the  thin-walled  veins.  The  infection  may 
extend  through  the  wall,  or  it  may  find  entrance  through  the  severed 
ends  of  these  vessels  in  cases  of  wounds  or  injuries.  The  consequence 
of  such  an  extension  is  an  inflammation  of  the  w.{l\\  of  the  vein,  which 
is  accompanied  by  coagulation  of  the  blood,  already  stagnant,  as  a  rule, 
in  the  vessel.  Hence  the  term  Thrombo-phlebitis,  so  familiar  in  older 
medical  literature,  means  a  septic  and  ultimately  a  suppurative  inflam- 
mation of  a  vein.  This  condition  is  not  now  common,  except  in  con- 
nection with  the  veins  of  the  skull  and  meninges,  arising  in  these 
regions  chiefly  from  septic  infection  of  the  complicated  structures  of 
the  middle  ear.  The  veins  of  the  leg,  in  cases  of  septic  infection  in 
connection  with  compound  fracture,  used  to  be  sometimes  found  full  of 
pus,  and  with  the  walls  of  the  vessel  infiltrated  with  pus.  It  was  to 
such  a  condition  as  this  that  the  term  Pyaemia  was  given  under  the 
Idea  that  the  presence  of  pus  in  the  blood-vessels  was  the  serious  and 
essential  element.  The  admission  of  septic  microbes  into  the  veins 
frequently  gives  rise  to  their  transportation  to  other  parts,  and  the 
septic_  infection  may  become  distributed,  not  in  the  form  of  a  general 
infection  of_  the  blood,  but  in  that  of  multiple  infections  at  a  distance 
trom  the  primary  seat.  This  extension  occurs  by  a  process  of  embolism, 
and  the  embolic  obstruction  does  not  arise  merely  from  the  microbes,  in 
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which  case  it  would  be  capillary,  but  the  softened  thrombi  from  the 
veins  are  the  obstructing  agents,  and  as  they  carry  with  them  the 
septic  agents,  they  become  the  vehicles  of  infection.  As  the  infection 
of  the  vein  is  the  primary  condition,  it  is  the  lungs  which  are  most 
frequently  the  seat  of  such  infective  emboli,  although  the  infective 
particles  may  extend  through  the  lungs  and  be  distributed  by  the 
systemic  arteries.  In  this  case  the  organs  most  frequently  affected 
are  the  kidneys,  but  we  may  have  also  the  liver,  heart,  intestine  and 
other  organs  involved. 

It  will  be  seen  that  pyaemia  is  a  septic  infection  in  which  dissemina- 
tion has  occurred  by  embolism.  The  result  is,  in  every  place  where 
the  septic  material  is  implanted,  the  occurrence  of  an  acute  inflam- 
mation with  necrosis.  '  Fig.-  46  gives  a  general  view  of  such  a  lesion 
in  the  kidney.  It  is  an  abscess  in  miniature,  the  central  parts  are 
necrosed,  as  evidenced  by  the  entire  absence  of  nuclear  staining,  whilst 
around  this  is  a  great  congregation  of  leucocytes.  It  is  to  such 
lesions  at  a  distance  from  the  original  seat  that  the  name  Metastatic 
Abscesses  is  given. 

It  may  be  added  that  septic  microbes  may  apparently  reach  the 
blood  without  the  intermediation  of  a  wound  of  any  kind.  Probably 
these  fine  particles  in  small  numbers  obtrude  themselves  into  the 
vessels  in  the  lungs  and  alimentary  canal,  but  are  readily  disposed  of 
as  a  general  rule.  They  may,  however,  from  exceptional  local  circum- 
stances or  from  some  special  virulence  in  themselves,  be  planted  in  the 
internal  structures  of  the  body.  This  takes  place  most  frequently  in 
the  bones  (see  Acute  Osteomyelitis)  and  on  the  endocardium  (see 
Malignant  Endocarditis).  In  the  latter  case  the  situation  is  such 
that  metastatic  abscesses  in  the  systemic  circulation  are  peculiarly 
liable  to  occur  (see  Fig.  46). 

Septic  infection  is  commonly  associated  with  extension  of  the  toxins 
into  the  blood  Avith  the  result  of  Septic  Intoxication  or  septictemia. 
The  principal  feature  of  this  condition  is  fever.  The  occurrence  of 
Rigor  followed  by  febrile  rise  of  temperature  is  often  the  signal  of  the 
establishment  of  a  septic  infection  or  of  its  further  extension.  The 
fever  is  not  generally  homogeneously  continuous,  but  has  the  irregular 
character  of  hectic  fever.  It  cannot  be  said  to  what  extent  this  septic 
intoxication  may  be  a  complication  of  conditions,  not  primarily  septic, 
such  as  scarlet  fever,  diphtheria,  tuberculosis. 

The  septic  toxin  may  also  lead  to  organic  change  at  the  seat  of 
its  excretion.  It  seems  probable  that  the  somewhat  frequent  inflam- 
mation of  the  kidneys  in  tuberculosis  and  scarlet  fever  is  due  to  this 
cause. 
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Pyogenic  Microbes. — This  is  the  name  given  to  the  microbes  of 
acute  inflammations  tending  to  suppuration.  The  microbes  'are 
pyogenic,  or  producers  of  pus.    The  majority  of  the  bacteria  in  this 


group  are  micrococci  and,  on  the  other  hand,  most  of  the  pathogenic 
micrococci  belong  to  this  group.  The  toxin  of  the  microbes  is,  accord- 
ing to  Buchner  a  proteid  substance  which  is  present  in  the  bacteria 
themselves.  This  substance  produces  suppuration  apart  from  the 
microbes,  and  it  does  not  lose  its  virulence  even  when  heated  for 
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The  more  common  pyogenic  micrococci  are  staphylococcus  pyogenes 
uureus,  albus  and  citreus,  staphylococcus  cereus  albus  and  emus  flams, 
streptococcus  pyogenes,  gonococcus,  micrococcus  tetragenm,  pneumococcus  (see 
under  pneumonia),  diplococcus  intracellularis  menigitidis  (see  under 
meningitis).  Among  the  pyogenic  bacilli  are  included  bacillus  coli 
communis,  bacillus  pyocyaiieus,  and  pneumobacillus  (see  under  pneumonia). 
Sometimes  organisms  under  certain  conditions  produce  suppuration,  e.g. 
bacillus  typhosus,  bacillus  mallei,  streptothrix  actinoviyces. 

1.  Staphylococcus  pyogenes  aureus.— Micrococci  are  to  be  found 
virtually  in  all  abscesses  or  suppurations,  and  the  form  now  under 
consideration  is  the  most  important.  It  has  been  studied  by  many 
authors,  of  whom  Ogston,  who  suggested  the  term  staphylococcus  (from 
(TTa<f>vXri,  ^  bunch  of  grapes),  and  Rosenbach,  who  gave  the  full  name, 
may  be  mentioned. 

It  is  smaller  than  the  coccus  of  erysipelas,  and  in  its  growth  tends 
to  form  little  masses  rather  than  chains  (Fig.  47).  It  is  not  kno^vTl 
to  produce  spores,  but  it  is  peculiarly  resistant  to  drying  and  heat. 
It  may  be  kept  dry  on  a  cover  glass  for  ten  days  without  losing  its 
power,  and  it  requires  the  temperature  of  boiling  water  for  several 
minutes  in  order  to  kill  it. 

It  grows  at  the  ordinary  temperature,  but  more  vigorously  at  higher 
temperatui'es.  It  grows  on  gelatine,  agar,  and  potato,  forming  in  all 
of  them  bright  orange-coloured  masses  from  which  it  derives  its  name. 
These  have  been  aptly  compared  to  layers  of  oil  paint.  It  rapidly 
liquefies  gelatine. 

Suppurative  inflammations  have  been  frequently  produced  by  the 
artificial  application  of  this  bacterium.  Garre  applied  it  to  his  own 
person,  once  to  a  fissure  at  the  finger-nail,  and  once  by  rubbing  into 
his.  forearm.  In  the  former  case  he  produced  a  spreading  sup- 
puration, and  in  the  latter  a  considerable  carbuncle,  which  took  weeks 
to  heal. 

The  relation  of  this  microbe  to  acute  osteomyelitis  and  to  ulcerative 
endocarditis  is  very  interesting.  If  large  quantities  of  the  culture 
be  injected  into  animals  they  will  die  of  poisoning  in  a  short  time, 
but  if  small  quantities  be  used  they  usually  recover.  However,  an 
injury  to  the  valves  of  the  heart  on  the  one  hand,  or  to  a  bone  on  the 
other,  will  determine  the  settlement  of  the  cocci  in  one  or  other  of 
these  situations,  the  result  being  a  malignant  infective  inflammation. 
(See  under  Acute  Osteomyelitis,  and  Ulcerative  Endocarditis.) 

Abscesses  may  be  produced  in  animals  by  the  subcutaneous  injection 
of  cultures  of  this  microbe.  Acute  peritonitis  is  produced  by  injection 
into  the  abdomen,  and  acute  synovitis  by  injection  into  the  joints. 
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This  micrococcus  is  very  widely  distributed,  occurring  in  almost  all 
suppurations,  but  also  in  the  normal  saliva,  in  water,  and  air.  All  open 
wounds  are  exposed  to  its  inroads,  and  it  will  depend  somewhat  on 
circumstances  whether  it  penetrate  further  inwards. 


Pig.  47.— Staphylococcus  pyogenes  Fig.  4.S.— Streptococcu.s  pyogene.s.  x 

aureus,    x  about  1000.  about  1000. 

2.  Staphylococcus  pyogenes  albus  closely  resembles,  and  is  pro- 
bably a  variety  of,  that  just  described,  almost  the  only  difierence  being 
that,  when  growing,  it  does  not  produce  a  yellow  pigment,  but 
instead,  a  thick  white  layer.  It  is  less  common  than  the  yellow  form, 
and  apparently  less  malignant.  The  Staphylococcus  pyogenes  citreus 
shows  cultures  of  a  lemon-yellow  colour.  It  is  less  common  and  less 
virulent  than  either  of  the  above  mentioned.  The  Staphylococcus 
cereus  albus  and  flavus  are  of  much  less  consequence ;  they  produce 
white  and  yellow  wax-like  cultures  respectively. 

3.  Streptococcus  pyogenes  is  not  infrequently  found  in  pus  (Fig. 
48),  either  alone  or  in  conjunction  mth  the  Staphylococcus  aureus 
In  all  Its  characters  it  closely  corresponds  with  the  streptococcus  of 
erysipelas,  having  a  similar  mode  of  gro^vth  on  nutrient  media  and 
IS  now  generally  regarded  as  identical  mth  it  (see  Erysipelas) 

4.  Micrococcus  gonorrhoeaB,  Gonococcus.-This  form,  discovered  by 
Neisser,  is  now  acknowledged  to  be  the  active  agent  in  the  causation 
ot  gonorrhcBa.  It  is  a  large  micrococcus,  which  is  generally  found  united 
in  twos  (diplococcus),  the  two  surfaces  facing  each  other  being  usually 
concave.  The  gonococcus  cannot  be  detected  by  Gram's  method,  as 
the  ^lodme  decolorizes  it.    It  may  be  stained  by  the  ordinary  aniline 

sow!  ^""71^  peculiarity  of  the  gonococcus  is  that  it  is  found  in  the 

l^anug  the  nucleus  free  It  is  exceedingly  difficult  to  cultivate,  success 
having  been  obtained  by  the  use  of  human  blood  serum,  and  other 


160 


INFECTIVE  DISEASES. 


media,  but  the  growth  has  been  comparatively  slight.  The  identity  of 
the  coccus  and  its  connection  with  gonorrhcsa  was  proved  by  Bumm, 

who  inoculated  a  culture  of  the 


\ 


Fig.  4!). — Gonococcus.  Iwo  pus  corpuscles  are 
seen  whose  protoplasm  is  fiUed  with  diplococci. 
The  nuclei  are  at  one  side.  From  a  case  of 
gonorrhoeal  ophthalmia,    x  about  800. 


third  generation  in  the  female 
urethra,  and  produced  a  typical 
gonorrhoea  in  three  days.  In 
certain  animals,  especially  in 
white  mice  and  guinea-pigs,  in- 
oculation of  the  abdominal 
cavity  produces  a  suppurative 
peritonitis. 

5.  Micrococcus  tetragenus. — 
This  microbe  was  discovered  in 
the  contents  of  a  tubercular 
cavity  in  the  lungs,  and  after- 
wards in  normal  sputum.  It 
has  been  found  in  suppurations 
in  the  neck,  in  pulmonary 
abscesses,  etc.,  and  may  occur 
alone  or  in  association  with  other  microbes.  It  has  been  investi- 
gated by  Gaffky.  It  consists  of  micrococci,  which,  when  found  in 
the  living  body,  are  arranged  in  fours,  each  group  having  a  clear 
capsule  around  it.  These  groups  somewhat  resemble  sarcinse.  The 
bacteria  have  been  cultivated  in  nutrient  media,  but  they  lose 
their  peculiar  arrangement.  They  have  been  used  for  inoculation 
in  animals,  and  are  violently  pathogenic  in  white  mice  and  guinea- 
pigs,  while  house  and  field  mice  and  rabbits  are  insusceptible.  The 
cocci  are  found  in  the  blood  and  tissues  of  all  organs.  This  microbe 
may  be  the  cause  of  pathological  conditions  in  man,  especially  suppura- 
tions. 

6.  Bacillus  coli  communis. — This  bacillus  is  constantly  present  in 
the  colon  of  man  and  frequently  in  the  faeces.  It  is  also  sometimes 
present  in  the  vagina* and  uterus,  and  may  be  the  cause  of  peritonitis 
by  extension  from  these  organs,  as  in  cases  of  puerperal  fever  and  of 
Cfesarian  section.  It  is  a  short  rod,  closely  resembling  the  bacillus  of 
typhoid  fever  (see  Typhoid  fever),  and  it  possesses  powers  of  move- 
ment due  to  cilia  which  are  sometimes  single,  and  sometimes  multiple. 
They  are  situated  at  the  sides  of  the  bacilli.  It  grows  on  the  usual 
culture  media  in  the  presence  of  oxygen  (see  Fig.  50). 

This  bacillus  is  obviously  non-pathogenic  in  the  intestinal  canal,  but 
it  is  highly  pathogenic  in  the  peritoneum.  It  has  been  found  as  a 
pure  culture  in  peritonitis  resulting  from  perforation  of  the  intestnie. 
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Pig.  50. — Bacillus  coli  coiiimuni.s. 
X  about  1000. 


Inoculation  of  cultures  into  the  peritoneum  of  rabbits  produces  an 
acute  peritonitis.     The  disease  is  much  more  severe  when  cultures 
have  been  made  from  the  peritoneal  exudation  in  cases  of  perforation 
of  the  intestine  in  man,  than  from  the 
contents  of  the  intestine.    Similar  inten- 
sified cultures  are  obtainable  from  the 
intestine  of  animals  by  artificially  ob- 
structing the  intestine. 

Adami  finds  the  bacillus  coli  in  the 
liver  in  many  cases,  and  it  presents 
various  transformations,  appearing  some- 
times as  a  diplococcus.  He  suggests  that 
the  liver  has  a  bactericidal  power  on 
this  bacillus,  and  possibly  other  bacilli, 
absorbed  from  the  intestine.  He  has 
found  these  polymorphic  forms  espe- 
cially in  cirrhosis,  and  suggests  that  the  bacillus  coli  may  take  part 
in  the  causation  of  that  disease. 

7.  Bacillus  pyocyaneus  (Bacillus  of  blue  or  green  pus).— Surgeons 
sometimes  find  that  the  dressings  suddenly  assume  a  bright  green  or 
blue  colour,  which  may  occur  without  disturbing  the  process  of  healing. 
This  is  due  to  a  small  bacillus  which  has  found  access  to  the  secretions 
of  the  wound,  and  has  multiplied  there.  It  is  a  slender  rod,  often 
united  in  small  chains  of  four  to  six  cells.  It  has  very  lively  move- 
ments; no  formation  of  spores  has  been  observed.  It  has  been 
cultivated  in  various  nutrient  media,  the  culture  usually  giving  a 
greenish  colour.  The  pigment  has  been  extracted  by  chloroform,  and 
separated  as  long  needles.  It  has  been  observed  also  in  the  pus  of 
cases  in  which  the  dressings  have  been  stained.  This  pigment  is 
named  by  Gessard  pyocyanin.  This  form  of  bacterium  produces  in 
certain  animals,  especially  rabbits  and  guinea-pigs,  suppurative  inflam- 
mation.   In  man  it  is  only  occasionally  pathogenic. 


II.  ACUTE  SPECIFIC  DISEASES. 


In  some  of  the  diseases  to  be  mentioned  in  this  group  the  presence 
of  an  infective  agent  is  presumed,  in  others  it  is  definitely  determined. 

A.  Acute  specific  diseases  of  uncertain  microbic  origin.— Here  will 
be  considered  the  gi-oup  of  acute  specific  fevers,  and  along  with  these 
via  be  included  some  allied  affections,  whose  precise  nature  is  as  yet 
^nknown.  The  acute  specific  fevers  are,  for  the  most  part,  infectious, 
e  great  majority  of  cases,  they  also  present  a  distinct  periodicity, 
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that  is  to  say,  they  tend  to  come  to  a  spontaneous  termination 
at  the  expiry  of  a  certain  number  of  days  or  hours.  This,  as  we 
have  seen,  is  in  most  cases  to  be  referred  to  the  production  in  the 
course  of  the  disease  of  an  antitoxin  which  by  counteracting  the  toxin 
brings  the  disease  to  a  termination.  But  this  explanation  does  not 
apply  to  the  periodicity  of  the  malarial  fevers,  in  which  the  life  history 
of  the  parasite  determines  the  peculiar  periodicity  of  the  attacks,  and  it 
may  be  so  in  regard  to  some  other  forms.  "With  these  exceptions  we 
may  associate  the  fact  that,  in  most  of  the  forms  of  disease  under  con- 
sideration, immunity  is  acquired  by  a  single  attack  of  the  disease. 

In  regard  to  the  specific  fevers  the  relation  of  the  infective  agents  to 
the  phenomena  of  the  disease  is  various.  As  the  effects  in  all  the 
forms  have  the  common  feature  of  fever,  it  may  be  inferred  that  the 
blood  is  the  vehicle  by  which  the  agent  which  directly  produces 
the  symptoms  is  conveyed.  But  as  the  actual  symptoms  are  those  of 
intoxication,  it  may  be  inferred  that  the  infective  agent,  the  parasite, 
need  not  itself  be  present  in  the  blood,  but  that  it  is  sufficient  if  the 
toxins  produced  reach  that  vehicle.  Hence  we  may  distinguish  two 
categories,  although  the  distinction  is  not  an  absolute  one.  There 
are  diseases  of  this  group  in  which  the  infective  agent  is  present 
in  the  blood,  and  there  are  others  in  which  the  infection  is  localized, 
and  only  the  toxins  reach  the  blood.  Even  with  this  division  a  further 
distinction  has  to  be  made,  as  the  infective  agent  may  at  a  certain 
stage  be  present  in  the  blood,  or  may  be  conveyed  by  it,  whilst  it  may 
subsequently  be  deposited  locally  and  produce  an  intoxication  from  its 
more  local  seat. 

Keeping  these  facts  in  view,  the  principal  specific  febrile  diseases 
may  now  be  briefly  reviewed. 

1 .  Small-pox.  Variola. — This  disease  has  two  febrile  periods,  which, 
it  may  be  inferred,  have  different  relations  to  the  infective  agent. 
There  is  the  primary  fever  which  is  accompanied  by  severe  general 
symptoms,  and  is  probably  to  be  explained  by  the  presence  of  the 
infective  agent  and  its  toxins  in  the  blood.  It  is  not  a  mere  matter  of 
inference  that  the  agent  is  in  the  blood,  as  its  subsequent  presence  in 
the  skin  all  over  the  body  can  only  be  explained  by  its  being  carried 
by  the  blood.  The  secondary  fever  coincides  with  the  appearance  and 
development  of  the  eruption  in  the  skin.  The  infective  agent,  which 
is  probably  ,  a  protozoon,  multiplies  in  the  epidermic  layer  of  the  skin, 
and  the  fluid  or  lymph  which  is  there  produced  is  highly  infectious. 
As  the  eruption  occurs  only  in  the  skin  and  mucous  membranes  nnmc- 
diately  continuous  with  it,  such  as  the  mouth  and  extreme  lower 
extremity  of  the  rectum,  we  may  infer  that  oxygen  is  required  by  the 
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contagmm  for  its  development.  It  is  probable  that  the  local  multiplica- 
tion in  the  skin  is  associated  with  the  production  of  toxins,  which 
passing  into  the  blood  produce  the  secondary  fever  and  other  general 
symptoms.  The  suggestion  that  the  secondary  fever  is  septic  is  not  a 
tenable  one,  as  the  fever  occurs  where  the  eruption  has  not  yet  pro- 
duced any  breach  of  surface,  a,nd  where  no  septic  microbes  are  present 
in  the  lymph. 

The  nature  of  the  infective  agent  in  small-pox  and  vaccinia  has  been 
the  subject  of  much  investigation  and  discussion.    The  lymph  from  the 
characteristic  pustules  is  undoubtedly  the  vehicle  of  contagion,  and  it 
contains  multitudes  of  minute  particles.    The  pustules  themselves  con- 
tain peculiar  bodies  which  are  largely  within  the  epidermic  cells  at 
first,  but,  as  the  cells  are  destroyed,  become  free.    Inoculation  has  been 
successfully  performed,  chiefly  on  the  cornea  of  the  rabbit,  and  here 
also  peculiar  bodies  are  found  in  the  epidermic  cells.    These  bodies, 
which  are  in  a  non-committal  style,  called  "vaccine-bodies"  or  "variola- 
bodies,"  are  of  various  sizes,  and  are  rendered  prominently  visible  by 
various  methods  of  staining.    Their  nature  is  matter  of  serious  differ- 
ence of  opinion.    On  the  one  hand  they  are  accepted  as  parasitic,  and 
if  so  they  are  protozoa.    By  those  who  accept  this  position  the  name 
cytoryctes  vaccinise  Guarnieri  is  adopted  for  the  parasite,  G-uarnieri 
being  the  author  of  the  first  reliable  research  on  the  subject.  Those 
opposed  to  the  parasitic  view,  while  acknowledging  the  actuality  of  the 
bodies,  regard  them  as  p-oducts  of  the  nuclei  or  protoplasm  of  the 
epidermic  cells.    A  late  .wiiter  on  the  subject,  whilst  denying  that 
these  bodies  are  parasites,  yet  holds  that  they  are  the  product  of  the 
contagium,  and  that  the  true  infective  agent  develops  and  multiplies  in 
the  epidermic  cells,  and  more  particularly  in  these  bodies  which  he 
regards  as  derived  from  the  protoplasm.    The  matter  is,  therefore,  still 
subjwhce,  but  seems  on  the  way  to  decision. 

2.  Chicken-pox.  Varicella.-Here  the  infective  agent  is  equally 
unknown.  Various  forms  of  bacteria  have  been  described  as  occurring 
in  the  vesicles,  and  bodies  resembling  those  met  with  in  small-pox  have 
also  been  found. 

3.  Scarlet  Fever.-The  relations  of  the  local  lesions  and  general 
symptoms  to  the  infective  agent  are,  in  this  disease,  obscure  and  com- 
plicated, and  are  not  likely  to  be  cleared  up  till  the  infective  agent 

self  IS  discovered  As  yet  no  form  of  microbe  has  been  conclusively 
demonstra  ed  as  the  causative  agent  in  scarlet  fever.  There  are  two 
Pronounced  seats  of  local  lesion,  the  fauces  and  the  skin.   In  the  formei, 

nich  IS  presumably  the  primary  seat,  an  acute  inflammation,  usually 
necrosis,  is  present,  and  the  process  is  sometimes  severe  and 
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destructive  (Scarlatina  auginosa).  In  the  skin  the  lesion  is  an  acute  in- 
flammation usually  little  more  than  an  active  congestion,  so  that  the  skin 
presents  little  change  when  examined  after  death.  The  infective  agent 
is  undoubtedly  present  in  the  fauces,  and  there  can  be  little  doubt  also 
that  it  passes  into  the  blood.  The  lesion  in  the  skin  might  be  the 
result  of  the  action  of  toxins,  but  the  subsequent  infective  nature  of 
the  desquamated  epidermis  (which,  however,  some  observers  question) 
would  indicate  that  the  infective  agent  is  present  in  the  blood  and 
carried  to  the  skin.  Sometimes  the  symptoms  point  to  a  high  degree 
of  intoxication,  so  that,  with  very  little  local  lesion,  there  may  be  a 
very  severe  attack,  fatal  in  a  few  days.  These  cases  are  scarcely 
explicable  except  on  the  supposition  of  an  agent  multiplying  with  great 
vigour  in  the  blood.  To  the  local  lesions  may  be  added  that  of  the 
kidney  (see  under  Diseases  of  the  Kidney),  which  is  presumably  due 
to  the  toxin.  It  consists  in  an  inflammation,  concentrated  on  the 
glomeruli  in  the  early  stages  of  the  fever,  but  affecting  the  whole 
secreting  structures  in  many  cases.  This  affection  of  the  kidneys  may 
lay  the  basis  for  Bright's  Disease.  The  local  affection  in  the  throat  is 
often  the  seat  of  invasion  by  the  ordinary  septic  microbes,  more  par- 
ticularly the  streptococcus  pyogenes.  It  cannot  as  yet  be  determined 
how  far  the  local  lesion  may  be  due  to  this  invasion  or  to  the  primary 
agent,  nor  can  it  be  stated  how  far  the  general  symptoms,  and  even  the 
local  lesions  in  the  kidneys,  are  due  to  septic  intoxication.  It  is  a  case 
of  mixed  infection.  The  great  destruction  of  tissue,  involving  in  some 
cases  the  structures  of  the  middle  ear,  point  either  to  a  special  virul- 
ence in  the  infective  agent,  or  to  an  extreme  degree  of  potency  in  the 
mixed  infection. 

4.  Measles. — In  the  absence  of  any  knowledge  of  the  infective  agent, 
we  are  in  this  disease,  as  in  the  case  of  scarlet  fever,  left  to  inference  as 
to  the  principal  seat  and  mode  of  action  of  the  infection.  The  infection 
is  volatile,  and  it  seems  specially  virulent  in  the  early  stages  of  the 
disease.  The  local  symptoms  consist  mainly  in  catarrhal  inflammation 
of  the  mucous  membranes  of  the  nasal  and  respiratory  passages,  often 
going  on  to  inflammation  of  the  lungs,  and  in  an  eruption  in  the  skin 
which  is  also  inflammatory.  There  is  more  than  a  simple  congestion  as 
in  scarlet  fever,  so  that  after  death  infiltration  of  leucocytes  is  visible, 
especially  around  the  sebaceous  and  sweat  glands.  There  may  also  be 
small  hsemorrhages.  Whether  the  infective  agent  remains  localized 
in  the  respiratory  tract,  and  only  the  toxins  are  present  m  the  blood, 
or  whether  the  infection  itself  reaches  the  blood,  is  unknown. 

In  German  Measles  or  Rubella  we  may  presume  a  less  active 
infective  agent  is  present. 
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5.  Typhus  Fever. — Here  also  we  are,  as  yet,  in  the  dark  as  to 
the  form  of  the  infective  agent.  It  is  volatile,  as  infection  occurs 
through  the  air,  by  inhalation.  It  is  to  be  inferred  that  the  infective 
agent  is  present  and  multiplies  in  the  blood.  There  is  no  constant 
local  lesion.  The  red  blood-corpuscles  show  very  striking  changes  in 
shape  and  indications  of  disintegration.  The  eruption  in  the  skin  is 
rather  in  the  form  of  a  passive  hyperasmia,  with  disintegi'ation  of  the 
blood  so  as  to  stain  the  tissues,  than  of  a  true  inflammation.  Hence 
it  partly  persists  after  death  as  stains  or  blotches.  The  skin  may 
show  evidences  of  a  more  considerable  disintegi^ation  of  the  blood 
in  the  form  of  a  general  staining  almost  amounting  to  jaundice. 

6.  Yellow  Fever. — The  general  aspects  of  this  disease  resemble  those 
of  typhus  fever.  There  is  no  local  lesion,  and  there  is  a  profound 
alteration  of  the  blood.  The  blood-corpuscles  are  so  much  destroyed 
that  their  hsemoglobin  stains  the  liquor  sanguinis,  and  by  means  of  this 
the  skin  and  other  tissues.  It  is  from  this  coloration  that  the  term 
yellow  fever  is  derived.  Sanarelli  claims  that  the  bacillus  found  and 
named  by  him  Bacillus  icteroides  is  the  cause  of  yellow  fever.  His 
results  have,  howevei',  not  been  confirmed  by  recent  observers.  The 
United  States  Army  Commission,  recently  appointed  to  enquire  into 
the  etiology  of  yellow  fever,  have  brought  forward  a  number  of  most 
important  results.  They  have  shown  not  only  that  the  blood  of  a 
patient  suffering  from  yellow  fever  if  injected  into  a  healthy  person 
will  induce  the  disease,  but  that  the  diluted  and  filtered  serum  will  do 
the  same.  They  have  proved  further  that  the  mosquito  may  be  a 
means  of  transmitting  the  disease  from  one  person  to  another,  but 
what  the  nature  of  the  virus  so  transmitted  is  remains  still  to  be 
determined. 

7.  Whooping  Cough.- The  infective  agent  in  this  disease  is  quite 
unknown,  although  many  attempts  have  been  made  to  discover  it.  The 
mdications  are  that  it  lodges  in  the  respiratory  passages,  where  its  toxin 
produces  irritation  resulting  in  catarrh  and  the  violent  paroxysmal 
coughmg  which  characterizes  the  disease.  It  is  probable  that  there  is 
not  from  the  pure  infection  much  general  intoxication.  There  is  fre- 
quently, beyond  a  simple  catarrh,  a  serious  broncho-pneumonia  which 
greatly  raises  the  mortality  of  whooping  cough.  But  whether  this  is 
the  result  of  the  direct  infection  or  of  a  secondary  infection  of  the 
oniinary  pyogenic  microbes  remains  as  yet  obscure. 

8.  Mumps.  Contagious  Parotitis.-This  is  one  of  the  milder  specific 
levers  in  which  the  nature  of  the  infective  agent  is  also  unknown.  It 

ccurs  usually  ni  epidemics,  and  is  highly  contagious.  The  salivary 
b  anas  are  the  seat  of  an  inflammatory  swelling  which  rarely  ends  in 
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suppuration,  but  subsides  in  a  short  time,  leaving  the  gland  uninjured. 
Secondary  inflammatory  manifestations — the  so-called  metastases — are 
frequent  in  the  testicle,  mammte,  etc.  They  may  in  the  testicle  lead 
to  atrophy.  Meningitis  has  been  observed'  to  supervene  in  not  a  few 
cases. 

9.  Rheumatic  Fever. — This  is  a  disease  whose  right  to  a  position 
amongst  the  infectious  may  still  be  disputed  by  some,  and  which  has, 
in  the  past,  been  regarded  variously  as  an  intoxication  arising  from 
faults  of  excretion,  or  of  some  nervous  origin.  The  general  aspects  of 
the  disease  are  those  of  a  specific  fever  due  to  a  general  intoxication, 
and  the  local  manifestations  also  point  to  the  general  distribution  by 
the  blood  of  a  poison  which  has,  as  is  usual  with  poisons,  certain  local 
affinities.  The  painful  affection  of  the  joints,  which  is  such  a  prominent 
symptom  as  to  give  very  much  of  its  character  to  the  disease,  is  not  to 
be  regarded  as  indicating  that  the  primary  seat  is  in,  or  in  the  neigh- 
bourhood of,  the  joints.  No  infective  agent  is  known,  and  there  is  no 
such  local  centre  as  exists  in  diphtheria,  typhoid  fever,  and  other  forms, 
in  which  it  may  be  supposed  that  the  infection  has  its  seat.  It  is 
probable,  therefore,  that  it  is  present  in  the  blood,  but  it  cannot  be  said 
whether  it  is  deposited  in  the  various  local  lesions  or  not.  The  disease 
is  not  infectious  from  person  to  person,  nor  is  its  mode  of  propagation 
known,  but  there  are  interesting  facts  showing  connection  with  par- 
ticular localities,  and  also  its  prevalence  amongst  the  inmates  of 
particular  houses.  Whilst  there  are  the  symptoms  of  a  general  intoxi- 
cation, there  are  also  local  inflammations  affecting  chiefly  certain  fibrous 
membranes.  In  the  localities  affected  the  appearances  indicate  that, 
besides  the  direct  influence  of  the  toxic  substance,  friction  plays  a  part 
in  the  production  of  the  inflammation.  Thus  the  localities  themselves, 
namely,  the  joints,  the  pericardium,  and  the  valvfes  of  the  heart,  are 
exposed  to  constant  friction  from  the  movements  of  the  body,  and 
further,  in  the  valves  of  the  heart,  the  lesion  is  in  a  striking  manner 
restricted  to  those  par'ts  which  are  exposed  to  impact  of  neighbour- 
ino-  portions  during  the  closure  of  the  valves  (see  under  Acute 
Endocarditis). 

There  may  be  a  mixed  infection  in  this  disease.  The  regular  and 
extended  distribution  of  the  lesion  in  acute  endocarditis  indicates  the 
action  of  a  dissolved  toxin,  or  a  very  abundant  infective  agent  in  the 
blood.  On  the  other  hand,  pyogenic  microbes  may,  taking  advantage 
of  a  breach  of  surface,  attach  themselves  to  a  particTilar  part  of  a  valve, 
but  this  need  not  be  in  a  portion  exposed  to  friction,  and  it  may  occur 
when  the  fever  has  completely  subsided  (see  under  Ulcerative  Endo- 
carditis). 


RHEUMATIC  FEVER — BENGUE. 
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Recentl}^  Poynton  and  Paine  have  found  in  all  the  cases  examined 
by  them  that  a  small  diplococcus  described  by  Triboulet  and  others'  is 
present  in  the  blood  of  patients  suffering  from  acute  rheumatism,  and 
may  be  obtained  after  death  in  all  the  important  lesions.  They  were 
able  to  cultivate  the  organism  and  induce  hy  intravenous  injection  in 
rabl^its  joint  affections,  endocarditis  and  pericarditis. 

10.  Dengue. — This  is  a  specific  infectious  fever  of  tropical  countries. 
As  in  rheumatic  fever  severe  pains  in  and  around  the  joints  are 
common,  and  as  in  scarlet  fever  and  measles,  erythematous  and 
roseolar  eruptions  are  almost  constantly  present.  The  sudden  onset, 
brief  duration,  and  low  mortality  are  all  features  in  this  disease.  The 
nature  of  the  infective  agent  is  quite  unknown.  We  may  infer  that 
warmth  is  evidently  essential  to  its  life  outside  of  the  body,  for  it  is 
found  that  dengue  at  once  dies  down  in  a  community  whenever  the 
temperature  falls  below  a  certain  point. 

11.  Babies.  Hydrophobia. — Will  be  dealt  Avith  under  Diseases  of 
the  Nervous  System. 

B.  Acute  specific  diseases  of  certain  microbic  origin. — Many  of  the 
diseases  included  under  this  heading  are  more  satisfactorily  dealt 
with  elsewhere.  This  is  particularly  the  case  with  regard  to  such 
diseases  as  Acute  Pneumonia,  Diplitlmia,  Typhoid  Fever,  Cholera,  Tetanus, 
Epidemic  cerebrospinal  meningitis.  Infective  endocarditis,  etc.,  notice  of 
which  will  be  taken  in  the  special  part  of  this  work.  A  certain  num- 
ber of  allied  diseases  may  here  be  more  conveniently  passed  in  review. 

1.  Erysipelas. — The  micrococcus  of  erysipelas.  Streptococcus  erysipe- 
latis,  is  composed  of  perfectly  globular  cells  of  small  size,  which  have  a 
peculiar  tendency  to  grow  into  long  chains.  It  has  been  cultivated  on 
various  media,  growing  slowly  at  the  ordinary  temperature,  and  more 
quickly  when  the  temperature  approaches  that  of  the  body.  The  cocci 
grow  most  abundantly  in  bouillon,  and  as  a  rule  no  visible  growth 
takes  place  on  potato.  In  growing  they  form  little  white  colonies  of 
circular  outline  which  have  a  characteristic  appearance,  and  do  not 
liquefy  gelatine.  As  we  have  seen,  these  are  the  characters  of  the 
streptococcus  pyogenes  (see  p.  159). 

In  cases  of  erysipelas  they  are  found  in  the  lymphatic  spaces  and 
vessels,  which  they  frequently  fill  out  so  as  to  form  a  kind  of  injection 
of  them.  They  do  not  extend  beyond  these  vessels,  l)ut  their  poisonous 
.products  not  only  produce  intense  local  inflammation,  but,  passing  to 
the  blood,  cause  fever  and  other  general  symptoms.  The  bacteria"  are 
scarcely  at  all  present  in  the  inflamed  area,  but  are  abundant  at  the 
margins.  The  cocci  evidently  produce  their  toxin,  and  subsequently 
pensh,  leaving  the  fjoison  behind. 
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Erysipelas  is  producible  artificially  by  inoculation  of  cultures  of  this 
streptococcus.  The  most  convenient  experiment  is  to  inoculate  the  ear 
of  a  rabbit ;  this  leads  to  an  acute  inflammation,  which  terminates  in 
from  six  to  ten  days  without  suppuration.  Mice  are  immune  to  this 
microbe.  Fehleisen  has  successfully  practised  inoculations  in  man  with 
a  view  to  treatment  of  tumours. 

,In  ordinary  cases  of  erysipelas  the  bacteria  are  usually  derived  from 
the  air,  but  may  be  conveyed  by  contact.  The  point  of  entrance  is 
probably  in  all  cases  a  wound ;  it  may  be  a  very  trivial  one. 

2.  Influenza. — In  cases  of  epidemic  influenza  the  microbe— Bacillus 
Influenzae — is  found  in  the  mucus  discharged,  and  it  is  more  pure  the 
further  down  the  bronchial  tree  the  discharge  has  been  produced.  In 
cases  of  death  pure  cultures  have  been  found  in  the  fine  bronchi  as  well 
as  in  the  lung  alveoli,  when  catarrhal  pneumonia  is  present.  In  the 
febrile  stage  the  bacilli  are  mostly  free,  but  during  convalescence  they 
are  chiefly  in  the  substance  of  leucocytes.  The  bacilli  have  been  found 
in  small  numbers  in  the  blood  and  occasionally  in  the  exudation  of  the 
meningitis,  which  sometimes  complicates  influenza. 

The  bacillus  is  a  very  small,  short,  thin,  non-motile  rod.  It  is  stained 
by  the  ordinary  dyes  but  not  by  G-ram's  method. 

Cultures  are  best  made  on  blood-agar,  on  which  the  growth  forms 
minute  transparent  drop-like  colonies  in  about  twenty-four  hours.  The 
cultures  require  a  temperature  of  26°  to  42°  C,  and  die  do^wn  readily. 

Animals  are  mostly  refractory  to  the  bacillus.  Monkeys  have  been 
found  to  a  certain  extent  susceptible,  when  cultures  have  been  injected 
into  the  trachea.  The  toxin  produces  marked  symptoms  of  poisoning 
in  the  rabbit,  especially  when  the  bacilli  are  injected  directly  into  the 
brain. 

3.  Bubonic  Plague. — The  plague  used  to  occur  in  gigantic -epidemics 
in  Europe,  but  till  lately  had  been  banished  for  many  years.  Its 
recent  appearance  in  Hong-Kong,  in  India,  and  nearer  home,  shows 
that  it  has  lost  none  of  its  old  virulence.  Three  forms  or  types 
of  the  disease  are  recognized,  the  Bubonic,  the  Pulmonary,  and  the 
Septicsemic.  These  may  be  associated  together.  The  two  first  are 
the  most  important,  the  Bubonic  type  being  the  most  notable.  It  is 
characterized  by  the  appearance  of  lymphatic  glandular  swelling,  usually 
single  at  first  and  mostly  in  the  groin.  The  bubo  grows  quickly  and 
the  patient  generally  dies,  usually  in  two  or  three  days,  often  with 
symptoms  of  septicfemia.  Haemorrhage  and  necrosis  are  frequent  in 
aflfected  glands ;  suppuration  is  rare.  Bacilli  are  present  in  enormous 
numbers  in  the  early  stages,  but  may  disappear  entirely  from  the  glands 
in  the  later.    Splenic  enlargement  and  cloudy  swelling  of  the  liver  and 
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kidney  are  common.  Where  extension  has  occurred  to  the  blood,  bacilli 
are  often  found  in  large  numbers  in  the  spleen.  In  the  pulmonary 
form  broncho-pneumonic  patches  with  haemorrhage  are  found  often 
involving  considerable  tracts  of  lung  tissue.  In  the  lesions  and  in  the 
sputum,  bacilli  may  be  readily  recognized.  In  the  septicaBmic  form 
glandular  enlargement  is  usually  slight,  and  the  disease  is  commonly 
rapidly  fatal.  During  epidemics  rats  and  mice  are  affected  and  die  in 
large  numbers. 

The  Bacillus  pestis  is  short  and  thick  with  rouuded  ends,  exhibiting 
bipolar-staining,  i.e.  staining  at  each  end  and  leaving  a  clear  middle 
part.  Spores  have  not  been  found  nor  definite  evidences  of  motility. 
It  is  readily  stained  by  the  ordinary  aniline  dyes  but  not  by  Gram's 
method.  Sometimes  .the  bacillus  has  a  capsule.  Involution  forms  are 
common.  Cultures  are  readily  made  on  agar,  gelatine,  bouillon,  etc. 
Inoculated  into  guinea-pigs,  rats,  and  mice,  it  kills  in  a  few  days,  and 
the  bacilli  are  found  in  the  lymphatic  glands  and  in  the  blood. 

4.  Malta  Fever  (Eock  Fever  of  Gibraltar)  is  a  long-continued  but 
seldom  fatal  endemic  fever  met  with  mainly  but  not  exclusively  along 
the  Mediterranean  coast.  It  is  characterized  chiefly  by  profuse  per- 
spu-ation,  constipation,  rheumatic  or  neuralgic  pains,  with  swelling  of 
joints,  orchitis,  enlargement  and  tenderness  of  the  spleen.  The  changes 
iom\i\.  post-mortem  are  principally  the  result  of  the  fever.  Enlargement 
and  softening  of  the  spleen  is  usually  the  most  striking  feature. 

The  disease  is  due  to  a  microbe— the  Micrococcus  melitensis— first 
described  by  Bruce  in  1887.  It  is  a  small  rounded  or  ovoid  organism 
arranged  singly  or  in  pairs.  In  cultures  short  chains  are  sometimes 
seen.  It  stains  with  the  ordinary  dyes,  but  is  decolorized  by  Gram's 
method.  It  is  one  of  the  few  micrococci  in  which  flagella  have  been 
demonstrated.  The  organism  is  found  mainly  in  the  spleen,  but  has 
been  observed  also  in  the  blood  after  death.  It  is  readily  cultivated, 
showmg  ni  the  course  of  two  or  three  days  small  circular  somewhat 
transparent  whitish  colonies.  The  serum  of  patients  sufFering  from  the 
disease  possesses  the  power  of  agglutinating  the  micrococcus,  in  a 
manner  similar  to  what  occurs  in  typhoid  fever 

5  Anthrax.-The  bacillus  of  anthrax-Bacillus  anthracis-is  one 
of  the  best  known  and  most  widely  diffused  pathogenic  forms, 
occurring  as  it  does,  both  as  a  saprophyte  and  a  parlsite.  As  I 
tTT^  Splenic 
^leasp      1      ■'  ^^lig^^^^t  P'^stule  and  Wool-sorter's 

cWh     ^"t  sometimes  described  under  the  name  Bacteride  du 

cated  t"'        ^  occasionally  communi- 
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The  bacteria  are  rods  of  considerable  size,  geiierall}'  united  end  to 
end  so  as  to  form  longer  threads.  Each  bacillus  is  about  as  long  as  the 
diameter  of  a  red  Ijlood-corpuscle.  As  seen  in  the  blood  the  extremities 
of  the  bacilli  are  abrupt,  and  even  slightly  concave,  so  that  when  two 
are  united  there  is  an  oval  space  which  is  veiy  characteristic. 

The  bacillus  is  capable  of  living  on  so  many  different  media  and  at 
such  different  temperatures  that  its  saprophytic  forms  are  of  great 
importance.  It  may  be  cultivated  in  many  different  nutrient  media, 
nutrient  gelatine,  agar,  potato,  etc.  It  grows  readily  in  neutralized 
or  weakly  alkaline  urine,  and  in  infusions  of  animal  substances  in 
general.  On  potato  it  grows  very  vigorously,  forming  a  dry  yellowish 
creamy  layer. 

In  the  animal  body  it  only  occurs  in  the  form  of  the  bacilli,  which 
are  either  single  or  form  short  threads  of  two  or  three.  When  grown 
on  the  surface  of  nutrient  media  so  as  to  be  exposed  to  the  oxygen  of 
the  air,  the  bacilli  grow  out  into  long  threads  which  at  first  sight 
appear  to  be  continuous,  but  when  properly  displayed  ar£  seen  to  be 
composed  of  individual  bacilli.  The  threads  form  parallel  groups  or 
more  tangled  and  matted  masses.  In  these  threads  the  formation  of 
spores  occurs  when  the  circumstances  are  favourable.  This  requires  the 
free  access  of  oxygen,  and  a  temperature  between  18°  and  40°  C,  while 
that  between  20°  and  25°  C.  gives  the  best  results.  The  optimum 
temperature  is  between  28°  and  37°  C.  The  spore  lies  in  the  middle  of 
the  bacillus  as  a  glancing  refractive  body.  The  bacillus  by  and  by 
disappears,  leaTing  the  spore  free.  The  spores  contrast  with  the  bacilli 
in  being  very  permanent,  as  they  resist  drying  and  decomposition. 
Pieces  of  silk  thread  impregnated  with  spores  from  a  culture  on  potato 
may  be  kept  for  years  perfectly  capable  of  germination. 

The  anthrax  bacillus,  hke  some  others,  requires  careful  staining,  but  if  due  care 
be  taken  a  watery  solution  of  almost  any  aniline  dye  may  be  made  to  serve,  or 
Gram's  method  may  be  used  for  double  staining.  The  spores  are  more  difficult  to 
stain.  If  a  cover-glass  preparation  be  first  made,  then  it  may  be  floated  for  about 
twenty  minutes  on  the  suface  of  a  hot  alcoholic  solution  of  fuchsine,  decolorized 
in  weak  hydrochloric  acid  and  again  stained  with.methylene-blue.  The  bacilli  are 
stained  blue  and  the  spores  red. 

The  anthrax  bacillus  is  capable  of  transmission  to  a  large  number  of 
animals,  although  considerable  differences  in  susceptibility  exist.  Mice 
are  the  most  readily  infected,  and  next  to  them  stand  guinea-pigs, 
rabbits,  sheep,  and  cattle.  Rats  are  with  difficulty  affected,  and  dogs, 
birds,  and  frogs  are  scarcely  susceptible.  Frogs  may  be  affected  if  after 
inoculation  they  are  kept  for  a  few  days  at  the  temperature  of  the 
incubator.     Man,  although  susceptible,  exhibits  a  certtxin  degree  of 
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resistcance  to  anthrax  infection,  evidenced  by  the  fact  that  there  is  not 
infrequently  after  inoculation  a  local  disease  (malignant  pustule),  the 
bacilli  being  present  in  the  exudation  of  the  pustule. 

The  disease  may  be  induced  experimentally  either  by  inoculation  into  the  skin 
01'  mucous  membranes  or  by  introduction  into  the  alimentary  canal.  For  inocula- 
tion, the  blood  of  an  animal  which  has  died  of  anthrax  or  an  artificial  culture  may 
be  used.  In  the  case  of  the  alimentary  canal,  cultures  containing  spores  must  be 
used,  as  the  bacilli  are  destroyed  by  the  gastric  juice.  When  an  animal  is  infected 
it  shows  the  symptoms  of  an  acute  specific  fever,  which  usually  proves  fatal  in  a 
few  days.  The  bacilli  are  found  in  enormous  numbers  in  the  blood,  and  as  a  rule 
they  are  found  only  inside  the  blood-vessels.  So  abundant  are  they  in  some  cases 
that  a  preparation  stained  in  the  proper  way  so  as  to  render  the  bacilli  prominent 
appears  as  if  the  vessels  were  injected  with  a  coloured  material.  (See  Figs.  47 
and  48.)  It  is  chiefly  in  the  capillaries  that  they  are  to  be  found,  and  they  are 
most  readily  observed  in  the  spleen,  the  villi  of  the  intestine,  and  the  glomeruli  of 
the  kidney.  In  the  latter  situation  there  is  not  infrequently  rupture  of  the  glomeruli 
and  the  passage  of  blood  and  bacilli  into  the  uriniferous  tubules. 

Spontaneous  infection  with  anthrax  occurs  in  animals  mostly  with  their  food.  It 
originates  chiefly  in  cattle  and  sheep,  and  they  acquire  it  in  grazing.  There  are 
certain  parts  of  the  country  where  the  disease  is  endemic,  the  grass  apparently 
containing  the  microbe.  As  this  infection  is  by  the  alimentary  canal  it  is  necessary 
that  spores  should  be  present.  The  bacillus  grows  on  many  sorts  of  vegetable  and 
animal  matter  on  which  it  may  be  planted  by  the  blood  or  discharges  of  infected 
animals.  Hence  the  bodies  of  such  animals  should,  where  possible,  be  buried 
without  opening  and,  at  any  rate,  precautions  taken  against  contaminating  the 
ground  with  blood  or  tissues. 

In  man  the  disease  has  mostly  been  communicated  by  handling  the 
tissues  of  animals  which  have  been  affected.  Sometimes  spore-formation 
will  occur  in  such  tissues,  the  bacilli  growing  on  the  tissue  Avhen 
exposed  to  the  air  and  producing  spores.  Hence  spores  may  adhere  to 
hair,  wool,  or  other  material,  and  be  conveyed  long  distances.  Most 
cases  in  man  have  occurred  amongst  workers  in  hair  or  wool,  hence  the 
name  of  Wool-sorter's  disease.  In  several  cases  occurring  in  Glasgow 
the  hair  had  come  from  Russia. 

When  inoculation  occurs  by  a  scratch  or  wound  of  the  skin  in  man, 
or  by  the  pricking  of  insects  which  have  been  in  contact  with  the  blood 
of  an  affected  animal,  a  local  disease  results,  the  Malignant  Pustule 
A  small  elevated  boil  forms  of  a  red  or  yellow  colour,  which  soon 
acqmres  a  crust.  The  pustule  has  the  usual  characters  of  an  acute 
inflammation,  the  cutis  being  infiltrated  with  leucocytes.  There  arc 
numerous  bacilli  in  the  superficial  layers  of  the  cutis.  There  may  be 
around  the  pustule  much  oidematous  swelling.  The  infection  sometimes 
passes  on  to  the  blood  and  produces  the  regular  splenic  fever. " 

In  the  Intestinal  canal  local  lesions  are  produced  similar  to  those  of 
^  e  Hkm.    They  are  rare  in  the  human  suliject,  though  common  in 
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animals.  They  are  seated  mostly  in  the  small  intestine,  and  rarely  in 
the  stomach  or  colon.  Infection  also  occurs  by  the  lungs  from  inhala- 
tion of  spores.  This  has  been  ol)served  amongst  rag-pickers  in  paper 
works,  the  disease  manifesting  itself  as  an  acute  inflammation,  affecting 


Fig.  ra. — Villus  of  intestine  in  anthrax,  the  bacilli  visible  as  minute  thi-eads. 
X  250.  (Koch.) 

bronchi,  lungs,  and  pleura.  Swollen,  often  hajmorrhagic  patches, 
surrounded  by  oedema,  are  found  in  the  mucous  membrane  of  the 
larger  bronchi  and  the  lower  end  of  the  trachea.  Occasionally  necrosis 
of  these  is  seen.  The  adjoining  bronchial  glands  are  often  greatly 
enlarged. 

Attenuation  of  the  virus  was  first  attempted  by  Pasteur,  and  Avas 
attended  by  very  striking  results.  By  cultivating  the  bacillus  at  a 
temperature  of  42°-43°  C.  for  about  twenty-four  days,  the  infective 
power  is  destroyed,  while  a  shorter  period  suffices  to  weaken  it.  By 
this  means  a  permanent  Vaccine  is  procurable.  Immunity  has  also 
been  procured  by  using  a  toxalbumin  separated  from  anthrax  cultures, 
and  also,  according  to  Wooldridge,  by  using  a  form  of  fibrinogen 
obtained "  from  the  normal  blood. 

When  animals  are  vaccinated  with  the  attenuated  virus  they  have  a 
mild  form  of  the  disease  and  acquire  a  certain  degree  of  immunity  to 
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the  more  severe  forms.  The  jDractical  importance  of  this  fact  is 
seriously  diminished  because  the  immunity  appears  to  be  only  from 
infection  by  inoculation,  and 
does  not  extend  to  infection 
by  taking  the  spores  into  the 
alimentary  canal.  The  latter 
is,  moreover,  the  most  fre- 
quent mode  of  infection  in 
spontaneous  anthrax. 

Symptomatic   antlirax.  —  The 

bacillus  of  symptomatic  anthrax 
{Bacillus  of  "  Quat-ter  evil" ; 
Bacillus  of  Eauschhrand)  is  found 
in  certain  cases  of  disease  in  cattle, 
having  a  rapid  course  and  nearly 
always  a  fatal  issue.  The  disease 
has  several  names,  such  as 
"Black-leg,"  "  Quarter  evil,"  and 
in  Germany  "  Eausch-brand." 

The  bacilli  are  thickish  rods, 
which  are  mostly  single.  They 
have  lively  motion  by  means  of 
numerous  cilia.  The  bacillus 
grows  readily  on  ordinary  media, 
but  it  is  strictly  anaerobic.  It 
produces  spores  which  are  thicker 
than  the  bacillus  and  he  nearer 
one  end  than  the  other,  so  that  a 
somewhat  club-shaped  form  is  produced.  It  produces  gas  in  stab-cultures,  and 
IS  decolorized  when  treated  by  Gram's  method,  in  both  these  respects  contrasting 
with  bacillus  anthracis. 

The  bacillus  is  pathogenic  in  cattle,  sheep,  goats,  and  guinea-pigs.  No  case  has 
been  observed  in  the  human  subject.  Guinea-pigs,  sheep,  and  cattle  have  beea 
rendered  immune  by  inoculation  of  a  virus  of  diminished  intensity. 

6.  Malignant  CBdema.-The  bacillus  of  malignant  oedema  is  a 
bacterium  somewhat  similar  in  size  to  the  bacillus  anthracis,  and  it  is 
also  identical  Math  Pasteur's  "vibrions  septiques  "  which  he  found  in 
his  "septica3mie."    (See  Fig.  53.) 

Malignant  Q3dema  has  been  observed  in  man  after  infection  of 
severe  wounds,  compound  fractures,  etc.,  by  the  bacillus.  There  is  a 
cutaneous  emphysema,  decomposition,  and  c«dematous  swelling  of  the 
superficial  muscles,  and  death  generally  results  in  a  few  days  The 
author  met  with  bacilli  closely  resembling  this  form  in  a  case  of 
cancrum  oris. 

The  bacillus  is  a  slender  rod,  somewhat  thinner  than  the  anthrax 


„  j2.— From  same  preparation  as  Fig.  ,01  more 
higUy  magnified.  The  bacilli  visible  a.s  definite  rods 
X  700.  (Koch.) 


174 


ACUTE  SPECIFIC  DISEASES. 


bacillus  and  with  rounded  ends.  It  tends  to  grow  into  long  threads 
even  in  the  body,  and  it  is  slightly  motile  by  means  of  ciha.  The 
bacilli  are  strictly  anaerobic,  so  that  they  can  only  be  cultivated  by 
taking  precautions  to  exclude  the  oxygen  of  the  air,  as  in  an  atmo- 
sphere of  hydrogen,  or  by  a  stab-culture  deeply  into  a  solid  culture- 
medium.  In  growing  the  bacillus  evolves  gas  and  produces  a  putrid 
odour.    It  is  decolorized  by  Gram's  method.    It  bears  spores  in  the 


■Evi      to     u    -11        c        1-        r  Fig-      — Blood  from  case  of  relapsing 

Fig.   53.-Bacillus  of    niahgimnt  fevei-,  showiug  corpuscles  and  Spirillum 

(Bdema.    x  about  1000.  Obermeieri.    x  Too!  (Carter.) 

middle  of  the  rods.  The  source  of  the  bacilli  in  experimental  observa- 
tions is  various  kinds  of  decomposing  matters,  dust,  garden  earth,  etc., 
and  they  are  evidently  widely  dispersed. 

The  bacilli  produce  disease  when  inoculated  in  mice,  guinea-pigs, 
rabbits,  etc.,  and  this  occurs  whether  their  source  be  such  external 
matters  as  garden  earth,  or  pure  cultivations.  Death  usually  results  in 
twenty-four  to  forty-eight  hours.  Around  the  point  of  inoculation  the 
subcutaneous  tissue  and  superficial  muscles  are  infiltrated  with  a  dirty 
red  stinking  fluid  in  which  are  bubbles  of  gas.  The  bacilli  are  found  in 
the  (edematous  fluid ;  none  are  visible  in  the  blood.  The  Imcilli,  in 
iact,  remain  iii  the  subcutaneous  tissue,  and  on  the  surface  of  organs, 
not  penetrating  into  the  parenchyma  and  not  extending  to  the  blood- 
vessels. It  is  to  be  added  that  they  grow  vigorously  after  death, 
penetrating  into  the  substance  of  organs  and  into  the  vessels.  In 
the  mouse  the  bacilli  penetrate  more,  markedly  during  life  into 
the  tissues  of  blood-vessels,  and  the  appearances  approach  to  those 
of  anthrax. 

7.  Relapsing  Fever. — This  disease  is  due  to  an  active  spiral  microbe 

 the  Spirillum  Obermeieri — which  is  found  abundantly  in  the  blood 

of  persons  aff"ected  with  relapsing  fever.  (See  Fig.  54.)  The  spirilla 
are  very  thin  with  pointed  extremities,  and  vary  in  length  from  two  to 
.six  times  the  diameter  of  a  red  blood-corpuscle.     They  are  present 
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only  during  the  acute  attacks,  disappearing  in  the  interval,  to  return 
when  the  relapse  occurs.  The  spirillum  is  readily  stained  by  ordinary 
watery  solutions  of  the  aniline  dyes  but  not  by  Gram's  method.  It 
has  not  been  cultivated  artificially.  The  disease  has  been  communi- 
cated to  man  and  to  apes  by  the  inoculation  of  blood  containing 
spirilla.  The  spirillum  is  found  only  in  the  blood,  and  Koch  has 
observed  it  in  the  blood  of  the  brain,  liver,  and  Iddneys  of  an  ape 
which  was  killed  during  the  attack.  MetchnikofF  has  shown  from 
experiments  on  animals  that  at  the  crisis  the  spirilla  accumulate  in  the 
spleen,  which  in  this  disease  is  almost  always  enlarged.  They  are 
there  in  part  disposed  of  by  the  leucocytes.  If,  as  has  been  done  by 
Soudakewitch,  the  spleen  is  excised  and  the  disease  then  produced  in 
the  animal  very  large  numbers  of  spirilla  are  found  in  the  blood.  The 
immunity  conferred  on  man  by  one  attack  of  this  disease  is  very  short- 
lived, and  the  same  is  known  to  be  the  case  in  the  disease  induced  in 
monkeys.  Lamb  has  shown  that  if  the  spleen  of  a  monkey  is  excised, 
two  or  three  weeks  after  it  has  passed  through  an  attack  of  the  disease, 
the  animal  may  be  proved  to  be  immune.  This  he  attributes  to  the 
bactericidal  action  of  the  serum,  which  he  has  demonstrated  has  the 
power  of  agglutinating  and  destroying  the  spirilla. 

Malaria  and  Dysentery  are  dealt  with  elsewhere  (see  under  Animal 
Parasites  and  Intestine). 

Literature.— Septic  infection  and  acute  specific  diseases.  The  student  is  referred 
to  treatises  on  Bacteriology.    Here  only  a  few  important  references  can  be  given  : 
Fehleisen,  On  erysipelas  (Syd.  Soe.  transL),  1886;  Ogston,  Brit.  Med.  Jour.,  i., 
1881;  RosENBACH,  Mikroorganismen  der  Wundinfectionskrankheiten,  1884;  Ges- 
SABD,  De  la  pyocyanie  et  de  son  microbe,  1882,  and  Ann.  de  I'lnstitut  Pasteur,  v., 
1891;  Neisser,  Deutsch.  med.  Wochenschr.,  1882  ;  Bumm,  Mikroorg.  d.  Gonorrhce., 
1885;  Adami  (B.  coli),  Brit.  Med.  Jour.,  1898,  ii.,  1215;  Huckel  (small-pox)i 
Ziegler's  Beitrage,  Supplemt.,   1898;   Poynton  and  Paine   (rheumatic  fever), 
Lancet,  ii.,  1900;  Sanabelli  (yellow  fever),  Ann.  de  I'Inst.  Pasteur,  xi.  and  xii.j 
1897-1898;  Davidson,  Allbutt's  Syst.  of  Med.,  ii.,  1897;  Pfbiffee  (influenza),' 
Deutsch.  med.  Wochenschr.,  1892;  Kitasato,  ibid.,  1892;  Klein,  Eep.  med.  Off. 
Loc.  Govmt.  Board,  1893;  Kitasato  (plague).  Lancet,  ii.,  1894;  Yersin,  Ann.  de 
rinst.  Pasteur,  viii.,  1894;  Gordon,  Lancet,  i.,  1899;  Eeport  Indian  Plague  Com- 
mission, 1900-1901 ;  Eeport  on  certain  cases  of  plague  occurring  in  Glas<^ow  in 
1900,  Med.  Oi3f.  of  Health ;  Bruce  (Malta  fever),  Practitioner,  xxxix.  and  xl.  •  Hotter 
Allbutt's  Syst.  of  Med.,  ii.,  1897;  Bollinger  (anthrax),  Ziemssen's  Encycl    iii  ' 
1875  ;  Koch,  Milzbrandimpfung,  1882;  Chauvbau,  Comptes  rendus,  xc.  to  xcvi.  i 
W.KocH,  Deutsch.  Chir.,  Lief.  9,  1886  ;  Eppinger,  Wien.  med.  Wochenschr.,  1888; 
i-ALTAUF,  Wien.  klin.  Wochenschr.,  1888  ;  Greenfield,  Quain'sDict.  of  Med.,  1894  ; 
■Martin  Eep.  Med.  Off.  Loc.  Govmt.  Board,  1890-1 ;  Lubaesch  (literature),  Lubarsch 
und  Ostertag,  Ergebnisse,  1900;  Pasteur  (malignant  oedema).  Bull.  Acad,  de  Med., 
1887;  KocH.Mitth.  a.  d.  k.  Gesundhtsamte.,  i. ;  Obermeier  (relapsing  fever), 
"eriin.  khn.  Wochenschr.,  1873;  Carter,  Lancet,  1879,  and  Spirillum  as  seen  in 
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Western  India,  1882;  Koch,  Deutsch.  med.  Wochenschr.,  187',);  Metchxucoi-k, 
Virch.  Arch.  cix. ;  Soodakewitch,  Ann.  de  I'Inst.  Pasteur,  v.,  1891 ;  Lamb  in 
Scientific  Memoirs  of  Medical  Officers  of  the  Army  of  India,  Part  xii.,  1901. 


III. -INFECTIVE  TUMOURS.     SPECIFIC  NEW-FORMATIONS. 

The  affections  in  this  group  show  in  their  structure  and  general 
relations  considerable  analogies  to  inflammation  on  the  one  hand  and 
tumours  proper  on  the  other.  Hence  the  conditions  are  variously 
called  Specific  Inflammations,  Specific  New-formations  or  Infective 
Tumours.  As  already  indicated,  the  expression  '  infective '  means  that 
the  disease  is  '  spreading,'  that  it  depends  on  some  virus  which  propa- 
gates itself,  and  tends  to  reproduce  the  same  kind  of  lesion  outside  its 
original  seat.  In  most  of  the  forms  of  disease  included  here,  the  exact 
nature  of  the  virus  has  been  made  out,  and  in  all  of  these  except  one  it 
is  found  to  be  a  microbe  in  the  form  of  a  short  rod-shaped  bacillus.  It 
may  perhaps  be  legitimately  inferred  that  in  the  rest  specific  microbes 
are  the  infective  agents.  Several  of  these  diseases  are  not  only  infec- 
tive but  infectious,  communicable,  that  is  to  say,  from  person  to  person ; 
some  are  capable  of  being  inoculated  into  animals. 

The  virus  has,  to  begin  with,  a  local  seat,  where  it  acts  in  a  concen- 
trated form,  inducing  new-formation  of  tissue  and  inflammatory 
phenomena.  The  new-formation  has  many  features  in  common  with 
that  of  inflammation,  but  it  has  also  certain  distinctive  or  specific 
features.  It  consists  chiefly  of  structures  analogous  to  granulation 
tissue,  not  simply,  as  in  inflammations,  replacing  a  part  of  the  normal 
tissue,  but  forming  more  or  less  independent  masses  which  resemble 
tumours.  Hence,  the  group  of  diseases  included  here  is  often 
designated  Granulation-tissue  tumours  or  Granulomata.  Outside 
these  more  specific  new-formations,  there  are  usually  the  ordinary 
lesions  of  inflammation,  the  virus  having  acted  in  a  less  concentrated 
form. 

But  the  tissue  of  the  tumours  presents  certain  differences  from  ordi- 
nary granulation  tissue,  chiefly  in  its  tendencies.  The  granulation 
cells  tend  to  undergo  fatty  degeneration  and  necrosis,  and  so  the  tissue 
may  become  caseous  or  break  down.  At  the  same  time  there  is  the 
more  normal  tendency  to  undergo  development  into  connective  tissue, 
and  this  may  go  on  in  an  imperfect  way  alongside  the  other  changes. 
Hence,  the  tumours  frequently  present  great  varieties  in  structure,  and 
it  is  sometimes  difficult  fully  to  uru'avel  their  relations. 


SYPHILIS. 


177 


I.— SYPHILIS. 

Causation. — This  disease  is  obviously  due  to  an  infective  agent. 
Lustgarten  has  described  a  bacillus  whose  connection  with  syphilis  still 
stands  in  need  of  proof.    He  has  found  it  in  the  secretions  and  in  the 
tissues  affected  with  syphilis.    It  is  a  rod-shaped  organism  somewhat 
resembling  the  tubercle  bacillus,  and  is  always  found  inside  cells.  It 
presents  peculiar  relations  to  staining  agents,  requiring  treatment  with 
gentian-violet,  permanganate  of  potassium,  and  sulphurous  acid.  The 
position  of  this  bacillus  is  doubtful,  on  the  one  hand  because  it  is  not 
found  constantly  in  syphilitic  lesions,  and  on  the  other  because  a 
similar  bacillus — the  smegma  bacillus — has  been  foimd  in  the  normal 
prajputial  and  vulvar  smegma.     More  recently  Van  Niessen  has  de- 
scribed and  figured  an  organism  which  he  classifies  along  with  the 
higher  bacteria,  and  Schiiller  has  found  in  syphilitic  lesions  of  all 
kinds  bodies  which  he  regards  as  animal  parasites.    The  observations 
of  both  still  stand  in  need  of  confirmation.    Syphilis  occurs  only  in  the 
human  subject,  being  transmitted  from  one  person  to  another  by 
contact. 

Primary  lesion.— The  contagium  is  usually  applied  to  some  part 
of  the  external  generative  organs,  but  it  may  be  appHed  elsewhere, 
as  to  the  finger  (in  the  case  of  a  surgeon  examining  a  part),  to  the 
hp,  to  the  eyelid  or  other  external  part.  After  a  period  of  incuba- 
tion, usually  extending  to  three  weeks  or  more,  it  begins  to  show 
signs  of  local  action.  This  is  in  the  form  of  a  papule  or  vesicle, 
which  acquires  a  hard  or  indurated  base,  and  so  takes  the  characters  of 
the  Indurated,  Hard  or  Hunterian  chancre.  This  consists  of  a  raised 
surface,  whose  base  has  a  hard,  almost  cartilaginous  feeling.  Examined 
microscopically  it  is  found  that  the  true  skin  is  entirely  replaced  by 
granulation  tissue,  which  forms  a  bulky  mass  of  round  cells  over  which 
the  epidermis  may  be  continued  or  may  be  removed  in  some  parts  (see 
^  ig.  55).  This  structure  may  be  regarded  as  inflammatory,  but  it  may 
also  be  regarded  as  a  kind  of  tumour,  and  may  be  taken  as  the  type  of 
tne  syphilitic  tumour.  ^ 

readtirr  '^'^'"f  '''''''''''      granulation  tissue,  does  not 

ondtion       n       "  T'""''         ^^"^^"^^  rudimentary 

On  tr'th     .    T  - '  '"'PP'^"  comparatively  little  cicatrix 

soreadilv    '  ^^"^  ^^is  does  not 

readily  occur  in  the  primary  lesion. 
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The  virus  is  carried  from  the  indurated  chancre  by  the  lymphatics, 
and  lodges  in  the  neighbouring  lymphatic  glands,  where  it  again 
produces  similar  results,  namely,  a  great  production  of  ill-formed 
granulation  tissue  which  has  little  tendency  to  develop  into  proper 
connective  tissue,  but  readily  undergoes  an  irregular  caseous  metamor- 
phosis.   The  glands  undergo  a  slow  enlargement  and  become  hard. 


Secondary  lesions.  These  are  due  to  the  fact  that  the  -varus  passes 
from  its  local  seat  into  the  blood.  This  it  eventually  does,  and  after 
an  interval  of  some  weeks  from  the  time  of  the  primary  lesion,  the 
so-called  secondary  lesions  develop. 

The  virus  probably  reaches  the  blood  directly  from  the  primary  chancre,  as  well 
as  by  the  lymphatics,  but  a  certain  period  of  time  is  necessary  before  it  reaches  the 
blood  in  sufficient  quantity  tb  produce  any  effect.  Lang  distinguishes  in  syphilis 
two  periods  of  incubation,  a  Hrst  incubation  extending  from  the  time  of  infection 
to  the  appearance  of  the  primary  lesion,  and  a  Second  incubation  between  the 
primary  and  the  secondary  lesions.  The  first  incubation  has,  according  to  the 
statements  in  recorded  cases,  a  minimum  duration  of  ten  days,  a  maximum  of 
forty-two  days,  and  an  average  of  twenty-four  days.  The  second  incubation  is 
longer,  having  a  minimum  of  eight  to  fourteen  days,  a  maximum  of  one  hundred 
and  fifty-nine  days,  and  an  average  of  six  to  twelve  weeks. 

By  some  it  is  believed  that  the  induration  of  the  primary  lesion  is  itself  due  to  a 
constitutional  infection,  and  they  cite  in  proof  of  this  the  fact  that  auto-inoculation, 
from  an  indurated  chancre,  is  rarely  successful,  that  is  to  say,  the  person  is  already 
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protected  by  the  primary  indurated  chancre  from  the  production  of  another  chancre 
by  inoculation.  It  is  to  be  observed,  however,  that  in  all  such  cases  the  original 
chancre  has  the  start  of  the  inoculation,  and  before  the  period  of  incubation  of  the 
inoculation  has  elapsed  there  may  be  time  for  the  blood  to  have  been  saturated 
with  the  virus.  It  is  admitted  that  auto-inoculation  is  possible  when  done  early 
enough.  It  seems  scarcely  possible  to  explain  the  second  incubation  except  on  the 
supposition  that  the  primary  lesion  is,  at  least  relatively,  a  local  manifestation. 

When  an  agent  exists  in  the  blood  in  a  finely  divided  state  it  will  be 
carried  to  all  parts  of  the  body,  and  if  it  produces  lesions  they  will 
probably  be  symmetrical,  as  the  corresponding  parts  in  each  lateral 
half  of  the  body  are  for  the  most  part  in  similar  circumstances,  and  are 
similarly  affected  by  any  agent  acting  equally  on  them.  The  existence 
of  symmetrical  lesions  is  presumptive  evidence  that  a  disease  is  due  to 
something  in  the  blood.  In  the  secondary  stage  of  syphilis  then  we 
have  the  virus  in  the  blood,  and  the  result  is  symmetrical  lesions  of  the 
skin,  mucous  membranes,  bones,  etc. 

These  secondary  lesions  are  inflammatoiy  in  character,  and  have 
generally  a  resemblance  to  those  of  ordinary  inflammations.  They  are 
most  frequent  in  the  sldn,  and  so  we  have  syphilitic  Eoseola,  Eczema, 
etc.,  but  other  parts  may  be  affected,  and  we  have  syphilitic  Periostitis, 
Pharyngitis,  etc.  It  is  a  question  to  what  extent  inflammations  occur 
in  internal  organs  in  this  stage;  according  to  Hutchinson  they  are 
more  frequent  than  is  generally  supposed,  but  are  rarely  seen  because 
persons  seldom  die  in  the  secondary  stage. 

The  secondary  stage  has  been  aptly  compared  with  the  eruptive 
stage  of  specific  fevers,  it  is  like  a  fever  long  drawn  out.  There  is 
in  both  eases  a  virus  in  the  blood,  and  in  syphilis  there  is  frequently 
elevation  of  temperature.  The  analogy  between  the  rash  of  secondary 
syphilis  and  that  of  measles,  scarlet  fever,  small-pox,  etc.,  is  also 
suggestive,  the  skin  affections  in  both  classes  of  cases  being  inflam-- 
matory.  During  this  stage,  then,  the  virus  is  active  in  the  blood,  and 
the  blood  and  secretions  are  contagious.  The  person  is  also  in  the 
position  of  transmitting  the  disease  to  the  offspring,  the  virus  passing 
into  the  germ  and  sperm  cells.  The  virus  dies  out  of  the  blood  spon- 
taneously, just  as  in  the  specific  fevers,  and  the  various  secondary 
lesions  disappear,  generally  in  six  to  eighteen  months. 

In  this  secondary  stage  it  is  not  common  to  meet  with  tumours  like 
the  indurated  chancre.  They  are  characteristic  rather  of  the  next 
stage,  and  when  they  do  occur  in  this  stage  they  are  small  and  accom- 
pamed  by  more  pronounced  inflammatory  manifestations. 

inlTS-"  '°       formation  of  granulation  tissue,  however,  is  often  seen 

mucoL       """i  membranes  during  the  secondary  stage  in  the  form  of 

C0U8  tubercles  or  flat  condylomata.    These  are  ilat  superficial  elevations  of  the 
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skin  or  mucous  membranes,  usually  met  with  near  the  external  organs  of  generation 
and  the  anus,  or  in  the  mouth  and  the  pharynx. 

Tertiary  lesions. — These  are  chiefly  charcacterized  by  the  formation 
of  tumours  to  which  the  name  Gummata  is  applied.  They  are 
composed  of  granulation  tissue,  like  the  indurated  chancre,  but  in 
them  the  process  is  much  more  chronic ;  and  the  tissue  has  a  much 
greater  tendency  to  undergo  caseous  necrosis ;  it  is  also  accompanied 
by  a  new-formation  of  connective  tissue. 


Fig.  50. — Gumma  of  heart. 


To  the  naked  eye  the  gunlma  is  a  whitish  or  greyish  body,  common  1\- 
with  a  yellow  caseous  appearance  in  its  central  parts,  or  irregularly 
distributed.  It  varies  in  size  ;  it  is  sometimes  as  small  as  a  millet  seed, 
in  which  case  it  is  usually  multiple,  but  it  is  generally  much  larger,  and 
may  attain  the  size  of  an  apple.  The  tumour  is  not  generally  sharply 
defined,  but  its  periphery  merges  in  a  lirm  connective  tissue  which 
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usually  extends  outwards  into  neighbouring  structures,  so  that  the 
tumour  appears  planted  in  the  midst  of  a  cicatrix.  In  Fig.  56  an 
extensive  gummatous  lesion  is  shown  in  the  wall  of  the  heart. 

Under  the  microscope  the 
tumour  will  be  found,  as  in 
Fig.  57,  to  replace  a  certain 
portion  of  the  normal  tissue. 
The  central  caseous  part  of 
the  lesion  will  be  opaque  as 
in  the  lower  part  of  the  figure. 
Externally  the  tissue  is  more 
transparent,  while  around 
and  in  neighbouring  parts  of 
the  organ  there  is  new-formed  :V'M- 


m 
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connective  tissue.  The  figure 
shows  further  the  replacement 
of  the  muscle  of  the  heart  by  Wi^0§r^!0 
a  vascular  granulation  tissue,  '  '  "'"-^f^^^ 
in  the  midst  of  which  arteries 
whose  calibre  is  much  nar- 
rowed are  depicted.  The 
caseous  parts  we  have  seen 
are  opaque  and  present  under 

higher  magnification  fine  fat     fffc'  ' "       " ' 

granules  with  shrunken  cells  T''  '''"^ 
and  nuclei.  Sii','::' 

The  tumours  are  met  with     /j;  '        ^  ^ 

in  almost  all  the  tissues  of     .-"r  >  < 

the  body,  skin,  mucous  mem- 
branes, subcutaneous  tissue, 
in  the  substance  of  muscles 
(as  in  the  tongue),  heart, 
periosteum,  liver,  dura  mater, 
soft  membranes  of  the  brain, 
cerebral  nerves,  etc.  The 
name  gumma  does  not  express 

V^iZ^^''^  ^^^^         fi-^  ^PPl^-^ 

situationTT' ^•^^"It^'  ^^-^-ding  to  the 

excrvat'   T        i  Ulceration  results,  and  we  have  a  deep 

xcavated  ulee,'  with  swollen  infiltrated  walls,  consisting  of  tissue  like 


m 


Fig. 
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that  of  the  gumma,  and  with  the  same  tendency  to  degeneration,  so 
that  the  ulceration  extends.  As  the  tumour  involves  neighbouring 
structures  which  undergo  necrosis  along  with  the  caseous  process  in  the 
tumour,  there  may  be  great  destruction  of  tissue  brought  about.  In 
internal  organs  the  caseous  material  may  long  lie  apparently  unaltered. 
The  gumma  may  be  -sartually  healed,  its  granulation  tissue  absorbed 
or  converted  into  connective  tissue,  while  the  caseous  matter  remains, 
and  is  finally  left  in  the  midst  of  a  cicatrix  where  it  maj'^  become 
calcified. 

We  have  still  to  inquire  what  may  be  the  relation  of  these  tertiary 
lesions  to  the  virus.  The  virus  no  longer  exists  in  the  blood,  and  in 
accordance  with  this  the  lesions  are  characteristically  unsymmetrical. 
The  most  probable  supposition  is  that,  after  the  close  of  the  secondary 
stage,  some  of  the  virus  has  remained  lying  in  a  particular  part. 
Perhaps  a  small  gumma  has  formed,  and  the  virus  has  lain  in  it 
quiescent  but  still  surviving.  It  may  be  waked  up  by  some  accidental' 
circumstance  in  the  life  of  the  patient,  at  any  period  afterwards, 
perhaps  as  long  as  twenty  years.  The  virus  propagates  itself,  but  its 
effects  are  local.  It  may  produce  a  tumour  of  large  size,  but  it  does 
not  pass  into  the  blood,  and  therefore  does  not  produce  the  lesions  of 
the  secondary  stage.  It  has  been  a  matter  of  dispute  whether  a  tertiary 
o-umma  is  an  infectious  lesion,  and  the  fact  that  the  blood  of  the  patient 
himself  does  not  become  infected  might  seem  to  answer  the  question  m 
the  negative.  It  is  to  be  remembered,  however,  that  the  aff'ected 
person  already  possesses  an  immunity  by  haAdng  passed  through  the 
secondary  stage.  The  gumma  is  probably  capable  of  producing  syphilis 
when  its  juices  are  brought  into  contact  with  the  tissues  of  a  sus- 
ceptible person. 

While  the  conditions  described  as  characteristic  of  the  tertiary  stage  usually 
succeed  those  of  the  secondary  period,  it  should  be  understood  that  there  are  great 
variations  both  in  degree  and  order  of  occurrence.  The  secondary  manifestations 
may  be  greatly  prolonged,  and  the  tertiary  may  develop  to  some  extent  coincidently. 
The  seat  of  the  tertiary  lesions  varies  very  greatly. 

The  tertiary  stage  of  syphilis  is  often  in  its  later  period  associated 
with  Waxy  or  Amyloid  disease.  This  may  be  due  in  some  cases  to 
chronic  suppurations  induced  by  the  specific  lesions,  but  the  observations 
of  Fagge  show  that  it  is  not  always  so.  Of  76  cases  of  amyloid  disease 
associated  with  syphilis  there  was  evidence  of  former  or  present  horn 
disease  only  in  34.  In  the  total  autopsies  in  cases  of  syphilis  over  a 
period  of  years,  amounting  to  177  cases,  amyloid  disease  Avas  present 
in  76  cases  or  43^  per  cent. 

The  absorption  of  a  gumma  may  be  promoted  by  the  administration  of  remedies. 
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The  exact  process  by  which  this  is  brought  about  is  hardly  known,  but  there  seems 
to  be  a  simple  fatty  degeneration  with  absorption,  in  a  way  indicated  in  trhe 
section  on  fatty  degeneration. 

Syphilis  is  often  associated  with  a  condition  of  the  arteries  which 
will  come  up  for  discussion  further  on.  Wherever  there  is,  as  so 
frequently  happens,  a  considerable  formation  of  granulation  tissue 
passing  into  connective  tissue,  the  arteries  take  part  in  the  inflamma- 
tion, and  we  have,  especially,  thickening  of  the  internal  coat  sometimes 
going  on  to  complete  obliteration  of  the  calibre  of  the  vessel.  (See 
Figs.  58  and  59.)  This  is  sometimes  very  strikingly  seen  in  the 
neighboiu-hood  of  gummata  (see  Fig.  57),  and  by  diminishing  the 


blood-supply,  it  may  contribute  to  the  degeneration  of  the  gumma. 
It  may  also  lead  to  degenerations  in  parts  around,  as  where  softening 
of  the  brain  occurs  in  connection  wth  gummata. 

Hereditary  syphilis.-We  have  already  seen  that  syphilis,  in  the 
secondary  stage  at  least,  may  be  transmitted  to  the  offspring  In  the 
acute  period  death  often  occurs  in  utero,  or  the  child  sickens  soon  after 
birth  and  dies  within  a  few  weeks.  But  it  often  happens  that  the 
children  do  not  show  any  evidence  of  syphilis  for  months  or  years.  In 
this  way  we  may  distinguish  cases  of  congenital  syphilis  from  cases  of 
tnple  hereditary  syphilis,  the  former  being  born  with  syphilitic 
lesions,  the  latter  developing  them  afterwards 

In  Congenital  syphilis  the  most  constant  and  unequivocal  lesion  is 
attection  ot  the  bones,  which  will  be  considered  afterwards.  In 
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this  condition  there  is  an  error  in  the  process  of  ossification,  Avith 
infiammatory  conditions.  Not  infrequently  the  Liver  is  the  seat  of 
changes,  chiefly  in  the  form  of  diffuse  cellular  infiltrations  going  on  to 


Fig.  59. — Syphilitic  endarteritis.    The  thickening  of  the  interna  and  the  extension 
of  the  brain  substance  are  clearly  shown,    x  50. 

the  formation  of  fibrous  tissue.  (See  under  Liver.)  The  new-formed 
fibrous  tissue  insinuates  itself  between  the  hepatic  cells,  separating 
them  from  each  other  in  small  groups  as  shown  in  Fig.  60.  The  Lung 
also  may  be  similarly  affected.  There  is  a  marked  increase,  over  a 
larger  or  smaller  area,  of  the  interalveolar  connective  tissue,  with 
consequent  consolidation.  Proliferation  and  desquamation  of  the 
alveolar  epithelium  is  common  (see  Fig.  61).  The  term  White 
Pneumonia  is  sometimes  applied  to  the  condition,  the  lung  being 
firm,  heavy,  and  of  a  whitish-grey  colour. 

In  Hereditary  syphilis  the  lesions  are,  like  those  of  the  secondary 
stage,  mainly  inflammatory.    There  are  inflammations  of  the  sldn, 
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mucous  membranes,  coruea,  etc.    The  characteristic  malformation  of 


Pig.  00.— Congenitivl  syphilitic  cirrhosis  o£  liver,    x  400. 

the  teeth  which  Hutchinson  has  pointed  out  seems  related  to  inflam- 


Fig.  Ol.-Coiigonit.ll  syphUitic  interstitial  pneumonia.  x300. 

^the  teet?'  ^nembrane  of  the  gums  during  the  development 
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Literature.— The  author,  in  describing  the  general  pathology  of  syphilis,  has 
followed  chiefly  Hutchinson  and  Virchow.  Hutchinson,  On  Syphilis,  1887,  and 
i>ebate  on  Syphilis,  Path,  trans.,  vol.  xxvii.,  1876;  see  also  other  speakers  in  this 
debate;  Virchow,  Krankhafte  Geschwulste,  ii.,  p.  393;  Lang,  Path,  und  Therap. 
der  Syphilis,  189(),  also  articles  with  literature  in  Twentieth  Cent.  Pract.  of  Med., 
1899,  and  Lubarsch  und  Ostertag's  Ergebnisse,  1900 ;  Eicord,  Trait6  prat,  des 
malad.  v6n.,  1838;  Lancereaux,  Traits  hist,  et  pratique  de  la  syphilis,  18(56; 
Hjlton  Fagge,  Medicine,  vol.  i.,  p.  109,  and  Path,  trans.,  vol.  xxvii. ;  Kassowitz, 
Die  Verorbung  der  Syphihs  in  Strieker's  Med.  Jahrb.,  1875,  p.  359;  Fournier, 
LcQons  sur  la  syphihs,  1881 ;  Van  Harlingen,  International  Encycl.  of  Surgeiy, 
vol.  ii.,  1882.  Bacillus  of  Syphilis— Lvstgarteth,  Med.  Jahrb.  d.  Wien.  Gesellseh. 
der  Aerzte,  1885;  Bitter,  Virchow's  Arch.,  cvi.,  188f5  ;  Van  Niessen,  Centralb.  f. 
Bact.,  xxiii.,  49,  1898;  ScniiLLER,  ibid.,  xxxii.,  1902. 

Framboesia  or  Yaws  is  a  disease  which  has  many  analogies  with 
syphilis.    It  will  be  considered  under  Diseases  of  the  skin. 


II.— TUBERCULOSIS. 

Tuberculosis  is  an  infective  disease  in  which  the  tissue-changes  are 
due  to  the  action  of  a  specific  virus  or  infective  agent.  As  in  the  case 
of  syphilis  there  is  always  a  local  or  primary  lesion,  but  the  infective 
agent  does  not  usually  extend  to  the  blood  and  infect  distant  parts  of 
the  body.  On  the  other  hand,  the  local  lesion  is,  for  the  most  part,  a 
constantly  extending  one,  infecting  neighbouring  parts  till  the  death  of 
the  person,  which  is  usually  brought  about,  directly  or  indirectly,  by 
the  tubercular  process. 

Causation. — While  tuberculosis  is  due  to  a  specific  Adrus — the 
tubercle  bacillus — there  are  undoubtedly  conditions  of  the  body  which 
predispose  certain  persons  to  its  action.  Considering  that  this  Adrus 
is  very  largely  present  in  nearly  all  inhabited  places,  it  must  lie 
apparent  that  most  people  are  exposed  to  its  action,  and  yet  only  a 
limited  number  of  persons  become  aifected.  The  predisposition  is 
frequently  the  result  of  inheritance.  It  has  been  abundantly  proved 
to  be  so  in  the  case  of  the  commonest  form  of  tuberculosis,  namely, 
that  of  the  lungs,  but  not  so  obviously  in  other  forms.  Inheritance 
determines  a  local  predisposition  usually  in  one  organ  or  system  (vide 
ante),  but  when  a  tuberculosis  is  once  established  in  the  body  it  is  not 
uncommon  to  find  it  extend  by  one  path  or  other  to  other  organs, 
even  without  there  being  evidence  of  a  general  extension  by  the 
blood. 

The  bacillus  is  present  in  somewhat  varying  degrees  of  abundance  rii 
different  tubercular  lesions,  but  it  has  l)een  met  with  in  all  forms  of 
tuberculosis.  The  connection  of  the  l)acillus  with  tuberculosis  and 
the  essential  identity  of  the  various  forms  of  the  disease  have  been 
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proved  by  the  cultivation  of  the  microbe  outside  the  body,  and  by  the 
results  obtained  by  inoculating  the  cultivated  products. 

Bacillus  tuberculosis. — The  great  frequency  of  tuberculosis  both 
in  man  and  animals  renders  the  discovery  of  the  bacillus  by  Koch  one 
of  the  most  important  results  of  science  in  this  century.  The  merit 
of  this  discovery  is  the  greater  as  the  tubercle  bacillus  is  peculiarly 
difficult  both  to  observe  in  its  usual  seats  and  to  cultivate.  Hence 
special  methods  of  staining  and  special  culture  media  are  employed. 

The  bacillus  is  a  thin,  rod-shaped  cell,  rather  shorter  than  the 
diameter  of  a  red  corpuscle.  It  is  often  slightly  curved.  (See  Fig. 
62.)    The  bacilli  are  mostly  single,  but  occasionally  in  pairs  attached 
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Fig.  02.— Tubercle  bacillus  from  sputum  in  phthisis  pulmoimlis.  ■  x  1500. 

so  as  to  form  an  angle,  more  rarely  in  longer  threads.  They  do  not 
possess  power  of  movement.  They  usually  present  a  beaded  appear- 
ance, and  the  beads  have  sometimes  been  regarded  as  spores.  The 
remarkable  persistence  of  the  tubercle  bacillus,  and  the  manner  in 
which  it  retains  its  infective  powers  when  dried  or  when  kept  in 
putrid  fluids,  indicate  that  it  is  capable  of  offering  considerable 
resistance  to  external  influences,  though  whether  this  be  in  the  form 
of  spores  or  not  is  not  definitely  known.  While  these  are  the  more 
common  morphological  characters  of  the  bacillus  occasionally  devia- 
tions m  form  are  observed.  Large  filaments  mth  clubbed  extremities, 
branched  filaments,  and  forms  resembling  those  of  the  actinomyces  are 
found  under  certain  circumstances.  These  are  probably  not  to  be 
interpreted  as  degeueration-or  involution -forms,  but  rather  to  be 

aken  as  evidence  that  the  bacillus  belongs  to  the  class  of  higher 
bacteria,  and  is  closely  allied  to  the  streptothricea^. 

In  artificial  cultures  the  bacillus  is  very  slow  of  growth  and  difficult 

>i  cultivation.    Recently  it  has  been  proved  that  these  difficulties  may 
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be  overcome  if  the  microbe  is  previously  cultivated  in  some  modified 
medium  or  grown  in  the  bodies  of  certain  amphibia.  The  best  medium 
IS  solidified  blood  serum,  but  agar  may  be  made  available  for  the 
cultui-e  by  the  addition  of  6  to  8  per  cent,  of  glycerin  (Nocard  and 
Roux).  The  bacilli  require  for  their  growth  a  temperature  above  30° 
and  under  42°  C,  and  the  best  is  near  the  temperature  of  the  l)ody, 

namely,  37-5°  C.  In  about  ten 
to  fourteen  days  after  implanta- 
tion the  growth  first  appears  as 
dry  whitish  scales,  which  are 
entirely  superficial.  Under  the 
microscope  the  scales  are  seen  to 
be  composed  of  colonies  of  bacilH, 
which  from  their  arrangement, 
form  curved  lines,  some  of  them 
like  the  letter  S  (see  Fig.  63). 
The  growth  goes  on  for  three  or 
gr^h.s''^'>r'roo'^"'^'^  i^aciiii,  fovmiiig  typical  four  wceks,  and  remains  super- 
ficial all  the  time.  The  culture 
may  be  propagated  through  many  generations,  the  bacilli  retaimng 
their  morphological  and  pathogenic  characters.  Sunlight  is  very 
inimical  to  the  bacilli.  Dii'ect  sunlight  kills  cultures  in  a  few 
minutes,  and  even  diffused  daylight  destroys  them  in  a  few  days. 

The  tubercle-bacillus,  as  we  have  seen,  grows  slowly  and  only  at  a 
temperature  approaching  to  that  of  the  living  body.  We  may  there- 
fore infer  that  it  does  not  to  any  appreciable  extent  multiply  except 
in  the  body,  as  the  conditions  will  seldom  be  favourable,  as  regards 
soil  and  temperature,  unless  these  are  carefully  arranged  for  experi- 
mental purposes.  On  the  other  hand,  the  bacilli  are  very  resistant 
to  external  influences,  so  that  they  retain  their  vitality  under  adverse 
circumstances,  and  are  ready  to  begin  growth  when  they  obtain  a 
suitable  nidus.  The  bacilli  and  spores  survive  even  when  dried,  and 
they  may  be  suspended  in  the  air  and  carried  as  dust,  ready  to  deposit 
on  surfaces  or  to  be  inhaled  during  respiration.  Tuberculosis  is  not 
commonly  produced  by  direct  communication  by  contact  between 
person  and  pei'son,  in  this  respect  contrasting  with  syphilis. 

In  man  the  bacilli  are  introduced  accidentally  by  inhalation,  by  the 
food,  or  by  inoculation.  When  they  attack  the  skin  they  produce 
lupus  or  scrofuloderma,  and  Avhen  they  aftect  the  lungs,  phthisis 
pulmonalis;  when  introduced  with  the  food  they  i-arely  att'cct  the 
intestinal  canal,  but  are  usually  carried  to  the  lymphatic  glands, 
where  they  produce  tuberculosis.    According  to  Cornet  the  tubercle- 
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bacillus  is  not  commonly  present  in  the  dust  of  dwellings,  but  is 
present  when  the  expectoration  of  consumptives  is  allowed  to  dry  and 
become  pulverized  on  the  floor  or  in  handkerchiefs. 

Tuberculosis  is  producible  in  animals  by  administering  either  the 
products  of  disease  (such  as  dry  sputum  or  portions  of  caseous 
matter)  or  cultures.  It  has  been  induced  by  inoculation  under  the 
skin  or  into  the  anterior  chamber  of  the  eye,  by  injection  into  the 
serous  cavities  or  into  the  veins,  by  inhalation  and  by  ingestion  wth 
the  food.  Except  when  directly  introduced  into  the  blood,  there  is 
first  a  local  tuberculosis,  which  may  be  followed  by  a  generalization 
of  the  disease.  It  has  been  shown  that  the  injection  of  even  dead 
bacilli  in  sufficient  numbers  will  induce  tubercle-like  nodules  in  the 
tissues,  slight  caseation  of  the  lesions,  and  by  general  weakness  and 
emaciation  lead  to  death,  the  dead  bodies  of  the  bacilli  containino- 
evidently  within  them  a  poison  similar  to  that  which  they  elaborate 
during  life. 

The  bacilli  produce  their  results  mainly  by  means  of  irritant  pro- 
ducts which  they  evolve.  These  products  are  present  in  cultures  of 
the  bacillus,  and  are  separable  from  the  microbe  itself.  The  so-called 
tuberculin,  which  Koch  first  introduced  for  the  treatment  of  tuber- 
culosis, IS  a  glycerin  extract  of  such  cultures.  It  is  an  exceedingly 
active  agent,  an  extraordinarily  minute  dose  introduced  hypodermically 
inducing  serious  general  symptoms. 

thriJ^.^^ilTr  ^""'^  ^^-^^"^^  °f  ^  fl-^id  which  has  been 

thnee  dnnted  to  the  extent  of  10  times.     The  gramme  thus  contains  w!!  of  a 
gramme  of  the  or.gmal  fluid,  or  about  ,V  of  a  minim.    Koch  calculates "ratlhe 
ongmal  fluid  contains  about  1  per  cent,  of  the  essential  princinle  anrtl! 
nmm  dose  will  therefore  contain  of  essential  plc^r^r  ;C  of^ 

Such  a  small  quantity  as  this,  in  a  person  who  is  already  tubercul7u7  often  send; 
the  temperature  up  rapidly  and  produces  marked  local  disturbance 

These  products,  evolved  by  the  bacilli  in  the  living  body  have 
somewhat  varying  effects.    The  resulting  lesions  are  in  part  speciJ 

results  of  oidinary  inflammation.    These  two,  the  more  specific  and 

The  most  direct  proof  consist  dTn  2  ,  .  ^  '^'''""'^  °^  micro-organism. 
Of  tubercular  mLriall  a^^^^^^  tuberculosis  by  the  inoculation 

1B05,  and  was  repral"  TnCd  uJZ^  demonstrated  by  Villemin  in 
mentioned  Lebert,  WaldenbnrrKr.     n  ■         observers,  among  whom  may  be 

discovery  of  the  haZ^ns  Z  'Sl    Tut'  ^'^P"""'  '^^^-^ 

m  1882.   1  uberculosis  may  be  readily  produced  in  animals. 
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and  the  material  used  may  be  tubercular  products  obtained  from  post-mortem 
examinations  or  otherwise,  the  sputum  of  patients  suffering  from  phthisis  pulmon- 
alis,  or  artificial  cultures  of  the  bacillus.  The  disease  has  been  induced  by  inocula- 
tion (Cohnheim,  Koch,  Baumgarten),  by  inhalation  (Tappeiner),  and  by  feeding 
(Wesener,  Bollinger). 

As  an  example  of  the  mode  of  inoculation  and  its  results  we  quote  the  following 
from  Koch's  work  on  the  Etiology  of  Tuberculosis  (Sydenham  Society's  translation, 
1886).  It  recounts  the  effects  of  inoculating  fragments  of  tissue  from  various 
organs  in  cases  of  human  tuberculosis,  such  as  from  the  lungs  in  phthisis,  from 
strumous  joints,  scrofulous  glands,  lupus,  and  from  tuberculosis  in  various 
animals. 

' '  The  inoculation  was  effected  by  making  a  small  incision  in  the  abdominal  wall 
of  a  guinea-pig  with  the  scissors,  inserting  the  point  of  the  scissors  to  form  a 
pocket-like  subcutaneous  wound,  about  half  a  centimetre  deep.  Into  this  little 
pocket  a  fragment  of  the  inoculation  substance  about  the  size  of  a  millet  or 
mustard-seed  was  pushed  as  deeply  as  possible.  On  the  following  day  the  inocula- 
tion wound  was  always  united,  glued  together,  and  showed  no  reaction.  Generally 
it  was  not  till  after  a  couple  of  weeks  that  a  visible  swelling  of  the  lymphatic  glands 
next  the  seat  of  inoculation  occurred,  usually  the  inguinal  glands  on  one  side,  and 
at  the  same  time  induration  and  the  development  of  a  nodule  took  place  in  the 
inoculation  wound,  which  up  till  then  had  remained  perfectly  healed.  After  this 
the  lymphatic  glands  enlarged  rapidly,  frequently  to  the  size  of  a  hazel-nut.  The 
nodule  at  the  seat  of  inoculation  then  generally  broke  and  became  covered  with  a 
■dry  crust,  beneath  which  was  a  flat  ulcer  with  a  cheesy  floor  discharging  very 
slightly.  The  animals  began  to  lose  flesh  about  this  time,  their  coat  became 
bristly,  dyspnoea  set  in,  and  they  died  generally  between  the  fourth  and  eighth 
weeks,  or  they  were  killed  within  the  same  space  of  time." 

Tuberculosis  has  been  induced  or  observed  in  nearly  aU  the  commoner  warm- 
hlooded  animals,  and  according  to  Koch  no  bird  or  mammal  is  capable  of 
permanently  resisting  infection.  Animals  show,  however,  very  different  degrees 
of  susceptibiHty,  and  in  similar  degrees  they  are  variously  liable  to  spontaneous 
tuberculosis.  Babbits,  guinea-pigs,  cattle,  and  apes  are  peculiarly  susceptible. 
■Carnivorous  animals  are  much  less  so,  but,  according  to  M'Fadyean,  spontaneous 
tuberculosis  is  more  common  in  dogs  than  is  commonly  supposed.  In  any  given 
•class  of  animals  the  individuals  show  varying  susceptibihty  just  as  in  the  case 
■of  man. 

The  infective  character  of  tuberculosis  is  also  to  be  inferred  from  the  spreadmg 
•character  of  the  lesion,  to  be  now  described. 

Contagiousness  of  tuberculosis.— As  the  tubercle-bacillus  from  its 
mode  of  growth  is  propagated  only  in  the  animal  body,  except  as  a 
laboratory  experiment,  the  disease  must  be  contracted  more  or  less 
dii'ectly  by  contagion.  According  to  Cornet,  as  we  have  seen,  the 
great  source  of  contagion  is  the  dust  formed  when  tuberculous  pro- 
ducts, and  especially  the  sputum  of  phthisical  persons,  is  allowed  to 
become  dry  and  is  pulverized.  This  author  asserts  that  even  strong 
persons  are  susceptible  when  exposed  to  such  dust.  It  is  thus  by  an 
intermediate  process  that  infection  usually  occurs.  Dn-ect  nifection  is 
rare     One  of  the  most  obvious  cases  of  the  latter  is  afforded  by  the 
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chronic  thickenings  or  warts  to  which  pathologists  are  liable  from 
infection  at  post-mortem  examination^ 

It  is  apparent  that  if  the  bacillus  could  be  entirely  got  rid  of  in  the  community 
the  disease  would  necessarily  cease.  This  can  only  be  effected  by  a  system  of 
isolation  along  with  disinfection  of  discharges.  The  facts  that  about  one-seventh 
of  the  deaths  in  the  community  are  due  to  tuberculosis,  and  that  probably  not  less 
than  one-half  of  the  persons  born  are  fated  to  acquire  the  disease  in  some  form, 
ought  surely  to  justify  such  precautions.  In  this  connection  it  is  of  importance  to 
note  that  leprosy,  under  a  system  of  rigid  isolation,  almost  disappeared  from 
Europe,  and  this  surely  affords  a  presumption  in  favour  of  similar  precautions  in 
the  case  of  tuberculosis,  which  however  can  be  carried  out  without  any  such  cruel 
seclusion  as  in  the  case  of  lepers. 

Inheritance  of  tuberculosis.— While  inheritance  plays  a  very  im- 
portant part  in  the  predisposition  to  tuberculosis,  it  has  not  yet  been 


Fio.  64.-Tubercle.s  from  a  case  of  tubo^lsis  of  the  tongue  in  a  child,    x  45. 

proved  that,  in  man,  tuberculosis  is  ever  communicated  from  parent 
to  ofFspnng,  although  there  are  a  few  cases  recorded  in  infantslhLh 

bacilli  do  not  readily  pass  through  membranes.   Johne  has  recorded 

was  s itu"  d   nT  r  ^"  ^he  tuberculosis 

nf  ct  on  ti   K      k'T  P''*'^'  '^"^^  ^-°"^hial  glands,  the 
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Character  of  the  lesion.— The  typical  lesion  in  tul)erculosis  is  the 
so-called  miliary  tubercle,  and  it  is  this  which  was  referred  to  above 
as  being  the  specific  product  of  the  action  of  the  virus. 

The  miliary  tubercle  is  a  minute  rounded  body  (Figs.  64  and  65) 
composed  of  cells  and  devoid  of  blood-vessels.  A  single  tubercle  is 
scarcely  visible  to  the  naked  eye,  but,  by  the  confluence  of  several, 
there  may  be  larger  nodules  formed,  and  even,  by  the  concurrence  of 
vast  numbers  in  successive  generations,  large  masses.  At  first  sight  the 
tubercle  seems  composed  simply  of  round  cells,  but  closer  inspection 
shows  usually  three  forms  of  cells  to  be  present.    The  most  peculiar 


Fig.  65. — Tubercle  more  highly  maguified  showing  constituents.  A  giaut-cell  is  in 
the  middle,  and  a  smaller  one  lower  down.  Epithelioid  cells  fonn  the  rest  of  tlie 
tubercle  except  at  the  margins,  where  round  cells  are  present. 


and  typical  is  the  Giant-cell,  which  in  the  early  stages  is  nearly  a  con- 
stant constituent.  It  is  a  large  body  (seen  in  the  middle  in  Fig.  65) 
presenting  at  its  margin  radiating  processes,  especially  at  its  poles, 
and  containing  numerous  oval  nuclei,  usually  arranged  in  a  row  near 
the  periphery  of  the  cell.  The  giant-cell  is  generally  near  the  centre 
of  the  tubercle,  but  may  be  considerably  removed  from  this  position. 
There  are  frequently  several  in  one  tubercle  (see  Figs.  64,  65,  and  66). 
The  second  constituents,  the  so-called  Epithelioid  cells,  are  smaller  than 
the  giant-cells  and  possess  one  nucleus,  but  are  still  of  considerable 
size.  They  are  similar  in  form  and  origin  to  the  formative  cells  in  the 
inflammatory  new-formation.  They  surround  the  giant-cell,  and  in 
their  general  appearance  somewhat  resemble  it.  Ordinary  round  cells 
form  the  third  constituents,  and  they  are  variously  al)undant  according 
to  circumstances.  They  are  chiefly  lymphocytes  with  nuclei  which 
stain  deeply;  among  them  polymorphonuclear  leucocytes  are  visible. 
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The  round  cells  are  present  at  first  at  the  periphery,  and  may  be 
regarded  as  representing  the  ordinary  inflammatory  products,  which 
are  commonly  seen  in  the  tissue  around.  The  giant-cells  and  epithelioid 
cells  seem  to  be  the  essential  constituents  of  tubercles,  and  in  perfectly 


Fig.  60.— A  tubercle  from  the  synovial  membrane  with  two  giant-cells,    x  120. 


recent  examples  they  may  be  almost  the  only  ones.  They  are, 
according  to  Baumgarten,  the  immediate  products  of  the  action  of  the 
tubercle  bacilli,  the  round  cells  being  the  ordinary  result  of  inflam- 
mation. 

Baumgarten,  from  a  very  elaborate  series  of  experimental  studies,  has  described 
the  Ongm  of  the  various  constituents  of  the  tubercle,  and  their  relation  to  the 
bacilh  When  bacilli  invade  a  tissue  the  fixed  cells  of  the  tissue,  those  of 
epithelmm  as  well  as  the  connective  tissue,  first  show  evidences  of  change.  Thev 
are  induced  to  proliferate  by  the  bacilli  which  may  be  in  their  substance  or  in  the 
neighbourhood  The  nuclei  of  these  cells  show  karyokinetic  figures,  and  both 
SssulT  T  '"P''^''^'^^  ^-e^^lt  from  the  changes  in  the  fixed  ceUs  of  the 
divTl;  1  °*        ^'^""'-'^^^  'ii^i^i"^  Boes  on,  but  the  cell 

thi  2.       "  ^         °*  ^^^«st  of  development.  By 

and  IZTv  ^'"""f'^  '"^^'^'=1^  ^vhich  is  composed  entirely  of  giant-cells 

^UB  1 ,  r  'neighbouring  blood-vessels  are  affected  by  the 

at  first  1,  emigration  of  leucocytes  occurs.    The  leucocvtes  are 

outside  the  large-celled  tubercle,  but  penetrate  into  it,  and  may  convert 
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it  into  a  small-celled  or  lymphoid  tubercle.  This  transformation  may  be  rapid 
or  slow,  its  course  depending  on  the  number  and  energy  of  the  bacilli.  If  the 
latter  are  abundant  and  vigorously  propagating,  or  if  they  are  accompanied  by 
other  foreign  microbes,  then  the  production  of  leucocytes  may  be  very  great, 
and  the  tubercles  rapidly  pass  into  the  small-celled  condition.  This  may  occur 
so  rapidly  that  the  large-celled  condition  may  be  almost  omitted.  Hence  it  is 
where  the  bacilli  are  comparatively  few  and  the  cultivation  pure  that  the  large- 
celled  non-inflammatory  tubercle  is  most  typically  seen. 

Bodies  having  a  structure  similar  to  that  of  tubercles  may  be  produced  by  the 
presence  of  small  foreign  bodies  (rabbit  hairs,  Baumgarten ;  particles  of  stone, 
Hamilton),  but  in  all  such  cases  the  lesions  have  not  an  infective  character. 
A  more  near  approach  to  the  true  tubercle  is  met  with  in  Actinomycosis,  where 
the  presence  of  a  microbe  has  the  effect  of  producing  results  not  unlike  those 
of  tuberculosis  (see  Actinomycosis). 

The  typical  tubercle,  as  here  described,  is  not  infrequently  difficult 
of  recognition  in  actual  cases.  Inflammatory  processes  occurring 
around  and  invading  it,  obscure  its  structure,  and  the  tubercle  itself 
is  prone  to  degenerative  changes. 

Caseous  necrosis  or  Caseation  is  the  most  characteristic  change  in 
tuberculosis.    This  change  consists  in  necrosis  with  fatty  degeneration 


Fig.  ar.-CaseouB  tubercle  in  spleen.    The  opaque  s^uctureless  material  is  seen  in 
the  centre  of  the  figure,    x  io. 

Of  the  structures  (see  Retrograde  changes).  It  manifests  itself  in  a 
granular  condition  of  the  cells,  whose  nuclei  disappear  The  result 
fs  an  obscuration  of  the  structure,  and  the  replacement  of  it  by  a 
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homogeneous  structureless  and  somewhat  opaque  material.  This 
change  usually  begins  in  the  central  parts  of  the  tubercles,  it  may 
be  in  the  giant  cell,  and  produces  an  opacity  there,  but  it  is  liable  to 
overtake  the  whole  structure  (see  Fig.  67).  Indeed,  it  extends  to 
the  parts  around,  so  that  the  tissue  which  is  merely  infiltrated  with 
inflammatory  products  is  frequently  involved  in  the  caseation.  Hence, 
when  the  process  has  overtaken  a  considerable  portion  of  tissue,  the 
structure  may  be  much  obscured.  This  process  in  the  rapidity  and 
completeness  of  its  occurrence  depends  on  the  abundance  and  vigour  of 
the  bacilli.  Where  they  are  numerous,  and  where  consequently  there 
is  much  infiltration  with  leucocytes,  caseation  is  rapid  (Baumgarten). 
The  caseous  material  so  produced  is  a  yellow,  brittle  substance,  which 
resembles  cheese  in  its  appearance.  So  characteristic  is  this  result  of 
tuberculosis  that  caseation  is  almost  equivalent  to  the  older  term 
Tuberculization,  and  caseous  matter  to  Crude  or  Yellow  tubercle. 

In  very  acute  cases  we  may  have  an  approach  to  ordinary  necrosis 
or  sloughing,  or  at  least  an  acute  softening. 

The  process  of  caseation  is  to  be  related  to  the  action  of  the  virus.  It  is  a 
necrosis  due  to  the  toxic  action.  Some  have  endeavoured  to  account  for  the 
caseation  by  the  absence  of  vessels  in  the  tubercles.  But  much  larger  pieces 
of  matter  may  be  kept  alive  in  the  body  without  the  intervention  of  vessels, 
such  as  free  bodies  in  the  joints  or  abdomen.  Besides,  the  caseation  extends 
beyond  the  tubercles  to  the  tissue  around,  which  is  vascular. 

Fibrous  transformation  is  a  much  more  unusual  change  in  tubercles, 
and  occurs  only  where  the  process  is  very  chronic  and  the  bacilli  very 
few.  While  some  tubercles  undergo  caseation,  others,  and  along  vnth 
them  the  surrounding  tissue,  develop  fibrous  tissue,  like  that  in  chronic 
inflammation. 

Softening  is  the  usual  result  of  caseation.  The  caseous  matter, 
although  it  may  remain  for  a  time  unaltered,  in  most  cases  ultimately 
liquefies  or  breaks  down.  The  result  is  the  formation  of  a  Cavity  or 
Ulcer  (see  Tubercular  Ulceration  of  Intestine).  It  is  to  be  remembered 
that,  as  the  caseation  involves  not  only  the  tubercles  but  the  surrounding 
tissue,  the  cavity  or  ulcer  is  associated  with  an  absolute  loss  of  tissue. 
The  walls  of  the  ulcer  are  tubercular,  and  the  disease  usually  continues 
advancing,  so  that  the  ulcer  or  cavity  enlarges. 

On  the  other  hand,  the  caseous  matter  may  accumulate  Avithout 
softening,  and  we  may  have  considerable  masses  of  it,  such  as  we 
find  m  the  brain  in  the  form  of  the  tubercular  tumour  or  scrofulous 
tubercle  and  in  the  lymphatic  glands.  In  course  of  time  the 
caseous  matter  may  be  partly  absorbed,  or  may  undergo  Calcareous 
mfaltration  (see  Fig.  68). 
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Scrofula  and  Struma. — These  terms  are  used  to  designate  conditions  of  the' 
lymphatic  glands,  which   are   now  generally  recognized  as  tubercular.  They 
will  be  described  in  their  proper  places.    The  terms  have  been  somewhat 
indefinitely  extended  so  as  to  include  affections  of  joints,  bone,  skin,  and  other 
structures,  but  such  affections  are  nearly  all  really  tubercular. 

Local  Tuberculosis. — We  have  already  seen  that  tuberculosis  is 
always,  to  begin  with,  a  local  affection,  due  to  the  implantation  of 
bacilli  in  the  living  tissue,  and  it  may  be  added  that,  even-  when  it 
becomes  generalized,  the  secondary  lesions  are  due  to  the  multipli- 
cation of  bacilli  transplanted  from  the  primary  seat,  the  growth  of 


Fig.  es.— Caseous  and  cretaceous  masses  in  apex  of  lung. 

the  microbe  occurring  not  in  the  blood  but  in  the  local  seat.  Hence 
the  description  already  given  applies  to  the  local  process  however 
originating. 

The  bacillus  finds  access  to  the  body  by  various  channels.  The 
most  common  seats  of  tuberculosis  are  in  direct  communication  with 
the  surfaces  of  the  body.  The  commonest  seat  of  all  is  the  Lungs,  and 
entrance  is  here  obtained  with  the  inspired  air  (see  Fig  69).  Next 
to  the  lungs  the  Lymphatic  glands  are  most  frequently  affected,  and 
in  the  case  of  children  they  are  perhaps  more  frequently  the  seat  of 
tuberculosis  than  the  lungs.  The  lymphatic  glands  which  are  attacked 
are  in  communication  either  with  the  skin  or  a  mucous  membrane,  and 
there  are  frequently  catarrhs  or  other  forms  of  inflammation  m  the 
tissue  with  which  the  affected  glands  are  related.  The  bacilli  may, 
however,  find  their  way  from  surfaces  which  are  unaltered.  The 
glands  most  frequently  affected  are  those  of  the  neck,  communicating 
with  the  mouth;  of  the  bronchi,  communicating  with  the  lungs;  and 
of  the  mesentery,  communicating  with  the  intestines.  The  skin  may 
be  directly  attacked  by  tuberculosis,  the  resulting  conditions  being 
described  as  Lupus,  Scrofuloderma,  Post-mortem  wart,  etc. 
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AVhile  these  more  direct  modes  of  entrance  obtain  in  the  majority 
of  cases,  there  remain  a  large  number  in  which  the  access  is  more 
circuitous.  In  some  of  these  the  tuljerculosis  is  due  to  a  secondary 
extension  from  a  tubercular  lymphatic  gland.  It  is  thus  that  many 
cases  of  tuberculosis  of  Serous  membranes  arise.  But  in  a  consider- 
able number  of  cases,  the  bacilli  can  only  have  found  access  by  the 
blood.  The  blood  is  not  infrequently  the  vehicle  by  which  small 
solid  particles  are  conveyed,  and  we  may  suppose  that  a  few  bacilli 


Fig.  «<).— Tubercle  with  giant-cells  in  the  peribronchial  connective  ti.ssue  from  n  case 
of  chronic  tuberculosis  of  the  lung,    x  35. 

accidentally  present  may  be  deposited  in  the  tissues,  and,  in  the  case 
of  a  susceptible  organ,  may  multiply  and  produce  a  tuberculosis.  This 
applies  to  tuberculosis  of  the  Bones,  which  is  very  frequent  in  children, 
and  which  often  begins  in  the  vertebras,  or  in  the  cancellous  tissue 
at  the  extremities  of  the  long  bones.  The  Brain  is  also  liable  to 
primary  tul^erculosis,  especially  in  children.  Tuberculosis  of  the 
Urino-genital  system  begins  very  frequently  in  the  testicle,  and  the 
bacilli  are  carried  thither  by  the  lilood. 

Extension  of  local  tuberculosis.— A  tuberculosis  once  established  in 
a  locality  presents  usually  a  tendency  to  indefinite  extension.  Tuber- 
ciilosis  IS  generally  a  slow  process,  and  the  extension  is  also  chronic. 

he  extension  is  to  the  immediately  neighbouring  parts,  by  direct 
"ihltration,  or,  more  commonly,  by  the  lymphatics  or  along  surfaces 
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and  canals.  The  process  of  extension  is  usually  stopped  l)y  the  inter- 
vention of  a  membrane,  as  the  bacilli  seem  not  to  be  possessed  of  the 
power  of  penetrating  membranes  unless  there  is  first  a  necrosis  of 
them.  Thus,  tuberculosis  of  lymphatic  glands  does  not  pass  through 
the  capsule  unless  the  latter  have  been  perforated  by  necrosis ;  and 
tuberculosis  of  the  lungs  rarely  extends  to  the  pleura  unless  there  be 
actual  perforation  of  that  membrane. 

Extension  by  the  lymphatics  is  very  frequent  and  characteristic. 
Tubercles  often  form  in  the  course  of  the  lymphatic  vessels  connected 
with  tubercular  organs,  as  well  as  in  the  lymphatic  glands.  In  phthisis 
pulmonalis,  for  example,  there  are  tubercles  in  the  siibstance  of  the 
lung  seated  in  the  lymphatic  vessels,  while  the  bronchial  glands  are 
also  the  seat  of  tuberculosis. 

The  extension  along  surfaces  and  canals  is  exemplified  chiefly  in 
serous  and  mucous  membranes.  A  tuberculosis  occurring  in  the 
pleura,  pericardium,  or  peritoneum  extends  over  the  entire  surface 
of  these  membranes.  TulDerculosis,  in  communication  with  mucous 
canals,  frequently  travels  considerable  distances,  involving  the  surface 
more  or  less  continuously,  but  penetrating  deeply  to  a  very  slight 
extent.  Thus,  tuberculosis  of  the  lungs  is  frequently  associated  mth 
tuberculosis  of  the  bronchial  mucous  membrane,  of  the  mucous 
membrane  of  the  trachea  and  larynx,  and  of  the  intestine  (from 
swallowing  the  expectoration).  Again,  tuberculosis  of  the  genito- 
urinary organs  frequently  begins  in  the  testicle.  From  this  it  may 
extend  the  whole  length  of  the  vas  deferens  to  the  vesiculaj 
seminales  and  urinary  bladder,  and  sometimes  up  the  ureter  to  the 
kidney. 

One  may  here  recall  the  facts  that  in  artificial  cultures,  the  tubercle- 
bacillus  gi'ows  on  the  surface  of  the  medium,  and  does  not  penetrate 
into  its  substance. 

While  tuberculosis  does  not  readily  penetrate  deeply,  still  in 
vascular  organs  a  few  bacilli  Avill  occasionally  reach  the  blood, 
passing  either  directly  into  the  vessels  of  the  part,  or  indirectly  by 
the  lymphatics.  These  may  settle  in  predisposed  situations,  and  give 
rise  to  secondary  tubercular  lesions  in  several  different  centres.  This 
condition  has  been  called  by  Weigert  "chronic  general  tuberculosis." 
When  a  few  bacilli,  thus  at  intervals,  find  entrance  to  the  blood,  the 
lesions  will  usually  be  comparatively  few.  These  secondary  lesions  run 
a  chronic  course,  and  may  sometimes  rival  the  primary  tuberculosis  n. 
size  and  effect  on  the  body.  There  may  thus  be  a  number  of  con- 
siderable tubercular  lesions  in  different  organs,  and  the  case  frequently 
looks  like  one  in  which  several  local  tuberculoses  are  simultaneously 
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present.  This  form  of  disease  is  most  frequently  seen  in  children, 
whose  tissues  seem  more  susceptible  to  the  tubercle  bacilli  in  smaller 
numbers  than  those  of  adults.  In  them  we  may  find  tubercular  masses 
simultaneously  in  lungs,  kidneys,  brain,  etc. 

Effects  of  local  tuberculosis. — The  process  of  tuberculosis,  as  already 
described,  involves  destruction  of  tissue,  and  in  many  cases  ulcers  and 
cavities  are  the  result.  The  destruction  of  tissue  may  itself  involve 
serious  consequences,  as  in  the  case  of  the  bones  and  of  the  brain,  in 
which  latter  position  the  tubercular  mass  also  acts  as  a  tumour,  pressing 
on  the  brain  substance  around.  Most  of  the  evil  consequences,  how- 
ever, arise  in  connection  with  ulceration  and  formation  of  cavities. 
The  surfaces  thus  produced  discharge  and  use  up  the  available 
nutritious  material  of  the  body.  Such  processes  are,  therefore,  accom- 
panied by  Emaciation.  Even  more  potent  in  the  production  of  general 
emaciation  is  Fever,  which  commonly  accompanies  tuberculosis.  Fever 
in  general  is  produced  by  the  presence  of  foreign  matter  in  the  blood 
(see  further  on).  In  tuberculosis  the 
bacilli  do  not  produce  fever  directly,  as 
they  are  not  present  in  the  blood,  but 
their  products  are,  in  a  dilute  form.  In 
the  case  of  discharging  surfaces,  again, 
there  will  commonly  be  putrid  and  other 
forms  of  decomposition  in  the  matter 
discharged,  and  the  absorption  of  the  pro- 
ducts will  still  further  conduce  to  fever. 

General  Tuberculosis. — This  term  is 
used  in  contradistinction  to  local  tuber- 
culosis, to  designate  a  condition  in  which 
the  tuberculosis  has  not  one  but  many 
centres  to  which  the  virus  has  been 
carried  by  the  blood.  It  has  been  pointed 
out  above  that  tuberculosis  has  little 
tendency  to  penetrate  deeply,  preferring 
to  extend  along  open  channels  or  surfaces. 
Hence,  the  disease,  for  the  most  part,' 
remains  local.  When  conveyed  into  the 
blood,  the  bacilli  may  or  may  not  settle 
down  and  multiply.  This  will  depend 
on  the  number  and  vigour  of  the  bacilli, 
and  the  resisting  power  of  the  tissues. 
If  they  are  present  in  large  numbers,  as  where  a  local  lesion  bursts 
into  a  blood-vessel,  then  they  are  planted  in  many  organs,  and 


Fig.  70. — Portion  of  lung  of  ohUd  in 
acute  miliary  tuberculosis. 
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produce  their  usual  effects,  namely,  the  formation  of  tubercles  and 
inflammation.  Hence,  in  general  tuberculosis  we  have  what  is  equi- 
valent to  a  multitude  of  local  tuberculoses. 

For  the  most  part  the  disease  is  a  very  acute  one,  hence  the  names 
Acute  general  tuberculosis  and  Acute  miliary  tuberculosis.  There  is 
a  simultaneous  and  wide-spread  eruption  of  tubercles  in  several  organs. 
The  tubercles  have  the  usual  structure,  but  they  are  present  in  vast 
numbers  in  the  lungs  (see  Fig.  70),  liver,  spleen,  kidneys,  sometimes  in 
the  meninges,  lymphatic  glands,  supra-renal  capsules,  etc.    They  may 


Pig.  71. — Photogi-aph  of  a  section  of  lung  in  a  case  of  acute  general  tuberculosis. 
A  tubercle  has  formed  inside  an  artery. 

sometimes  be  seen  in  the  heart-wall  and  endocardium.  According  to 
Tripier  the  bacilli  may  settle  on  the  valves  and  produce  an  acute  tuber- 
cular endocarditis,  in  his  case  of  the  mitral  valve.  The  tubercles  often 
show  their  relation  to  the  circulation  by  their  connection  with  the 
blood-vessels.  In  the  lungs  they  are  very  frequently  grouped  around 
the  smaller  arteries,  and  may  even  form  in  the  internal  wall  of  the 
artery,  projecting  into  its  calibre.  This  is  shown  in  Fig.  71,  and  such 
an  appearance  is  not  uncommon.  The  disease  is  an  acute  febrile  one, 
fatal  in  a  few  weeks,  and  the  individual  tubercles  are  small  in  size,  each 
local  formation  being  little  more  than  a  single  miliary  tubercle.  They 
are  often  so  small  as  to  be  only  detectable  by  the  aid  of  the  microscope, 
especially  in  the  liver,  where  they  are  present  in  almost  incredible 
numbers. 
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The  simultaneous  outbreak  of  numerous  tubercular  lesions  implies 
that  in  a  short  interval  the  blood  has  received  large  numbers  of  bacilli. 
In  some  cases  the  bacilli  have  been  detected  in  the  blood  during  life 
(Weichselbaum),  and  not  infrequently  after  death. 

This  overloading  of  the  blood  with  bacilli  can  only  occur  when  tuber- 
culosis has  extended  so  as  to  involve  the  wall  of  a  still  pervious  vessel 
of  some  size,  so  that  the  bacilli  may  find  free  access  to  the  blood. 
Acute  general  tuberculosis  has  been  found  associated  with  tuberculosis 
of  the  thoracic  duct,  of  the  pulmonary,  splenic,  portal,  hepatic,  and  other 
veins.  The  extension'  may  also  occur  from  lymphatic  glands  directly 
into  the  blood-vessels  of  these  glands  (Koch). 

This  solution  of  the  problem  of  acute  general  tuberculosis  was  first  suggested  by 
Ponfick,  who  observed  tuberculosis  of  the  thoracic  duct  in  a  case  of  this  disease. 
Weigert  has,  in  a  large  proportion  of  cases,  found  the  source  of  the  general  infec- 
tion in  the  extension  to  pervious  veins,  and  he  asserts  that  in  most  cases  such  a 
source  will  be  found  if  diligent  search  be  made.  The  pulmonary  vein  is  that  most 
frequently  involved,  and  it  is  so  in  about  half  the  cases.  In  a  case  observed  by  the 
author,  in  which  the  primary  tuberculosis  affected  the  lung,  a  branch  of  the  pul- 
monary vein,  the  size  of  a  crow  quill,  presented  in  its  wall  an  elongated,  yellow, 
caseous  layer,  somewhat  resembling  a  thin  localized  thrombus.  The  surface  was 
smooth  and  there  was  no  layer  of  fibrine  between  it  and  the  calibre  of  the  vessel 
which  was  here  uninterrupted,  except  by  the  slight  projection  of  the  yellow  mass. 
Tubercle  bacilli  were  found  in  large  numbers  in  this  yellow  structure,  extending 
to  its  internal  aspect.  Bacilli  were  also  found  in  the  blood  and  in  the  miliary 
tubercles  in  lungs,  liver,  etc. 

Literature.— ffemem,/  Wori.s— Bayle,  Eecherehes  sur  la  phtisie  pulmonaire,  1810  • 
L^NNEC,  Trait6  de  I'auscult.  med.,  etc.,  1819;  Waldenbdkg,  Tuberkulose,  etc' 
1869;  ViECHow,  Geschwiilste,  vol.  ii.,  1864-65;  Discussion  on  pulmonary  phthisis 
m  relation  to  tubercle  of  lung,  Path.  Soc.  trans.,  1873  ;  Cornet,  Die  Tubercu- 
lose,  1899;  Martin,  AUbutt's  system  of  med.,  ii.,  1897;  Durck,  Lubarsch  and 
Ostertag  Ergebnisse,  1897-1901;  Koch,  Brit.  Med.  Journ.,  ii.,  189,  1901,  and 
11.,  1885,  1902;  Teans.  Internat.  Conor,  op  Tuberculosis,  Lond.,  1901- 
Shennan  m  Encycl  Medica,  xii.,  1902.  Inoculation  and  Tubercle  haciUus- 
ViLLEMiN,  Du  tubercle  au  point  de  vue  de  son  si^ge,  etc.,  1862  ;  and  Etudes  sur  la 
tuberculose,  1868;  Langhans,  Die  Uebertragung  der  Tuberk.,  1868;  Keebs,  Virch 
Archiv,  vols^  xhv.,  xlix.,  etc. ;  Tappeiner,  Virch.  Archiv,  vols.  Ixxiv.  and  Ixxxii  '■ 
CoHNHEiM,  Die  Tuberkulose  vom  Standpunkt  der  Infectionslehre,  1880-  Sandee- 
Syd  ZT::  ^^H^f tuberculosis,  1869  ;  Koch,  The  Etiology  of  tuberculosis, 
1885    W  '        ''  Many  papers,  and  Tuberkel  und  tuberkulose 

T;rkZrir8^  18^^=  JoHNE,DieGeschtht; 

luberkulo  e,  1883;  ICaug  (Post-mortem  tubercles),  Centralbl.  f.  Chir.,  1885, 

EiKn^Eist  pS  Tf'  "-^^f^f  ^-°"-V-CHow,  Geschwiilste,  vol.  ii.,  1864-65  ; 
vol.  xlii     s;j^!  t^-'^"^!-  1872;  Langhans,  Virch.  Archiv 

etc.,  m2^  ;  Lungenentzundung, 

kulos    188?  h"'  vol.  xlviii.  ;  Baumgarten,  Tuberkel  und  Tube": 

VolkmknS  uinTT';.    .        P''^-       ''^•°°°hitis,  etc.,  1883;  Friede™, 
ann  s  khn.  Vort.,  No.  64;  Gutebbock  (Lupus),  Virch.  Arch.,  vol.  liii.  General 
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Tuberculosis — Ponfick,  Berl.  klin.  Wochenschr.,  1877  ;  Zahn,  Virch.  Arch.,  vol. 
Ixxvi.,  1879;  Weigert,  ibid.,  vol.  Ixxvii.,  and  Deutsch.  med.  Woch.,  1883  and 
1885;  Tripibk,  Arch,  de  med.  exp6rimentale,  1890;  Benda  (with  literature), 
Lubarsch  and  Ostertag,  Ergebnisse,  1900. 


TUBERCULOSIS  IN  ANIMALS. 

It  hag  been  already  mentioned  that  tuberculosis  has  been  communicated  to  a 
large  number  of  animals  by  inoculation,  and  that  probably  all  warm-blooded 
animals  are  susceptible.  As  a  spontaneous  disease  it  occurs  in  many  domestic 
animals.  In  these  the  lesions  observed  are  similar  to  those  in  man,  consisting  in 
tubercles  formed  of  giant-cells  and  epithelioid  cells  with  varying  proportions  of 

leucocytes.  There  are,  however,  certain  minor 
variations  in  structure  in  certain  animals. 
Bacilli  presenting  practically  all  the  characters 
of  the  tubercle  bacillus  have  been  found  in  the 
affected  structures.  For  practical  pui-poses  the 
most  important  form  is  that  which  occurs  in 
cattle. 

Bovine  tuberculosis. — Tuberculosis  is  exceed- 
ingly common  in  cattle.  It  is  a  suggestive  fact 
that,  according  to  Nocard,  in  stall  cattle,  about 
eight  or  nine  out  of  every  ten  are  tuberculous, 
while  among  the  young  who  have  not  yet  been 
S  X^^^5kjJ^^  'K  i  stalled  there  are  eight,  nine,  or  even  ten,  out  of 
'^''"'^H^^^'S^^jAj         e'^sry  ten  which  are  not  tuberculous.  These 

facts  were  ascertained  by  the  employment  of 
Koch's  tuberculin  to  diagnose  the  disease  in  the 
living  animals.  Considering  the  close  relation 
between  cattle  and  the  food  of  man,  both  in 
regard  to  milk  and  butcher  meat,  these  facts 
are  very  important. 

The  structures  most  frequently  affected  are 
the  serous  membranes— the  pleura  and  peri- 
toneum especially— and  the  lungs,  but  the  disease 
often  extends  to  lymphatic  glands,  alimentary 
canal,  liver,  spleen,  nervous  system,  etc.  In  the 
serous  membranes  the  tubercles  are  aggregated 
into  considerable  nodules,  frequently  as  large  as 
lentils.  They  are  attached  to  the  surface  of  the 
membrane  or  else  supported  on  villous  projec- 
tions from  the  surface.  (See  Fig.  72.)  There 
mav  be  massive  projections  of  these  nodules 
hanging  from  the  pleura  or  peritoneum.  From 
   the  size  of  the  nodules  and  their  white  appea.-- 

.„ce  .he,h.,e  been  co.p.red  'V"'*  "^''■Vr.iroZ-etr.'.^ 

The  nodules  in  bovine  tuberculosis  are  peculiarly  pione  to  calclflcat 


Pig  72._Bovine  tuberculosis  from 
the  Postal  pleura  of  a  cow.  The 
nodules  are  sessile  and  pedunculatea. 
Most  are  caseous  and  some  are  calciliea. 
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ealeiiieation  is  probably  always  preceded  by  caseation,  but  the  latter  may  be  so 
rapidly  overtaken  by  the  calcareous  infiltration  as  to  be  masked. 

We  have  seen  that  in  Bovine  Tuberculosis  bacilli  presenting  practically  all  the 
characters  of  human  tubercle  bacilli  have  been  found,  and  most  observers,  while 
cognizant  of  existing  differences  between  them,  have  satisfied  themselves  that  the 
two  bacilli  are  virtually  identical.  Koch,  however,  has  recently  affirmed  that 
human  and  bovine  tuberculosis  are  practically  distinct  affections,  that  transmission 
of  the  disease  from  the  ox  to  man  is  of  very  rare  occurrence,  and  therefore  that 
the  precautionary  measures  in  force  with  regard  to  milk  and  butcher  meat  are 
unnecessary.  Koch  bases  his  statement  on  the  almost  negative  results  obtained  by 
him  in  inoculating  cattle  with  human  tubercle  bacilli.    Calves,  he  found,  were 


Fig.  73.-Tuberciao3is  of  the  lungs  iu  a  horse.    The  caseating  nodules  contain  large 
nmnbers  of  tubercle  bacilli, 


practically  insusceptible.  Prom  this  he  argues  that  the  converse  must  be  true 
that  inoculation  of  human  beings  with  bovine  tubercle  bacilli  will  give  similar 
negative  results.  In  support  of  his  views  he  gives  it  as  his  opinion  that  infection 
irom  the  mtestmal  canal  in  the  human  subject  is  very  rare.  While  it  is  an 
accepted  fact  that  oxen  are  little  susceptible  to  human  tubercle  bacilli  they  are  not 
absolutely  insusceptible,  and  several  instances  of  successful  inoculation  are  known 
To  accept  the  converse  of  this  is  much  more  difficult.  Direct  proof  is  naturally 
less  easily  obtained,  but  here  also  cases  are  on  record  which  can  only  be  regarded 
as  instances  of  direct  transference"  of  the  disease  in  oxen  to  man.  We  believe 
tS'  '  distinctly  underestimated  the  frequency  of  infection  from 

BP  cfa  aUen  "°  t  T'l-  ^^^^  '^^^        ^^"^^  °^  <i--t-g  very 

presenUW  •  P'^^^^'^^'^^'y  ^«^«"res  are  necessary  or  the  reverse.  For  the 
pr^ent  there  is  no  reason  why  they  should  be  discontinued. 

pearl  nodlr       Tv.""'  °^"le,  there  being  usually 

internarotr  "         Peritoneum.    There  may  be  also  numerous  nodules  in 
ernal  organs,  as,  e.,,.  the  lungs  (see  Fig.  73).    These  are  more  like  those  in 
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human  miliary  tuberculosis.  Tuberculosis  in  horses  is  said  to  be  sometimes 
mistaken  for  sarcoma ;  it  is  not  of  common  occurrence. 

In  swine  tuberculosis  is  a  frequent  disease.  It  resembles  bovine  tuberculosis  in 
its  general  characters  as  well  as  in  its  tendency  to  calcification. 

Tuberculosis  is  very  common  in  monkeys,  in  which  animals  it  usually  begins 
in  the  lungs,  but  is  apt  to  extend  to  other  organs  in  the  form  of  chronic  general 
tuberculosis,  so  as  to  form  numerous  comparatively  large  foci,  which  usually  break 
down  and  produce  cavities. 

Tuberculosis  in  birds  (avian  tuberculosis). — This  disease  is  due  to  a  bacillus 
which  closely  resembles  the  ordinary  tubercle  bacillus,  but  differs  in  its  appearance 
in  cultures  and  in  its  virulence  in  different  animals. 

The  microbe  differs  considerably  in  its  pathogenic  relations  from  that  of 
mammalian  tuberculosis,  though  it  cannot  be  considered  a  distinct  species.    It  is 


Pig.  T4.— Caseous  tubercles  in  the  liver  of  a  fowl. 

rather  a  variety  which  has  become  modified  in  the  tissues  of  birds.  Thus  while 
fowls,  and  especially  singing  birds,  are  highly  susceptible,  they  are  comparatively 
immune  to  the  organism  of  mammalian  tuberculosis.  It  is  possible,  however,  to 
inoculate  fowls  with  tuberculosis  by  means  of  bacilli  obtained  from  a  mammahan 
source,  the  lesions  produced  being  closely  similar  to,  if  not  identical  with,  those 
produced  by  the  organism  of  avian  tuberculosis.  On  the  other  hand,  the  gumea- 
pig  which  is  so  highly  susceptible  to  infection  with  the  tubercle  bacillus,  may  also 
be  infected  with  a  tuberculosis  in  all  respects  typical  by  means  of  the  organism 
obtained  from  cases  of  this  affection  in  birds. 

The  spontaneous  disease  in  fowls  is  said  to  be  transmitted  congenitally  (like 
svphilis),  and  the  lesions  are  chiefly  in  the  liver  (see  Fig.  74). 

Becent  observations  go  to  prove  that  even  flsh  may  suffer  from  a  disease  which 
has  the  character  of  tuberculosis. 

Literature.-For  an  account  of  the  various  forms  of  tuberculosis  in  animals  see 
Koch  Etiology  of  Tuberculosis,  Syd.  Soc.  transl.,  1886;  and  Johne  in  Birch- 
Shfeld's  Shrbuch  d.  path.  Anat.,  where  a  full  statement  of  the  hterature  is 
given;  see  also  Baumoabten,  1.  c. ;  Creighton,  Bovine  tuberc  m  "^an  l^gi 
ZT^.,  Congr^s  pour  l'6tude  de  la  tuberculose,  iii.,  1893,  and  Ann.  de  1  InstHut 
plw  1892-  also  The  Animal  Tuberculoses  (trans.),  1895;  M'FADyE.«  (Dog), 
M;/.  Jour.  H  ,  1173, 1891 ;  Mai.-uccx  (Fowl  tuberculosis).  Zeitsch.  f.  Hygiene, 


TUBERCULOSIS. 


205 


vol.  xi.,  1892 ;  Dubabd  (Fish),  Eev.  de  la  tuberculose,  13,  1898  ;  Eber.  (literature), 
Lubarsch  and  Ostertag,  Ergebnisse,  1899  ;  Koch,  Brit.  Med.  Journ.,  ii.,  189, 
1901 ;  Trans.  Intbrnat.  Conge,  op  Tubbrctjlosib,  Lond.,  1901. 


III.— LEPROSY  OR  LEPRA. 

This  disease  was  at  one  time  spread  over  the  whole  of  Europe, 
but  is  now  limited  to  certain  localities  in  Norway,  Russia,  Iceland, 
and  the  coast  of  the  Mediterranean.  It  is  still  somewhat  prevalent 
in  Asia,  especially  India,  Japan,  and  China ;  in  Africa,  where  it  is  very 
prevalent  in  Egypt,  Abyssinia,  and  the  Islands  of  the  East  Coast ;  and 
in  America,  especially  in  the  West  India  Islands  and  Mexico.  (See 
Hirsch.) 

Causation. — The  disease  is  regarded  by  some  as  hereditary,  but  a 
considerable  number  of  cases  of  contagion  have  been  observed. 

The  question  of  contagion  as  a  cause  of  leprosy  has  been  till  lately  an  undecided 
one.  But  recently  several  cases  of  communication  to  Europeans,  evidently  by 
contagion,  have  been  published,  one  in  which  it  was  communicated  by  vaccination. 
A  final  demonstration  of  contagion  has  been  furnished  by  the  inoculation  of  a 
condemned  criminal  at  Honolulu  by  Dr.  Arning.  The  inoculation  was  successful, 
but  the  period  of  incubation  was  very  prolonged.  It  is  probable  that  the  incu- 
bation may  extend  over  several  years,  and  if  this  be  so,  it  will  be  frequently 
very  difficult  to  trace  the  source  of  contagion.  The  reality  of  contagion  has 
received  its  final  demonstration  in  the  case  of  Father  Damien,  a  Catholic  priest 
who  ministered  to  a  leper  colony  and  contracted  the  disease,  of  which  he  died 
in  1889.  The  researches  of  Thin  seem  to  show  that  leprosy  was  introduced 
mto  Italy  about  the  time  of  Christ,  and  that  it  spread  thence  into  the  countries 
of  Northern  and  Western  Europe.  Within  a  few  centuries  it  had  spread  to 
such  an  extent  and  excited  such  disgust  and  terror,  that  the  populations  were 
roused  to  drive  the  lepers  from  their  midst.  They  were  now  gathered  into 
'lazar-houses,'  and  otherwise  isolated.  With  the  adoption  of  these  measures 
leprosy  began  to  disappear,  and  soon  became  almost  extinct  in  the  principal 
countries  of  Europe. 

Bacillus  lepraB.-The  bacillus  of  leprosy  was  first  observed  by 
Hansen  in  Norway  in  1871,  and  the  observation  has  been  confirmed 
by  Neisser  and  many  others.  It  is  a  rod  which  closely  resembles 
the  tubercle  bacillus,  and,  like  it,  is  motionless.  It  presents  clear 
spots,  which  remain  uncoloured  when  the  bacillus  is  stained,  but  it  is 
not  known  whether  these  are  spores  or  not.  It  is  stained  by  the  same 
process  as  the  tubercle  bacillus,  but  does  not  resist  decolorization  so 
sti-ongly  and  it  is  stained  by  concentrated  watery  solutions  of  the 

1  ir  f  ^'''^'^^         methyl-violet,  somewhat  more 

readily  than  the  tubercle  bacillus. 

The  bacillus  is  found  in  all  cases  of  leprosy  in  the  lesions  in  the 
n.  mucous  membranes,  nerves,  and  elsewhere.    It  occurs  in  very 
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large  numbers,  especially  in  the  tubercular  form,  so  that  when  stained 
by  Gram's  method  a  section  will  have  a  decided  blue  colour  from  the 
stained  bacilli  alone.  It  presents  itself  partly  free  in  the  tissues,  but 
mainly  in  the  interior  of  round  cells  (the  lepra  cells  of  Virchow)  which 
are  considerably  larger  than  leucocytes.  (See  Fig.  75.)  These  cells 
are  to  some  extent  the  endothelium  of  the  vessels,  but  other  fixed 
connective-tissue  cells  apparently  act  as  phagocytes  to  the  leprosy 
bacillus.  The  bacilli  are  so  numerous  as  to  suggest  that  the  charac- 
teristic cutaneous  swellings  may  be  in  part  due  to  the  actual  bulk  of 
the  bacilli. 
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Pig.  75. — Leprosy  bacillus.    Those  in 
groups  are  inside  cells. 

Fig  76  —Leprosy.  The  face  shows  nodular  swell- 
ings,'especially  on  nose,  eyebrows,  Ups,  chin,  and 
ears.  Patient  had  also  a  large  ulcer  on  right  leg,  and 
a  small  one  on  left.  (Virchow.) 

Numerous  attempts  have  been  made  to  cultivate  the  bacillus,  but 
hitherto  without  success.  Melcher  and  Ortmann  have  succeeded  m 
inoculating  the  anterior  chamber  of  the  eye  in  rabbits  with  pieces 
from  a  freshly  excised  leprosy  nodule.  Characteristic  new-formations 
appeared  in  almost  all  the  internal  organs,  especially  the  crecum 
lymphatic  glands,  spleen,  and  lungs.  In  these  the  bacilh  were  said 
to  be  abundantly  present.    In  man  there  is  the  successful  case  of 

inoculation  referred  to  above.  •   .      r  . 

Character  of  the  lesions.-The  disease  occurs  m  two  fo"ns  .  hi  1 
are  designated  Lepra  tuberculosa  and  Lepra  an^sthetica.   In  the  fii 
the  new  formation  has  its  seat  in  the  skin  or  mucous  membrane  n 
h  secld  it  is  the  nerves  which  are  affected.    The  tubercular  form 
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is  sometimes  called  Elephantiasis  grsecorum.  Frequently  the  tub&r- 
cular  and  anaesthetic  forms  occur  in  the  same  patient  (Mixed  Leprosy). 

In  both  forms  the  onset  of  the  symptoms  is  characterized  by  general 
constitutional  disturbance  in  the  form  of  malaise  and  frequently  fever, 


ep^fot  8  an^ar/ep  *iotttr/oW«  ^"^^^  «  "^^^^^^  infiltration  of  the 

membrane  of  the  iachl    Lenin^i  h^^r"'"^''"""  T?^"  t^e  mucous 

Mu8.,  Univ.  Coll  ,  ifundee.    ^     ^  ^""^  P""^"^"*     enormous  numbers.-Path 

torf  tematous  eruption  of  the  skin.   These  symptoms  are 

more  pronounced  m  tubercular  leprosy  than  in  the  ana3sthette  form, 

indio!f«Tif  .  I'^'T  Their  occurrence  would 

cate  that  the  infection  is  present  in  the  blood,  and  would  make  the 
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phenomenon  of  leprosy  analogous  to  the  second  stage  of  syphilis.  This 
analogy  is  further  boi-ne  out  by  the  symmetrical  character  of  the  lesions, 
which  are  described  below.  The  bacillus  has  only  occasionally  been 
found  in  the  blood,  and  its  position  and  condition  during  the  long 
period  of  incubation  are  quite  obscure. 

Tubercular  leprosy  {Lepra  tuberculosa)  occurs  mainly  in  the  skin,  but 
extends  also  to  mucous  membranes.     After  the  acute  symptoms 


FiB  7S  —Leper  group,  Burma.  The  facial  deformity  with  loss  of  the  bridge  of  the 
noseTdiscoloration  and  ulceration  of  limbs,  and  loss  of  fingers  and  toes  are  shown. 
The  central  figure  was  almost  entirely  blind  and  aphonic. 

referred  to  above,  the  erythema,  which  is  a  general  eruption,  passes 
off  and  the  permanent  lesion  limits  itself,  for  the  most  part,  to  the 
exposed  parts  of  tbe  body.  The  skin  of  the  face  and  hands  are  the 
parts  most  affected  (see  Fig.  76),  and  the  legs  if  they  are  exposed. 
Of  the  mucous  membranes,  those  of  the  mouth  and  larynx  are  often 
involved.  (See  Fig.  77.)  The  disease  also  extends  to  the  lymphatic 
glands  In  the  skin  there  appear  larger  or  smaller  swellings,  at 
first  red  or  bluish  in  colour  which  become  firmer  and  harder.  Tliese 
tubercles  may  reach  the  size  of  a  hazel-nut  or  a  walnut.  They 
consist  of  granulation  tissue  in  which  cells  of  various  sizes  have 


LEPROSY.  _  209 

replaced  the  cutis  vera.  These  cells  contain  the  bacilli.  As  in  other 
granulation  tumours,  we  often  have  ulceration,  or,  as  in  the  case  of 
lupus,  there  may  be  cicatrization  without  ulceration.  By  the  formation 
of  the  swellings  and  cicatrization,  great  deformities  frequently  result, 
so  that  the  patients  have  often  a  peculiarly  hideous  appearance,  the 
face  being  knobbed  and  gnarled  (Fig.  76). 

Nerve  leprosy  {Lepra  ancesthetica)  is  characterized  by  the  stems  of 
the  peripheral  nerves  becoming  the  seat  of  spindle-shaped  swellings, 
sometimes  of  considerable  length.  The  granulation  tissue  here  is  in 
the  interstitial  connective  tissue,  so  that  the  nerve-fibres  are  separated 
and  compressed.  The  new-formation  sometimes,  but  rarely,  extends 
to  the  membranes  of  the  spinal  cord  or  brain. 

The  nerve  affection  leads  to  neuralgias  and  to  conditions  of  the  skin 
which  are  related  to  the  interruption  of  the  conductivity  of  the  nerves. 
Localized  patches  of  anesthesia  occur.  There  are  patches  in  which  the 
colour  varies,  being  darker  or  paler  than  normal  (Macular  leprosy) 
In  the  older  patches,  the  central  parts  are  mostly  pale  (white  leprosy) 
Deep  ulcerations  sometimes  follow,  not  infrequently  leading  to  separa- 
tion of  the  fingers  or  toes.  (See  Fig.  78.)  No  bacilli  have  been 
found  in  these  peripheral  lesions;  they  are  simply  the  result  of  the 
mterference  with  the  nerves. 

In  leprosy  there  are  sometimes  tumours  formed  in  internal  organs 
but  this  IS  rare.  Microscopic  lesions  in  the  liver,  spleen,  testes,  etc  ' 
are  not  uncommon.  >  "^-j 

paS*' Svd'V/?  '  .account  see  Hiksch,  Handbook  of  hist,  and  geograph. 

path    Syd.  Soc.  transl.,  vol.  ii. ;  see  also  Viechow,  Geschwulste  vol  if  ■  Gnrr 

SsL^vL"l;rv;ir^'  T  '--^ 

xiv.,  and  V  ^eh  irch'  voi.  T"'  ^"""^'^'^  ^P^"  ^-'^-'^oL 

in  t;anslat!d  ta^         S  d  iSe  lo^  "^T'^ 

mittee  1890  91  •  Pv;!  '  °^  Lepbosy,  Investigation  Com- 

Ehle.;/C;  TWsorc  Newn^an. 

leprosy;  BKsLK,iearde  MM   Oct  r^^^^^  ^""^"^^ 

i-.  1269,  ii.,  799,  1055  and  1119  .'?^  ;      t      '  Med.  Jour.,  1887, 

ology,  etc.,  London  180?    a     '         °°  ^  ^"^^  ^"""'^'^t  °f  l^i^tory,  path- 

B^B,  ^^^^f^^^ZTir^^'t  ''''' 

i-iii-    ^acitt«,_NEissER  ^FHnW  ?  «  /  o      '  HUTCHINSON,  Archives  of  Surg., 

Berlin,  Klin  WooheS^^^ 
Bacter.,  xxix.,  1901  '  Uhlerhdth  and  Westphai,,  Centralb. 
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IV.— ELEPHANTIASIS  AEABUM. 
This  disease,  whicli  is  called  elephantiasis  arabum  to  distinguish  it 
from  E.  greecorum,  which  is  true  leprosy,  is  often  simply  designated 
Elephantiasis,  sometimes  also  Pachydermia. 


Fie  79  —Elephantiasis  affecting  scro- 
tumfiegs  and  ai-ms.  (After  photograph 
by  Turner.) 


Fig.  80.— Hyperostosis  and  syn- 
ostosis of  the  hones  of  the  leg  and 
foot  in  elephantiasis.  The  hones 
present  everywhere  Aator  Pom  ed 
projections.  At  +  +  +  ^^^J'^^. 
iud  fibula  are  united,  ;vs.  ^^<'y 
also  above  the  aukle-]Oint  The 
astralagus  and  os  c.acis  are  also 
united.  (Vibchow.) 
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fever,  and  somewhat  resembling  erysipelas.  These  attacks  pass  off 
and  recur,  the  disease  ultimately  subsiding  into  a  more  chronic  con- 
dition. These  are  conditions  which  can  only  be  produced  by  a  morbid 
poison  acting  on  the  tissues  locally  and  probably  sending  off  products 
into  the  blood  so  as  to  induce  fever.  The  fact  that  no  secondary 
lesions  occur  at  a  distance  is  an  indication  that  the  virus  itself  does  not 
reach  the  blood.  The  disease  attacks  chiefly  the  native  races,  but  no 
race  is  exempt  from  it.    Sporadic  cases  are  met  with  occasionally. 

Character  of  the  lesion. — The  lesion  consists  of  an  enormous  hyper- 
trophy of  the  tissues  of  the  skin.    The  cutis  vera  is  thickened,  the 
papillae  are  enlarged,  and  the  epidermis  is  thickened.    In  the  earlier 
periods  the  new-formed  tissue  is  somewhat  cellular,  and  throughout  it 
is  succulent  and  cedematous.    The  disease  occurs  chiefly  in  the  lower 
extremities  and  external  genital  organs,  but  sometimes  attacks  the 
upper  extremities.    In  the  lower  extremities  it  produces  an  extra- 
ordinary irregular  thickening  of  the  skin,  which  has  a  folded  and 
bagged  appearance,  like  that  of  the  legs  of  an  elephant.    (See  Fig.  79.) 
In  the  genital  organs  it  produces  tumours  which  sometimes  grow  to  a 
massive  size;  tumours  have  been  excised  which  weighed  over  100 
pounds,  and  which  hung  down  so  as  to  reach  below  the  knees.  (See 
Fig.  79.)    Sometimes  the  tumour  is  not  entirely  made  up  of  hyper- 
trophied  skin,  but  a  definite  isolated  tumour  is  found  internally.  This 
was  so  in  a  case  observed  by  the  author.   In  the  legs  the  new-formation 
may  extend  inwards  to  the  fascia,  the  inter-muscular  tissue,  periosteum 
and  bone.    The  accompanying  Fig.  80  shows  how  the  bone  may  be  the 
seat  of  new-formation. 

he  d,  ease  may  develop  from  so-called  lymph -scrotum,  and  Manson  has  inferred 
unltatS^r'  '  ^^P-^^  -  the  filaria  sanguinis.  (S^ 


Occasionally  localized  cutaneous  enlargements  are  met  with,  which  in  some 
title  of  Elephantoid  hypertrophies  (see  under  Tumours). 

elephantia  li         IZZn  18^    cIk  Jn' O  "^"^  K....™..,  Di^ 


v.— GLANDEBS. 

when  the  skin  2l'  l  ^''^     sometimes  given  to  the  disease 

Skin  and  lymphatic  system  are  specially  affected 
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Causation. — The  disease  has  been  shown  by  Loeffler  and  Schiitz  to 
depend  on  a  bacillus  which  resembles  the  tubercle  bacillus  in  form 
but  requires  different  methods  of  staining.  The  bacillus  is  present  in 
large  numbers  in  the  lesions  of  glanders,  is  readily  cultivated,  and 
easily  communicated  to  animals. 

The  bacillus  is  a  rod  about  the  size  of  the  tubercle  bacillus,  but 
slightly  thicker.  It  is  generally  slightly  curved,  and  usually  single  or 
in  pairs.    It  is  not  motile,  and  it  is  not  certain  that  it  produces  spores. 

It  may  be  stained  with  the  ordinary  aniline  dyes,  especially  with 
fuchsine,  but  better  results  are  obtained  with  Loeffler's  methylene  blue 
or  carbol-thionin.  The  organism  is  completely  decolorized  by  Gram's 
method. 

The  bacilli  may  be  cultivated  on  most  of  the  ordinary  media,  on 
agar  and  glycerin-agar  they  give  a  whitish-grey,  somewhat  translucent 
culture.  On  potato  there  is  a  very  characteristic  growth,  at  first  amber 
coloured,  then  becoming  darker  till  it  assumes  a  reddish-brown  or  red 
tint  with  a  yellowish-green  colour  peripherally.  A  temperature  be- 
tween 25°  and  42°  C.  is  necessary,  the  best  results  being  obtained 

between  30°  and  40°  C. 

Animals  are  readily  inoculated,  but  there  are  pecuhar  differences  m 
susceptibility.  As  the  disease  is  mainly  one  of  horses,  it  is  natural  to 
find  that  these  animals  and  asses  are  readily  affected.  Field  mice  and 
guinea-pigs  are  also  readily  affected,  but  white  mice,  house  mice,  pigs, 
and  cattle  hardly  at  all.  There  is  always  a  local  action  at  the  point 
of  inoculation,  from  which  there  may  be  a  gradual  extension,  but  not 

by  the  blood.  . 

In  man  an  accidental  infection  sometimes  occurs,  resulting  m 
local  abscesses,  with  secondary  extension  to  the  mucous  membranes, 

■""'a 'remarkable  fact  is,  that  in  cultivating  the  bacillus,  it  gradually 
loses  its  infective  power,  so  that  in  the  fourth  or  fifth  generation  it 
has  become  so  harmless  that  it  is  necessary  to  inoculate  much  largei 
quantities,  and  the  effect  is  merely  local.    By  further  cultivation  the 

bacilli  lose  their  virulence.  pnltnres 

From  the  cultures  the  substance  Mallem  is  obtained     The  cultu 
are  usually  grown  for  some  weeks  in  glycerin  bouillon.  They 
then  sterilized  by  heat  and  filtered.    The  filtrate  is  mallein.  Tli 
sur^tanct  like  tuLculin,  is  much  employed  by  veterinary  surgeons  as 

'  list TLon.-The  disease  in  horses  r^^^^^^^^^ 
the  formation  of  swellings  of  the  mucous  membrane  ^^T^^ 
of  granulation  tissue.    The  nasal  mucous  membrane  is  geneiall) 
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attacked,  and  there  is  either  a  diffuse  infiltration  of  it  or  else  a  more 
localized  series  of  swellings  like  those  of  lupus  (see  Fig.  81).  From 
this  seat  the  disease  spreads  to  neighbouring  lymphatic  glands,  also 
along  the  mucous  membrane  to  the  lungs  and  intestinal  tract.  The 
skin  also  becomes  the  seat  of  lesions. 


gl.mders.    Two  considerable  nodules  are  shown 
m  the  upper  part  of  the  Ulustration.  Centrally 
the  lung  tissue  is  consolidated. 
Pig.  81.— Xas.al  septum  of  horse 
in  glanders. 

tumo^rfr^f  ?  f infective 
f      break  down,  so  that,  as  a  rule,  ulcers  soon  form, 

wtua !  '  '''''''  ^'"'^  -^^^ 

in  the  sk  !  '  '''PP'^'"^^^'^  if  the  tumours  are  situated  deep 

by  bur  tin  'f  """"'T  ^""^b^^"«  there  may  be  actual  abscesses,  which, 

the  Tual  t!"'"  f-^^^^d  in' 

d.y. 
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The  manifestations  in  internal  parts  are  largely  inflammatory  in 
character.  The  lymphatic  glands  of  the  neck  are  the  seat  of  inflam- 
matory swelling.  In  the  lungs  there  are  nodules  either  consisting  of 
granulation  tissue  with  caseous  central  parts,  or  more  distinctly  pneu- 
monic (see  Figs.  82  and  83).    There  are  also  in  the  mucous  membrane 


W7  ---a^/''^- : ~""V*^--/ 


lipiteiiiiii 

;•^:  ■.■^^v:;•:v;^X■:•■•:■•■  ■^■  ■^•  '•  :f'i  ■". -KV  -;.-:.v-v 


Fic  83  -Marrin  of  a  glanders  nodule  in  the  lung  of  a  horse.  In  the  J^f  e' l  ai  t 
towarfs  the  ceS  -e  of  the  nodule  there  is  a  dense  aggregation  of  If 'f^%t««>>J'^o"> 
a^-riess  abundlnt  at  the  poripheiy.   The  lung  alveoli  contain  catarrhal  cells.l:  x  40. 

of  the  intestinal  canal  nodules  which  are  sometimes  solid,  at  other  times 
breaking  down  into  pus. 

The  above  description  applies  to  the  acute  cases,  which  are  the 
commoner,  but  the  disease  is  sometimes  chronic  in  its  course.  Chronic 
cases  have  usually  the  nodules  in  the  skin,  and  there  are  seco.idary 

tumours  in  the  muscles,  etc.  , 
In  man,  glanders,  which  occurs  occasionally  in  persons  engaged 
about  horses,  is  usually  an  acute,  rapidly  fatal  disease.    Ihere  arc 
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laodules  and  ulcers  in  the  mucous  membranes  and  the  skin,  apd 
frequently  phlegmonous  inflammation  of  the  skin  with  abscesses 
among  the  muscles,  etc.  In  fact,  in  man  the  disease  takes  the  in- 
flammatory character  more  distinctly  than  in  the  horse.  We  may 
have  in  man  also  nodules,  ulcers,  and  abscesses  in  internal  organs. 
Sometimes  the  abscesses  in  the  lungs,  kidneys,  etc.^,  cause  the  disease 
to  resemble  pytemia.  At  other  times  the  juices  from  the  ulcers  in 
the  nose  or  mouth  being  inhaled,  may  give  rise  to  lesions  like  those 
of  phthisis  pulmonalis. 

Chronic  glanders  in  man  is  characterized  by  ulcers  in  the  mucous 
membranes  of  the  fauces,  bronchi,  etc.,  and  in  the  skin.  There  may 
be  caseating  nodules  in  internal  organs. 

Literature. — Vibchow,  Geschwiilste,  vol.  ii. ;  Bollinger,  Ziemssen's  Handb.,  vol. 
iii. ;  LoEFPLER  und  Schdtz,  Deutsche  med.  Wochenschr. ,  Dec,  1882;  M'Fadyban 
and  WooDHEAD,  Eeport,  National  Vet.  Assoc.,  1888;  Bonome,  Deutseh.  med. 
Wochenschr.,  1894;  Feiedbbrger  and  Frohnee,  Lehrbuch,  ii.,  1896. 


VI.— ACTINOHIYCOSIS. 


This  disease  is  prevalent  in  oxen  in  whom  it  was  first  recognized  as 
parasitic  by  Bollinger.  Less  frequently  it  is  met  with  in  horses  and 
swine.  It  has  been  observed  in  man  in  a  considerable  number  of 
cases,  and  would  appear  to  be  readily  communicable. 

Causation. — The  disease  is  due  to  a  parasite  which  was  named  by 
Bollinger  Actinomyces  or  Ray  fungus,  but  more  recent  observations 
have  shown  that  the  organism  does  not  belong  to  the  class  of  fungi 
proper,  but  rather  to  the  higher  bacteria.  It  is  now  usually  placed  in 
the  streptothrix  group.  The  ray  form,  further,  is  only  one  of  the 
forms  which  this  pleomorphous  microbe  may  assume,  and  it  is  the  one 
seen  most  characteristically  in  the  tissues  of  affected  animals.  It  has 
been  likened  in  appearance  to  the  head  of  a  daisy,  a  large  number  of 
short  threads  radiating  as  from  a  common  centre,  with  swelling  or 
clubbmg  of  the  free  extremities  (see  Figs.  84  and  85).  In  the  tissues 
of  man  the  clubbing  of  the  extremities  is  less  easily  made  out,  the 
appearance  being  more  of  a  tangle  of  branching  iilaments  which  radiate 
out  from  a  central  matted  portion  (see  Fig.  85).  Small  spherical 
ooaies  like  cocci  are  also  commonly  seen.  These  are  regarded  by  some 
as  gomdia.  The  filaments  and  spherical  bodies  are  readily  stained  by 
warn  s  method.   In  the  actual  lesions,  especially  in  animals,  the  microbe 

mZr™t^      ^'^."^  ^''^^^^^  Poi-tio"s  of  the 

thu.f^'  ^"^i^'^ted  in  Fig.s.  84  and  85.    The  little  masses 

lorm  peculiar  radiating  bodies  of  a  globular  or  oval  form,  having 
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a  somewhat  glandular  aspect.  The  individual  clumps  are  of  very  small 
size,  not  visible  to  the  naked  eye,  but  they  may  be  united  into  larger 
masses,  as  the  heads  in  a  cauliflower.  These  larger  masses  appear 
as  small  transparent  or  opaque  yellowish  or  greenish  grains  in  the 
discharges  of  new-formations. 


Fig.  84. — Actinomycosis.    Tongue  of  cow.    Colonies  of  actinomyccs  are  seen. 

The  microbe  is  readily  cultivated  on  ordinary  media,  the  best  results 
being  obtained  at  a  temperature  of  33°  to  37°  C.  The  cultures  show 
filaments,  shorter  threads  or  rods,  and  cocci,  the  ray  form  being  re- 
garded by  some  as  only  occurring  when  the  soil  is  unsuitable  for 


Fig.  86. — Actinomycosis, 
uriuo.    Filamentous  form. 


From 


Fig.  85.— Actinomycosis.    From  same  case  as  Fig.  84. 


perfect  growth.  The  microbes  have  been  successfully  inoculated  into 
cattle  and  into  the  abdominal  cavity  of  rabbits  and  guinea-pigs. 

Character  of  lesion.-Whether  in  animals  or  man  each  fungus-head 
constitutes  a  centre  of  irritation,  and  granulation  tissue  forms  around 
it  By  coalescence  there  are  formed  bulky  masses  of  gmnulation 
tissue     There  is  no  tendency  to  caseation,  but  rather  to  the  formation 
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of  pus  on  the  one  hand  and  cicatricial  tissue  on  the  other.  The  disease 
usually  presents  itself  in  cattle  in  the  form  of  bulky  round  tumours, 
which  are  mostly  in  the  neighbourhood  of  the  jaws,  but  may  be  in 


Fig,  Si, — Actinomycosis  atfectiug  the  tongue  of  a  cow.  A  dense  white  tissue 
invades  the  muscle.  Immediately  under  the  n'lucoua  membrane  of  the  dorsum 
numerous  colonies  of  actiuomyces  were  found. 


any  part  of  the  body.  The  indurated  or  Wooden  Tongue  of  cattle  is 
one  of  its  commonest  manifestations  (see  Fig.  87).    These  tumours 


r 


V 


wMch  fenetl^ateTZ  cl«  l  nf'??",  r^'^'H™'      ^'""^      ''^'i  extensive  lesion 

midst  of  firm  ~IahT  ^^T'    ^^"SPJ^  aggregated  purulent  foci  in  the 

characterist™  ^^^'^^^        ^l^o^ii-    The  honey-comh  like  appearance  is 

usually  contain  a  yellow  pus  in  which,  and  in  the  granulation  tissue 

morP  1  ?™'        P^^^'^*^      ^'^'^^ly  I"  there  is  a 

snnnn  ^"'r  ^°™^tion  of  granulation  tissue,  and  more  of  a 
suppurative  character  (see  Fig.  88). 
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The  microbe  seems  to  find  entrance  chiefly  through  the  mouth, 
and  the  disease  has  its  primary  seat  about  the  jaws,  in  the  respiratory 
tract,  or  in  the  alimentary  canal. 

In  Actinomycosis  of  the  face  and  neck,  the  fungus  has  obtained 
entrance  by  breach  of  surface  in  the  mouth,  usually  in  connection 
with  carious  teeth,  so  that  the  commencement  is  usually  in  connection 
with  the  jaw.  There  is  a  formation  of  granulation  tissue  around 
the  jaw,  usually  the  inferior  maxilla,  extending  to  the  parts  around. 
The  process  is  a  chronic  one,  and  by  degrees  the  lesion  extends  to  the 
surface.  Abscesses  form  which  discharge  and  leave  fistulous  openings. 
Sometimes  the  new-formation  extends  to  the  vertebraj  or  base  of  the 
skull,  especially  when  the  upper  jaw  has  been  the  starting  point. 

The  respiratory  organs  may  be  the  primary  seat.  There  may  be  a 
superficial  actinomycosis,  producing  simply  a  suppm^ative  bronchitis. 
More  usually  the  fungus  is  in  the  substance  of  the  lung,  giving  rise 
to  chronic  condensations  and  indurations  in  isolated  patches.  These 
enlarge  and  coalesce,  and  they  often  break  down  so  as  to  form  ca^dties. 
The  process  is  a  chronic  one  and  somewhat  resembles  that  in  phthisis 
prdmonalis,  but  diff'ers  in  respect  that  it  does  not  usually  attack  the 
apices  of  the  lungs.  The  disease  is  apt  to  involve  the  pleura  and  the 
neighbouring  pericardium.  It  not  infrequently  extends  to  the  bodies 
of  the  vertebrge,  causing  them  to  become  carious.  There  is  here  a  slow 
inflammatory  process  with  exuberant  granulations  and  suppuration. 
The  abscess  may  reach  the  surface  by  a  course  similar  to  that  of  a 
tubercular  abscess  of  bone. 

The  alimentary  canal  is  more  rarely  the  primary  seat  of  actnio- 
mycosis.  The  vermiform  appendix  is  not  infrequently  primarily 
affected.  There  are  nodules  and  ulcers  formed  and  the  disease  extends 
to  the  peritoneum,  leading  to  the  formation  of  granulation  tissue  and 
abscesses  in  the  cavity  of  the  peritoneum.  There  may  be  perforation 
of  the  bladder,  intestine,  or  abdominal  wall.  Secondary  extension  to 
the  liver  is  common  in  primary  actinomycosis  of  the  alimentary  canal 

(see  Fig.  88).  ,      ^.  „  , 

Madura  Foot  or  Mycetoma.— The  position  of  the  disease  called 
Mycetoma  and  Madura  foot  is  not  yet  completely  determined,  but  all 
recent  evidence  points  to  the  great  probability  that  it  is  a  separate  and 
distinct  disease,  allied  to  Actinomycosis.  Carter  asserted  that  a  fungus 
was  the  cause  of  the  disease,  and  the  name  Chionyphe  Carteri  was  given 
to  the  fungus.  Kanthack  more  recently  described  and  figured  a  fungus 
which  he  asserted  to  be  a  form  of  Actinomyces.  Boyce  and  Surveyor 
hold  that  this  fungus  is  only  present  in  the  pale  or  ochroid  form  of  the 
disease  and  that  a  large  branching  septate  fungus,  a  hyphomycete  is 
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present  in  the  black  or  melanoid  variety.  The  observations  of  Wright 
are  confirmatory.  The  more  recent  observations  of  Vincent  on  a  case 
of  the  pale  variety  seem  to  show  that  the  parasite  is  not  actinomyces, 
but  a  form  resembling  this  which  he  designates  Streptothrix  madurae. 
He  has  cultivated  it  on  various  media  and  finds  that  its  behaviour 
difi"ers  from  that  of  actinomyces.  It  thus  seems  clear  that  a  different 
organism  is  present  in  the  two  forms  of  the  disease. 

The  disease  is  characterized  by  the  presence  of  canals  and  cavities 
which  penetrate  both  the  soft  parts  and  the  bones.  These  open 
externally  and  discharge  a  fluid  which  contains  black  granules  in  the 
black  form,  and  yellow  granules  resembling  fish-roe  in  the  pale  form. 
On  dividing  the  foot  the  passages  are  visible ;  in  the  black  form  they 
contain  dark-coloured  debris  and  in  the  pale  form  granules  like  those 
discharged.  There  is  great  thickening  of  the  parts  and  an  appearance 
resembling  tubercular  disease.  The  condition  is  a  chronic  one,  foi' 
which  amputation  is  frequently  performed. 

In  some  cases  the  fimgus  gets  into  the  blood  and  is  disseminated  in 
various  organs.  In  that  case  there  are  abscesses  produced,  and  the 
disease  is  like  a  chronic  pyaemia. 

literature. — Bollinger,  Centralb.  f.  d.  med.  Wissensch.,  1877,  No.  27 ;  PoNricK, 
Die  Actinomycose  des  Menschen,  1882;  Israel,  Actinomycosis  in  man,  Syd.  Soc, 
1886 ;  Shattock,  Path,  trans.,  vol.  xxxvi. ;  Acland,  ditto,  vol.  xxxvii.  An 
exhaustive  account  of  Actinomycosis  is  given  by  Bostroem  in  Ziegler's  Beitrage> 
vol  ix.,  1891.  Madura  fool  or  il/yeeto?na— Carter,  Mycetoma  or  the  fungus  dis.  of 
India  (with  coloured  plates),  1874;  Lewis  and  Cunningham,  Pungus  dis.  of  India^ 
1875;  included  also  in  Lewis's  Physiol,  and  pathol.  researches,  1888;  Moxon  and 
Hogg,  Path,  trans.,  1869,  p.  411;  Kanthack,  Journ.  of  Path.,  i.,  140,  1892;  Hew- 
lett, Lancet,  ii.,  1892;  Boycb  and  Surveyor,  Proceedings  of  Eoyal  Soc,  1893; 
Vincent,  Ann.  de  I'Inst.  Pasteur,  viii.,  129,  1894;  J.  H.  Wright,  Journ.  of  Exper. 
Med.,  iii.,  421;  Acland  (bibliography),  Allbutt's  Syst.  of  Med.,  i.,  1897;  Euhbah 
(literature),  Annals  of  Surgery,  xxx.,  xxxi.,  1899-1900;  Schlegel  (literature), 
Lubarsch  and  Ostertag,  Ergebnisse,  1900;  Dean  (streptothrix).  Path.  Trans., 
Lond.,  li.,  1900;  Foulerton  and  Peice-Jones,  ditto,  liii.,  1902. 


VII.— HODGKIN'S  DISEASE. 

The  exact  relations  of  this  disease,  or  group  of  diseases,  are  some- 
what obscure.  In  many  respects  it  presents  the  characters  of  the 
mfective  tumours,  and  hence  is  included  here.  On  the  other  hand 
It  IS  related  to  leuksemia,  this  latter  disease  sometimes  present- 
ing most  of  the  organic  lesions  of  Hodgkin's  disease.  According  to 
some  observers  a  certain  number  of  cases  terminate  in  leukemia.  By 
some  leuksemia  is  also  included  amongst  the  specific  new-formations. 

tie  uncertainty  as  to  the  nature  of  the  disease  may  be  inferred  from 
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an  enumeration  of  the  names  applied  to  it.  Besides  the  above  we 
have  Adenia,  Pseudo-leukaBinia,  Lymphosarcoma,  Malignant  lym- 
phoma, Malignant  lymphadenoma,  Malignant  aleuksemic  lympha- 
denoma,  and  Anaemia  lymphatica.  The  disease  is  accompanied  by 
marked  anemia  and  dropsy,  but  there  is  practically  no  increase  of 
leucocytes  in  the  blood,  thus  forming  a  marked  contrast  with  leuksemia. 
Fever  is  present  in  some  cases.  The  cause  or  causes  which  produce 
Hodgkin's  disease  are  as  yet  quite  unknown. 

We  include  here  cases  in  which  there  is  first  an  enlargement  of  a 
group  of  glands,  and  a  subsequent  extension  to  other  groups,  followed 
in  many  cases  by  a  further  extension  to  the  spleen  and  liver,  and  even 
to  other  structures.  This  is  the  disease  described  by  Hodgkin  and 
properly  designated  by  his  name.  It  is  an  infective  disease,  having 
some  analogies  with  tuberculosis,  but  limiting  itself  much  more  to  the 
lymphatic  system. 

The  disease  begins  with  a  local  enlargement  of  a  certain  group  of 
lymphatic  glands,  frequently  those  of  the  neck,  but  it  may  be  those  of 
other  situations,  such  as  those  of  the  axilla  and  those  accompanying 
the  thoracic  and  abdominal  aorta.  Beginning  in  one  set  it  is  liable  to 
extend  to  others  till  there  may  be  a  widely-extended  enlargement  of 
the  glands  in  many  regions.  The  affection  of  the  glands  consists  in 
a  proliferation  of  the  lymphatic  gland  tissue.  The  enlarged  glands 
may  be  of  the  same  consistence  and  appearance  as  the  normal  glands, 
but  they  may  be  softer  or  harder.  There  is  not '  infrequently  a  trace 
of  caseation  in  the  glands,  especially  when  they  are  hard.  In  the  soft 
form  the  new-formation  may  extend  beyond  the  boundaries  of  the 
glands  and  invade  surrounding  parts. 

The  spleen  is  affected  in  most  cases  of  Hodgkin's  disease,  although 
not  in  all.  It  is  enlarged,  and  its  outline  shows  localized  elevations 
as  if  there  were  distinct  tumours  present.  On  section,  however,  these 
have  not  the  appearance  of  definite  separate  growths,  but  rather 
of  localized  infiltrations  of  the  splenic  tissue.  There  are  areas  of 
yellowish  white  appearance,  which  have  been  compared  to  lumps  of 
suet  in  a  pudding.  Under  the  microscope  it  is  seen  that  in  these 
areas  the  tissue  is  lymphatic,  consisting  of  round  cells  with,  a  reticulum 
like  that  in  lymphatic  glands.  Moreover,  the  tissue  arises  by  pro- 
liferation of  the  lymphatic  follicles  of  the  spleen  (the  Malpighian 
corpuscles)  which  normally  accompany  the  splenic  arteries.  The  liver 
is  also  commonly  affected,  there  being  here  an  infiltration  of  the 
capsule  of  Grlisson,  such  as  occurs  in  some  cases  of  leukaemia.  The 
kidneys  also  in  some  cases  show  in  their  external  configuration 
rounded  swellings,  which  are  due  to  localized  infiltrations  of  round- 
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cells.    There  may  also  be  enlargements  of  lymphatic  structures  other  , 
than  those  of  the  lymphatic  glands  and  spleen,  such  as  the  closed 
follicles  of  the  intestine,  the  tonsils,  etc.    The  bone  marrow  may  show 
changes. 

Hodgkin's  disease  may  give  rise  to  amyloid  degeneration,  as  in  a 
case  observed  by  the  author.  In  this  case  a  sago  spleen  was  the  seat 
of  secondary  lymphatic  new-formations.  The  new-formation  occupied 
the  same  structures  as  the  amyloid  disease,  and  it  was  interesting 
to  observe  how  the  round-cell  infiltration  caused  absorption  of  the 
amyloid  material,  and  how  the  arteries,  whose  walls  were  amyloid^ 
recovered  their  structure  under  the  influence  of  the  new-formation. 

It  is  proper,  as  Steven  has  pointed  out,  to  distinguish  Hodgkin's  disease  from 
lympho-sarcoma.  The  former  has  more  the  characters  of  a  general  disease  of  the 
lymphatic  system,  originating  locally,  but  spreading  in  the  lymphatic  system.  The 
latter  is  a  local  disease  of  a  certain  group  of  glands,  usually  the  mediastinal  ones, 
and  showing  chiefly  a  local  malignancy. 

Granuloma  fungoides  (Mycosis  fomcjoides)  is  referred  to  under  Diseases  of  the 
Skin. 

Literature.— HoDSKiN,  Med.  Chir.  trans.,  1832 ;  WrcKS  (who  suggested  the  name 
Hodgkin's  disease,  and  has  chiefly  brought  it  into  prominence),  Guy's  Hosp. 
Eeports,  3rd  series,  vols.  ii.  and  xi.,  also  cases  in  Path,  trans.  ;  Muechison,  Path, 
trans.,  xxi.,  372;  also  papers  by  Wilks,  Greenfield,  and  others  in  Path,  trans., 
xxix.,  1878;  Hilton  Fagge,  Medicine,  1886,  vol.  ii.,  334  ;  Steven,  Glas.Med.  Jour., 
vols.  XXXV.  and  xxsvi.,  1891;  Flexner,  Johns  Hopkins'  Hosp.  Eep.,  1893: 
Dietrich,  Beitriige  z.  khn.  Chir.,  xvi.,  1896;  Murray,  Allbutt's  Syst.  of  Med.,  iv.,. 
1897. 


SECTION  VI. 


INTOXICATIONS— DISEASES  RESULTING  FROM  CHANGES 
IN  SECRETION  AND  EXCRETION. 

Intoxications. — A  varied  assortment  of  morbid  conditions  characterized  by 
changes  in  the  blood  and  other  fluids,  either  from  the  presence  of  toxic 
substances  or  from  alterations  in  chemical  composition.  A.  Intoxication, 
Definition.  Auto-intoxication.  Limitation  of  term.  B.  Diseases  from 
changes  in  secretion  and  excretion.  (1)  Uraemia.  (2)  Gout.  (3)  Diabetes. 
(4)  LipEemia.  (5)  Melansemia.  (6)  Myxcedema.  (7)  Cretinism.  (8)  Exoph- 
thalmic goitre.    (9)  Acromegaly.    (10)  Addison's  disease. 

rpHE  progress  of  observation  has  brought  together  conditions  which 
formerly  were  regarded  as  widely  separated,  and  in  the  present 
section  we  have  a  somewhat  varied  assortment  of  morbid  conditions. 
They  are  all  characterized  by  changes  in  the  blood  and  other  fluids  of 
the  body,  either  by  the  presence  of  toxic  substances  or  by  alterations 
in  the  chemical  composition  of  the  plasma.  The  body  as  a  whole  is 
affected  by  the  altered  conditions  of  the  nutritive  fluid,  and,  in  this 
sense,  the  term  Constitutional  Diseases  is  applicable.  This  group 
of  diseases  is  at  the  present  time  the  subject  of  much  investigation 
and  research.  It  must  therefore  be  understood  that  the  terminology 
and  classification  are,  to  a  large  extent,  tentative.  There  is  consider- 
able over-lapping  amongst  the  members  of  the  group  themselves  and 
with  conditions  belonging  to  other  groups. 


A.  Intoxication — Auto-intoxication. 

Intoxication  means  the  action  on  the  living  elements  of  the  tissues 
of  substances  which  affect  the  intimate  vital  chemistry  of  these 
elements.  In  this  sense  it  has  wide  relations  and  is  frequently  an 
incident,  but  always  an  important  incident,  in  a  variety  of  diseases. 
Intoxication  includes  mere  Poisoning,  or  the  introduction  of  toxic 
substances  from  without,  but  that  group  of  conditions  does  not  concern 
us  here     Again,  almost  all  Infections  are  accompanied  by  mtoxi- 
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cation,  this  being,  in  many  cases,  the  most  significant  phenomenon  of 
the  disease.  Excluding  this  group  of  conditions  from  our  present 
review,  there  remain  certain  phenomena  which  are  not  the  eifect  of 
poisons  intruded  as  such  nor  of  toxins  produced  in  the  body  by  infec- 
tive agents.    To  this  group  the  term  Auto-intoxications  is  applied. 

Auto-intoxication  is  a  term  the  use  of  which  is  by  no  means  strictly 
defined.  As  it  implies  an  intoxication  of  the  body  by  itself,  it  may 
properly  be  limited  to  the  production  of  poisons  either  in  the  meta- 
bolism of  the  tissues  or  in  the  course  of  processes  which  belong  to  the 
ordinary  or  normal  functions  of  the  body. 

The  elaboration  of  poisons  in  the  regular  metabolism  of  the  tissues 
has  been  the  subject  of  investigation  by  the  French  school  and 
especially  by  Bouchard.  The  alkaloids  thus  produced  are  desig- 
nated leucoma'ines,  which  are  distinct  from  alkaloids  arising  from 
putrescence  of  albuminous  tissues  or  ptomaines.  Extracts  of  normal 
tissues,  more  especially  muscle  and  liver,  afford  poisons,  which, 
introduced  into  animals,  produce  symptoms  which  may  end  in  death. 
Again,  it  has  been  pointed  out  that  the  urine  contains  poisons,  and 
that  the  amount  and  character  of  these  poisons  vary  greatly  under 
different  circumstances.  The  amount  is  considerably  increased,  for 
example,  in  fatigue,  a  fact  indicating  that,  in  the  action  of  the  muscles, 
there  is  a  considerable  production  of  leucomaines.  The  toxicity  of 
the  urine,  no  doubt,  has  various  sources,  but  its  existence  may  serve 
to  show  that  the  blood  contains,  under  normal  conditions,  poisonous 
matters. 

The  intestinal  canal  is,  under  normal  conditions,  the  seat  of  a 
variety  of  fermentations— some  of  them  connected  with  the  ordinary 
process  of  digestion,  gastric  or  intestinal,  some  of  them  connected 
with  the  action  of  microbes  which  may  have  a  useful  effect  in  breaking 
up  certain  chemical  combinations  of  the  food,  but  which  also  produce 
various  products  of  an  offensive  or  injurious  character.  There  must 
be  variations  in  both  forms  of  fermentation,  and  it  may  be  presumed 
that  defect  in  the  proper  digestive  fermentations  will  give  greater 
opportunity  to  the  bacterial  forms.  The  products  of  the  bacterial 
fermentations  are  doubtless  absorbed,  and  they  frequently  proclaim 
the  fact  by  the  evil  odour  of  the  breath  and  other  exhalations  It 
must  be  regarded  as  undecided  to  what  extent  the  symptoms  of 
ayspepsia  are  due  to  an  auto-intoxication  produced  in  the  way  indi- 
cated or  by  reflex  nervous  influences,  but  certainly  the  deranged 
factTnr  i^'"'''"''  '"'^  absorption  of  various  products  of  putre- 
toxiHt/  P""'^  symptomatology.    It  is  stated  that  the 

city  of  the  urme  is  increased  in  the  course  of  digestive  disorders 
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Whilst  dyspepsia  or  mere  constipation  may  increase  the  products  of 
ordinary  putrid  decomposition  in  the  intestine,  there  may,  in  some 
cases,  be  extraordinary  fermentations  set  up.  Gastro-intestinal  catarrhs 
are  sometimes  accompanied  by  fever,  and  in  this  case  there  is  either 
a  very  excessive  absorption  of  the  products  of  oi'dinary  fermentation 
or  the  introduction  of  a  special  kind.  Proljably  the  latter  is  the  case, 
and  the  condition  passes  beyond  the  strict  limits  of  auto-intoxication. 
There  are  some  who  would  include  such  cases  in  the  term,  and  would 
even  extend  it  to  infections  such  as  cholera,  where  a  special  microbe 
leads  to  the  production  of  very  specific  poisons,  but  such  an  extension 
of  the  term  is  undesirable. 

The  liver  has  had  an  important  part  assigned  to  it  in  relation  to 
gastro-intestinal  auto-intoxication.  By  certain  French  writers  it  is 
asserted  that  the  liver  is  the  destroyer  of  toxic  matters  which  are 
normally  absorbed  from  the  intestine.  As  the  alimentary  canal  is 
constantly  the  abode  of  foul  materials,  these  cannot  fail  to  be  absorbed, 
and  it  is  a  function  of  the  liver,  in  receiving  all  the  blood  coming  from 
the  intestine,  to  destroy  the  poisonous  matters,  and  prevent  their 
entrance  into  the  general  circulation.  To  what  extent  the  liver 
exercises  this  function  cannot  be  said,  but  the  view  is  apt  to  receive 
too  ready  an  assent  from  its  apparent  support  of  the  popular  view  that 
derangements  of  the  liver  have  to  do  with  many  of  the  lighter  ailments 
of  mankind.  It  is  an  exaggeration  of  this  view  to  suggest  that  the 
symptoms  of  acute  yellow  atrophy  (icterus  gravis)  are  in  large  measure 
due  to  the  alimentary  poisons  reaching  the  circulation,  on  account  of 
the  elimination  of  the  function  of  the  liver. 


B.  Diseases  from  Changes  in  Secretion  and  Excretion. 

As  indicated  above  there  may  be  an  auto-intoxication  from  the 
retention  of  the  excreta,  more  particularly  those  eliminated  by  the 
kidneys.  Whilst  the  normal  metabolism  of  the  tissues  produces 
leucomaines  in  small  amounts  which  are  promptly  excreted,  there 
may  be,  on  the  one  hand,  an  increased  production,  and,  on  the  other 
hand,  a  defective  excretion.  A  third  contingency  has  to  be  added, 
namely,  an  alteration  in  the  process  of  metabolism.  These  various 
conditions  give  rise  to  different  forms  of  disease. 

1  UrEsmia.— By  this  term  is  meant  the  poisoning  of  the  body  l\y 
the  urinary  constituents,  which,  by  reason  of  their  defective  secretion 
or  elimination,  accumulate  in  the  blood.  As  the  condition  is  directly 
connected  with  disease  of  the  kidneys  and  urinary  apparatus  it  is 
more  fully  considered  under  that  heading. 
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2.  Gout. — In  this  condition  an  excess  of  uric  (or  lithic)  acid  in  the ' 
form  of  urate  of  sodium  is  present  in  the  blood  and  fluids  of  the 
body,  and  is  deposited  in  a  solid  (mostly  crystalline)  form  in  the 
articular  cartilages  and  elsewhere.  The  primary  fact  is  the  excess 
of  urates  in  the  blood,  a  condition  which  has  been-  called  variously 
lithsemia  and  uratsBinia,  and  this  excess  may  be  very  considerable. 
Whilst  in  normal  blood  traces  of  urates  may  be  found  by  elaborate 
analysis,  in  gouty  persons  urates  can  be  readily  detected  in  the  blood 
serum  or  blister  fluid.  This  is  done  by  acidulating  the  fluid,  placing 
a  few  linen  fibres  in  it,  and  leaving  it  in  a  warm  place  to  evaporate, 
when  crystals  of  uric  acid  will  be  found  adherent  to  the  threads. 

The  explanation  of  the  excess  of  lu-ates  is  not  that  of  an  accumula- 
tion from  defective  excretion  as  in  the  case  of  urfemia.    The  kidneys 
are  indeed  frequently  involved,  but  this  is  often  secondary,  and  there 
are  many  cases  of  gout  without  any  disease  of  the  kidneys.  The 
excess  seems  due  to  a  defective  metabolism  by  which  urates  are  pro- 
duced in  excess,  and  this  again  has  mostly  a  constitutional  origin. 
Inheritance  plays  a  great  part  in  the  causation,  and,  consistently  with 
the  general  facts  of  heredity,  it  is  a  defect  in  the  finer  adjustments 
of  the  bodily  organization.     Besides  the  hereditary  predisposition 
diet  plays  an  important  part  in  the  causation,  an  excess  of  animal  food' 
and  of  alcohol,  more  particularly  in  certain  of  its  forms,  being  pro- 
minent factors.    Lead  poisoning  is  by  many  regarded  as  concerned  in 
the  causation,  but  it  appears  that  it  is  so  only  when  hereditary  predis- 
position IS  pronounced  (Eoberts). 

The  excessive  production  of  urates  occurs  in  paroxysms,  these  being 
determined  mostly  by  irregularities  in  diet.   The  paroxysm  culminates 
n  a  deposition  of  solid  urates,  usually  accompanied  by  great  pain  in 
certain  joints.    AccorcUng  to  Roberts,  the  normal  statul  oTuric'acid  n 
the  body,  that  is  in  the  blood,  fluids,  or  urine,  is  that  of  a  quadriurate 

what  unstable  compound.  On  the  other  hand,  it  is  a  biurate  which  is 
lil  '  f  I  ^'P'"'''  ^''y  ^"^°l^ble  in  solutions  con- 

fluid  P^^^^^^       —  -  the  stagnant 

vZ^  Ja^ZT,     "-^^^^  "^^^^  ^«      first  Lor- 

The  It  is  1      d;PO-ted  by  the  synovia  in  the  crystalline  form. 

-ot  on  the  If?"      r       '"P"'"^^  '^^''^  «f       ^-tilage,  but 
sV  IttbvV;       '  ''''''''  "^'y^'^'^  -  needlfs  (see 

local  syLtoms     Th.      ^^^^^^^^^cal  influence  that  they  produce  the 

mes  also  in  the  synovial  membranes  and  other  parts  of  the 
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body.  Thus,  the  rim  of  the  ear  is  a  frequent  seat  of  deposition,  and 
the  tendons,  the  skin  of  the  hands,  feet,  and  face,  the  dura  mater,  the 

pia  mater,  the  sclerotic  coat  of  the  eye, 
the  fibrous  sheaths  of  the  nerve  trunks, 
and  the  kidneys,  both  the  cortical  and 
pyramidal  portions,  are  also  frequently 
the  seat  of  deposit.  The  articular  car- 
tilages are  exceedingly  sensitive  to 
interference  in  their  texture,  and  the 
deposition  in  them  gives  rise  to  severe 
pain,  but  in  other  situations  local 
symptoms  may  not  exist. 

The  question  of  the  general  effect  of 
an  excess  of  urates  on  the  body  is  an 
important  one,  but  it  is  one  not  yet 
decided.  It  cannot  be  said  that  urates 
are  poisonous  in  the  ordinary  sense  of 
the  term,  but  their  presence  in  the  blood 
seems  to  be  accompanied  by  certain 
symptoms,  nervous,  digestive,  etc.,  which 
The  articular  symptoms  are  undoubtedly 


Fig.  89.— Cartilage  of  joint  in  gout, 
with  crystals  of  urate  of  sodium.  The 
salt  is  in  stellate  crystals  which  are 
nearly  continuous  at  upper  part  of 
figure,  which  corresponds  to  surface 
of  joint.    X  200.    (CoRNiL  and  Ran- 

VIEB.) 


may  in  part  be  due  to  it. 
the  result  of  mechanical  irritation. 

Literature.-G.BBOB.  Nature  and  Treatment  of  Gout,  1859  ;  ^1.^^°;^ ^^^J,^*" 
of  Med.,  i.,  1866  ;  Gmh™.  On  Gout,  1849  ;  Ebst.x.,  Nat^u.  Behand  .  d  Gieht, 
1882  ;  and  Lehre  v.  d.  hams.  Diath.,  1891 ;  Pfeiffeb,  Das  Wesen  d^  GicM,  1891 
EOBEKXS  in  Allbutt's  Syst.  of  Med.,  iii.,  1897;  Lurr  (literature),  Pathology  and 
?reatrent  of  Gout,  1898;  Ch™  W.xsok  (literature),  Article  m  Encyclop. 
Medica,  iv.,  1900. 

3  Diabetes  mellitus.-This  term  is  appUed  to  a  disease  character- 
ized by  an  excessive  excretion  of  grape  sugar  or  glucose  by  the  urine. 
The  condition  of  the  urine  is  expressed  by  the  term  Glycosuria.  In 
diabetes  there  is  a  prolonged  and  severe  glycosuria.  As  the  suga 
ts  e  into  the  urine  from  the  blood,  there  must  first  be  an  excess  in 
?h  Tatter,  so  that  Glycos.mia  is  presupposed.  The  normal  blood  and 
urLe  contain  a  small  amount  of  sugar ;  in  diabetes  it  is  excreted  m 
enormous  amounts,  as  much  as  25  ounces  in  the  day- 

Since  Bernard's  discovery  that  injury  to  a  pa  ticula  part 
the  nervous  system  produces  glycosuria,  many  methods  o  mduc  g 

colditioi/have  b'een  devised.    The  -ious  ^tho^^^^ 
glycosuria  may  be  P^^^  ^  "rVS^ '  ^^^^^^ 

:!;^  ::::;;^irn  t  ~  .a  .v)  the  introduction  of  ph.. 
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ridzin.  Perhaps  the  first  two  of  these  may  be  united  under  one  head, 
as  Bernard's  diabetic  puncture  of  the  floor  of  the  fourth  ventricle 
probably  acts  by  altering  the  vascular  arrangements.  The  introduc- 
tion of  large  quantities  of  a  watery  solution  of  common  salt,  and  the 
inhalation  of  nitrite  of  amyl,  an  agent  which  causes  relaxation  of  the 
arterioles  throughout  the  body,  is  regarded  by  some  as  capable  of 
inducing  hyperajraia  or  other  vascular  change  in  the  liver  and  chylo- 
poietic  system. 

Excision  of  the  pancreas,  if  incomplete,  produces  a  temporary 
glycosuria,  but,  if  the  removal  be  complete,  a  permanent  diabetes, 


X  interalveolar  ceU-i«let  in  the  midst  of  glandular  pancreatic  tissue. 

SO  that  the  results  of  the  latter  experiment  approximate  closely  to 
the  disease  proper.  The  excision  of  the  organ  must  be  complete,  as 
found  that  if  it  be  removed  and  a  portion  transplanted  to  the 
abdominal  wall  diabetes  does  not  occur  till  the  transplanted  portion 
18  also  removed.  This  would  indicate  that  it  is  not  any  nervous  dis- 
whinr'\/  ^P^^a^ion.  l^^^t  the  removal  of  the  secretion  of  the  gland 
the  na''      "^'''^  glycosuria.    It  is  not  the  recognized  secretion, 

P  ncreatic  juice,  whose  absence  produces  diabetes,  as  the  duct  may 
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be  obstructed  without  any  such  effect,  but  it  is  presumably  the  suppres- 
sion of  an  unknown  "internal  "  secretion  which  is  to  be  brought  into 
account.  It  may  here  be  mentioned  that,  in  structure,  the  pancreas  is 
a  double  organ,  as,  in  the  midst  of  the  proper  tissue  analogous  to  that 
of  the  salivary  gland,  there  are  islands  of  a  different  structure,  the 
so-called  interalveolar  islets  (see  Fig.  90). 

Phloridzin-diabetes  is  the  name  given  to  the  condition  of  glycosuria 
produced  by  the  administration  of  phloridzin,  a  glucoside  obtained  from 
the  root-bark  of  apple  and  pear  trees.  It  is  not  a  powerful  poison, 
as  it  may  be  given  in  comparatively  large  doses,  but  when  introduced 
into  the  stomach  of  a  dog,  to  the  amount  of  one  part  per  thousand 
body-weight  of  the  animal,  it  induces  in  a  few  hours  a  glycosuria 
which  lasts  for  a  day  or  two.  The  amount  of  glucose  discharged 
is  approximately  one  hundred  times  the  weight  of  phloridzin  intro- 
duced. 

In  considering  these  experiments  in  their  bearing  on  the  pathogenesis 
of  diabetes,  it  is  necessary  to  consider  the  relations  of  glycogen  to  sugar 
and  the  functions  of  these  substances.  It  is  generally  accepted  that  the 
formation  of  glycogen  by  the  conversion  of  carbo-hydrates  and  fats,  and 
even  of  albuminous  material,  is  an  important  function  of  the  liver. 
Glycogen  is  believed  to  be  the  material  necessary  for  the  function  of 
the  working  muscles,  and  it  is  found  to  have  disappeared  from  the  liver 
and  muscles  after  severe  labour.  Now,  in  most  of  the  experimental 
forms  of  glycosuria,  the  glycogen  entirely  disappears  from  the  liver 
and  from  the  muscles ;  it  has  been  proved  to  do  so  pre-eminently  in 
phloridzin-diabetes  and  in  that  produced  by  infusion  of  salt  solution. 
There  can  be  little  doubt  that  the  sugar  abnormally  produced  has 
resulted  from  the  conversion  of  glycogen,  and  in  the  experiments  \yith 
salt  solution  the  gradual  conversion  of  the  glycogen  and  the  washing- 
out  of  the  sugar  was  actually  traced.  It  is  therefore  a  probable  explana- 
tion both  of  glycosuria  as  the  result  of  experiment  and  of  diabetes  as 
a  disease,  that,  for  some  reason,  the  glycogen  of  the  body  is  induced 
to  pass  into  the  form  of  a  glucose— a  transformation  which  readily 

occurs.  1   J  f 

It  has  next  to  be  considered  how  these  various  methods  of  experi- 
mentation should  induce  this  conversion  of  glycogen  into  sugar.  In 
normal  circumstances  it  may  be  supposed  that  the  "  internal  secretion 
of  the  pancreas,  passing  directly  to  the  liver,  hinders  the  conversion  ot 
its  glycogen  into  glucose.  The  absence  of  this  "ferment  after  excision 
of  the  pancreas  allows  of  the  said  conversion.  In  the  case  of  phloridzin 
we  have  a  substance  allied  to  glycogen  and  glucose,  and  it  has  probab  j 
an  influence  in  bringing  about  the  transformation.    Circulatory  dis- 
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turbances,  by  altering  the  rapidity  of  the  flow  and  even  the  constitution 
of  the  blood  in  the  liver  may,  in  the  other  forms  of  experiment,  also 
induce  the  transformation. 

If  such  a  transformation  occur,  then  the  glucose  inevitably  passes 
into  the  blood  and  on  into  the  lu-ine.  The  liver  and  muscles  are  liable 
to  store  glycogen  because  it  is  a  colloid  and  non-diffusible,  but  when 
converted  into  sugar  it  becomes  a  crystalloid,  and  diffuses  into  the 
blood  and  so  onwards. 

An  important  point  here  is  whether,  in  actual  diabetes,  there  is  as 
m  the  experimental  forms,  with  the  exception  of  pancreas-excision 
merely  a  conversion  of  glycogen  and  its  discharge  as  glucose,  or  whether 
there  is  an  over-production  of  these  substances.   It  seems  obvious  that 
there  is  a  great  over-production.   In  actual  cases  of  diabetes  the  appetite 
IS  greatly  increased,  and  in  spite  of  an  excessive  ingestion  of  food  the 
tissues  of  the  body  are  wasted.    Food  and  tissues  are  utilized  to  pro- 
duce ultimately  sugar,  which  is  discharged  in  great  excess  The 
explanation  of  this  is  not  far  to  seek  if  we  premise  that,  in  diabetes 
there  is  an  abnormal  conversion  of  glycogen  into  sugar.    Glycogen  is 
the  necessary  material  for  muscular  contraction,  and  is  stored  in  the 
hver  and  in  the  muscles  for  the  purpose.     But  if  the  store  is  con- 
tmiully  being  pilfered,  then  a  physiological  want  of  glycogen  is 
produced.   The  liver  is  stimulated  to  excessive  production  of  glycogen 
but  this  ends  in  an  excessive  formation  of  suo-ar  6  . 

In  regard  to  the  actual  disease  and  its  causation  it  is  undoubted 
hat  there  are  cases  in  which  disease  of  the  pancreas,  in  the  form  of 
atrophy,  concretions,  tumours,  and  inflammations,  is  present.    But  there 
are  many  cases  in  which  no  alteration  is  visible,  and' the  only  feasible 
explanation  is  vascular  disturbance  of  nervous  origin,  or  a  direct  effe 

^esiror^r^   ^^'-^"^^        - — 

0    he  b  1  T"'  softenings 

of  the  brain,  as  well  as  certain  mental  diseases  being  found  in  asso 
ciation  with  diabetes,  but  there  are  many  cases  in  thiT  no  le  Jon 
possessing  a  causative  relationship  is  discoverable 

-i^The' It  ''TT  '^^'^^        to  be 

badlv  infl        r  *°       peculiarly  vulnerable;  wounds  heal 

r  7^  ^^^-^  - 

-  frequently  fe^f  a  l^^p""  P"^"^"^^^^  ^l««es  the  scene,  and 

advanced  cases     The  V  1      '       T''^''^'"     "  ^'"^"S 
ttelium  fattr  but  this  tr''  T  ^'^^^^^^^  «Pi- 

pathology  ott^TJ^L^  r  ''''  --"tL 
«1  pe^ntage  0  tseT      "^^P"""  ""^^^"^^  -  ^ 
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Literature. — Claude  Bernaed,  many  separate  articles  and  a  general  work,  Lecjons 
sur  le  Diab^te,  1877;  Schiff,  Zuckerbildung  in  d.  Leber,  etc.,  1859;  Seegen,  Der 
Diabetes  mellitus,  1875;  Senatob  in  Ziemssen's  Encycloposdia ;  Frerichs,  Ueber 
den  Diabetes,  1884 ;  Pavy,  Eesearches  on  sugar  formation,  1860 ;  On  diabetes,  18G2 
and  1869 ;  Croonian  lectures,  1878 ;  Physiology  of  the  carbohydrates,  1894 ; 
Dickinson,  On  Diabetes,  1875;  Discussion  on  diabetes,  Path.  Soc.  trans.,  vol. 
xxxiv.,  1883;  Cohnheim,  Allg.  Path.,  2nd  ed.,  1882,  vol.  ii.,  p.  92  ;  Traube,  Virch. 
Arch.,  vol.  iv. ;  Donkin,  The  relation  between  diabetes  and  food,  1875;  Bock  and 
Hoffmann,  Eeichert  and  Du  Bois-Eeymond's  Archiv,  1871,  and  Ueber  Diabetes, 
1874;  Hoffmann,  Eeichert  and  Du  Bois-Eeymond's  Archiv,  1872,  p.  746;  Cohnheim 
und  LiTTEN,  Virch.  Arch.,  vol.  Ixvii.;  Eecklinghatjsen,  Virch.  Arch.,  vol.  xxx. ; 
Klebs,  Handbuch  der  path.  Anat.,  vol.  i.,  p.  538  ;  Lapiebee,  Sur  le  Diab^ite  maigre 
dans  ses  rapports  avec  les  alterations  du  pancreas,  1879  ;  Duffey,  Dubl.  Jour,  of 
Med.,  1884;  Hale  White,  Path.  Soc.  trans.,  vol.  xxxvi.,  1885;  Mbeing  and 
Minkowski  (Extirpation  of  Pancreas),  Arch.  f.  exper.  Pathol.,  vol.  xxvi.,  1890; 
Lepine,  Arch,  de  m6d.  exp^r.,  iii.,  1891;  Hedon,  ibid.;  Meeing  (Phloridzin), 
Verhand.  d.  Cong.  f.  inner.  Med.,  1888;  Zeitschr.  f.  klin.  Med.,  1888  and  1889; 
Satjndby  (with  copious  references),  Allbutt's  Syst.  of  Med.,  iii.,  1897 ;  Williamson, 
Diabetes  mellitus  and  its  treatment,  1898,  and  in  Encyclop.  med.,  ii.,  1899. 

4.  Lipsemia.    Piarrhsemia. — 

These  names  designate  a  condi- 
tion in  wliicli  fat  is  abnormally 
present  in  the  blood. 

There  is  a  certain  quantity  of 
free  fat  in  the  blood  normally, 
and  after  a  meal  it  may  be  some- 
what abundant.     In  lipsemia, 
however,  there  is  so  much  fat 
present  as  to  give  the  blood  a 
peculiar  milky  appearance  to  the 
naked  eye.    When  the  blood  is 
collected  in  a  vessel  the  fat 
rapidly  separates  and  rises  to 
the  surface  like  cream  (see  Fig. 
91).    Under  the  microscope  the 
fat  is  visible  as  fine  fat  drops 
(see  Fig.  92),  Avhich  are  free  or 
else  enclosed  in  cells.    The  fat 
may  be  present  (in  some  cases 
of  diabetes)  in  such  quantity  as 
to  alter  the  entire  appearance  of 
the  blood.    Thus  the  blood  in 
the  vessels  will  present  opaque 
white  portions  ^vhere  the  fat  has 


Fig.  iU.-Lipajmic  blood  from  the  left  vontriclo 
of  the  heart. 


come 


to  the  surface.    The  fat  is  generally  finely  divided,  but  it  may 
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be  caught  in  the  fine  arteries  and  capillaries  of  the  lungs,  the  brain, 
the  kidney  (Fig.  93),  and  the  liver.    It  is  readily  detected  in  the 
glomeruli  of  the  kidney,  and  it  may 
pass  thence  into  the  urine,  constituting 
a  form  of  chyluria. 

Liptemia  has  been  met  with  in  its 
most  aggravated  form  in  diabetes, 
but  it  also  occurs  as  a  consequence 
of  alcoholism,  in  some  cases  of  dyspnoea, 
and  in  relapsing  fever.  The  source  of 
the  fat  is  obscure.  By  some  it  is 
beiieved  that  it  is  the  fat  of  the 
food  which  is  not  oxidized  and  so 
accumulates,  but  this  is  not  a  pro- 
bable explanation.  A  more  probable 
one  is  that  it  arises  by  fatty  de- 
generation of  the  endothelium  of  the 
blood-vessels  in  the  spleen  and  elsewhere,  and  perhaps  it  does  so  in 
some  forms  of  lipasmia.  But  the  enormous  amount  of  fat  found  in 
some  cases  of  diabetes  precludes  the  idea  that  it  can  be  derived  from 


_  Fig.  f)2.— Blood  in  lipiomia.  The  larger 
circles  and  discs  are  red  blood -corpuscles  ; 
the  smaller  bodies  are  fat  di-opa.  x  about 
600. 


The 

-tTltfd"  W  r  ^1--^  the 

of  this  .Z:::  l!"!.^  -PP^arance.    The  only  probable  explanation 

diabetes  in  W        .  v  ""^''^      P^-^«<^"t      *he  blood  in 

Ponfick  L?  ^  ''^^''"^      «^  ^«--t^d  i"to  fat. 

degeneration  in  th^  hT^i  °^  '^^T'^'S  fever,  cells  in  a  complete  state  of  fatty 
m  the  blood,  especially  in  that  of  the  splenic  and  portal  veins 
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These  cells  were  endothelial  cells  of  blood-vessels,  which  in  consequence  of  becoming 
fatty  were  readily  separated  and  carried  off  by  the  blood.  The  author  observed  in 
a  case  of  diabetes  with  extreme  lipeemia  a  very  striking  fatty  degeneration  of  the 
endothelium  of  the  splenic  pulp,  so  that  the  organ  as  a  whole  presented  an  opaque 
pinkish  appearance  suggestive  of  salmon  roe.  The  fatty  degeneration  was  observed 
in  the  endothelium  of  the  capillaries  of  the  liver  and  elsewhere,  but  not  to  such  an 
extent  as  in  the  spleen.  In  another  case  these  conditions  were  present  but  less 
marked.  In  these  cases,  however,  there  was  no  appearance  in  the  blood  of  free 
cells  presenting  fatty  degeneration.  Looking  to  the  fact  that  in  the  kidneys,  spleen, 
brain,  liver,  lungs,  and  elsewhere,  the  blood  was  occupied  by  very  finely  divided  fat, 
the  only  probable  conclusion  seems  to  be  that  some  constituent  of  the  liquor 
sanguinis  had  become  converted  into  fat,  and  that  in  this  conversion  the  sugar 
present  in  the  blood  has  played  some  important  part. 

Hamilton  and  Sanders  suggested  that  the  coma  which  frequently  marks  the 
fatal  termination  of  diabetes  may  be  due  to  the  accumulation  of  fat  in  the  blood. 
One  cannot  but  believe  that  the  lesion  must  have  an  important  effect  on  the 
function  of  the  blood,  but  there  is  sufficient  evidence  to  show  that  diabetic  coma 
often  occurs  independently  of  lipasmia. 

Literature.— Sanders  and  Hamilton,  Edin.  Med.  Journ.,  July,  1879 ;  Chbistison, 
Edin.  Med.  and  Surg.  Journ.,  vol.  xxxii.,  1830;  Huss,  Der  chron.  Alkohohsmus, 
1852;  Lancbbeaux,  Trait6  d'anat.  path.,  vol.  ii.  ;  Ponfick,  Virch.  Arch.,  vol.  Ix., 
pp.  166,  169  ;  CooTE,  Lancet,  Sept.,  1860.    See  also  under  Diabetes. 

5.  MelanEemia.— By  this  name  is  meant,  literally,  black  blood.  It 
is  used  to  designate  a  condition  in  wbich  pigment  occurs  abnormally  in 
the  blood  and  is  deposited  in  the  tissues.  The  pigment  is  in  the  form 
of  solid  granules,  and,  although  black  in  colour,  it  is  derived  from  the 
blood  pigment,  and  contains  iron.  It  is  met  with  in  cases  of  malarial 
fever,  but  not  in  every  case;  as  a  rule  only  in  the  more  severe  forms. 
The  origin  of  this  pigment  has  been  determined  by  Laveran  to  be  the 
colouring  matter  of  the  blood  altered  and  set  free  by  the  parasite, 
which  is  the  cause  of  malarial  fevers. 

When  the  pigment  gets  into  the  blood  it  is  rapidly  taken  up  by  the 
white  blood-corpuscles,  so  that  these  appear  in  the  blood  as  pigmented 
cells  These  pigmented  cells  are  often  larger  than  normal  white  cor- 
puscles, being  enlarged  by  their  abnormal  contents.  It  .^all  thus  bo 
seen  that  very  little  free  pigment  will  be  present  in  the  blood  except 
immediately  after  the  acute  paroxysm,  the  white  corpuscles  pickmg 
up  the  solid  granules  just  as  they  do  when  a  solid  pigment  such  as 
vermilion,  is  artificially  introduced  into  the  blood  of  an  anmial  (see  Fig. 
94)  The  white  corpuscles  containing  the  pigment  accumulate  m 
certain  organs,  especially  the  spleen,  liver,  and  bone-marrow  In  the 
spleen  and  bone-marrow  the  pigmented  cells  appear  to  leave  he 
capillaries  readily,  and  pass  into  the  tissues,  producing  an  act 
pigmentation  of  them,  but  in  the  liver  they  hnger  lo  j  -  the 
Lpillaries,  which  may  be  seen  with  many  such  corpuscles  in  them, 
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although  here  also  the  latter  may  jDass  out  iuto  the  surrounding  tissue. 
In  very  severe  cases,  other  organs  and  tissues  may  be  pigmented  in 
this  way.    The  brain  is  very  often 

pigmented,  especially  in  cases  where  ,  •  ^ 

there  has  been  much  cerebral  ex-        --cf^ftk,-  :iHf0>:<^m^^ 


citement.    The  kidneys  are  some-       %s^f&^:^0i  ^"''HiAs^P'' 
times  the  seat  of  it  as  well  as  other       '1^7*^  ,-:' '  ^Cv"''' 
tissues,  such  as  the  pancreas,  intes 


tine,  etc.  ■                     '♦»■'>.-  '••^fel 

This  abnormal  pigmentation  of  'ft^fSS*'^*  ^^t^^^^, 

course  produces  changes  in  the  "  "^^^I^P^ 

colour  of  the  organs  affected.   The  „,   „n  -.       ^         ,     t . 

.  °  i'lg.      — Wnite  olood-corpuscles  of  the  frog,, 

spleen  is  slaty -Srrey  or  almost  black     contaiuing  granules  of  vermilion,  and  showing 
^  ./  o    ./  )    amoeboid  movement.    (After  Klein.) 

the  liver  is  steel-grey  or  blackish, 

the  grey  substance  of  the  brain  is  of  a  dark  chocolate  or  graphite 
coloiu-,  and  the  kidneys  present  greyish  spots. 

Literature.— Aenstbin,  Virch.  Arch.,  vol.  Ixi.,  p.  494;  Mosler,  Virch.  Arch., 
vol.  Ixix.,  p.  369;  Laveran,  Paludism,  New  Syd.  Soc.  trans.,  1893.  See  also 
literature  of  Malaria. 

6.  Myxoedema.— This  condition  was  first  described  by  Sir  William 
G-uU  under  the  designation  Cretinoid  state.  Dr.  Ord  recorded  further 
cases,  and  suggested  the  term  Myxoedema.  It  is  a  condition  due 
to  diminution  of  the  secretion  of  the  thyroid  body,  this  being  an 
internal  secretion,  as  the  thyroid  is  a  ductless  gland.  The  absence  of 
the  thyroid  secretion  alters  the  metabolism  of  the  tissues,  the  principal 
result  being  an  excessive  production  of  mucin,  with  marked  degrada- 
tion of  the  functions  of  the  nervous  system.  The  relation  of  these 
symptoms  to  the  defect  of  the  thyroid  is  demonstrated  by  the  striking 
improvement  following  the  administration  of  extract  of  the  thyroid 
glands  of  animals.  The  potency  of  the  secretion  is  also  shown  by 
the  fact  that  an  overdose  of  the  extract  leads  to  pronounced  symp- 
toms m  which  mental  excitement  and  excitement  of  the  heart  are 
prominent. 

The  disease  manifests  itself  first  as  a  swelling  of  the  skin  and  sub- 
cutaneous tissue  generally,  which  resembles  ordinary  oedema,  but 
differs  ,n  respect  that  it  is  not  influenced  by  gravitation,  and  does  not 
ance  P^'^^The  affected  parts  have  a  peculiar  translucent  appear- 
po  ntinftot'  '^"^  pronounced  symptoms 

Twe  ?dn  «l^-fly  weakening  of  the  intellectual 

Po^eis,  dulness  of  sensibility,  muscular  weakness,  etc. 

presentT  1  '^l'^^"  "^^^"^^  that  mucin  is 

P  ««ent  in  excess,  l>ut  there  are  also  signs  of  irritation  in  the  form  of 
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accumulation  of  round  cells.    The  hairs  are  liable  to  atrophy  and  the 
secretion  of  the  sweat  and  sebaceous  glands  is  diminished. 

The  chemical  examination  of  the  skin  and  subcutaneous  tissue  by  Dr.  Ord 
showed  a  great  excess  of  mucin.  His  examination  was  in  a  case  in  an  early  stage 
with  the  full  swelling  of  myxoedema  still  present.  Chemical  analysis  of  cases  at  a 
later  stage  shows  that  in  them  the  mucin  is  scarcely  in  excess,  and  the  swelling  of 
the  skin  is  due  largely  to  an  increase  of  subcutaneous  fat.  In  the  experiments 
in  animals  by  Horsley,  in  which  examinations  were  made  in  an  early  stage,  there 
was  found  an  excess  of  mucin  not  only  in  the  skin,  but  also  in  the  fibrous  tissues, 
blood,  and  salivary  glands.  The  parotid  gland,  which  normally  contains  no  mucin, 
presented  that  substance  in  large  quantity.  It  showed  on  microscopic  examination 
the  usual  appearances  of  a  mucous  gland  secreting  mucus,  namely,  gland  cells  in 
the  acini  distended  with  mucin  and  having  the  characteristic  appearance  of  goblet 
cells. 

There  are  less  constant  changes  of  a  similar  nature  elsewhere,  as  in 
the  mucous  membrane  of  the  mouth,  and  the  teeth  are  liable  to  drop 
out  like  the  hairs  from  the  skin.  There  are  also  in  some  cases  inter- 
stitial changes  in  the  sympathetic  nerves,  kidneys,  liver,  heart,  and 
submaxillary  glands  (Virchow). 

Myxoedema  has  been  found  uniformly  associated  with  Atrophic 
disease  of  the  thyroid  gland.  The  gland  is  usually  diminished  in  size, 
and  has  a  yellowish  or  pale  appearance  instead  of  the  usual  dull  red 
colour.  The  condition  seems  to  depend  on  an  interstitial  inflamma- 
tion of  the  gland.  There  is  an  infiltration  of  round  cells  between 
the  vesicles,  followed  at  first  by  proliferation  of  the  epithelium  in  the 
vesicles,  but  succeeded  by  atrophy.  In  a  more  advanced  period  the 
gland  tissue  is  replaced  by  fibrous  tissue  in  which  the  remains  of  the 
proper  gland  tissue  are  represented  by  clumps  of  round  cells.  There 
is  practically  a  cirrhosis  of  the  gland  (see  Fig.  95). 

The  connection  between  myxoedema  and  destruction  of  the  thyroid 
gland  has  been  shown  in  various  ways.  Excision  of  the  gland  for 
disease  in  man  gives  rise  to  a  condition  virtually  identical  with 
myxcedema  in  a  considerable  proportion  of  cases.  Kocher  described 
the  results  of  thyroidectomy  without  being  aware  of  the  previous 
descriptions  of  myxoedema,  and  the  two  descriptions  are  very  similar, 
obviously  referring  to  the  same  conditions.  The  myxoedema  following 
excision  of  the  thyroid  has  been  described  under  the  name  of  Cachexia 
strumipriva  or  thyreopriva. 

Extirpation  of  the  thyroid  gland  in  animals  is  followed,  especially 
in  the  case  of  monkeys,  by  conditions  closely  resembling  those  of 
myxoedema,  sometimes  in  an  acute,  sometimes  m  a  chronic  form. 

The  pituitary  body  (or  hypophysis  cerebri)  has  a  structure  reseni- 
bling  that  of  the  thyroid  gland,  and  its  function  is  probably  similai. 
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In  some  cases  of  myxoedema  eulargement  of  the  pituitary  body  has 
been  observed,  so  that  it  fills  out  and  causes  enlargement  of  the  sella 
turcica. 


7.  Cretinism.-This  name  is  applied  to  a  condition  in  which  the 
.ody  IS  stunted  from  deficient  growth  of  the  long  bones,  the  nose  is 
sunk  from  imperfect  growth  of  the  base  of  the  skull,  the  head  is  pro- 
portionally large  and  the  neck  short,  and  the  intellect  is  very  defective, 
t  IS  mostly  endemic,  but  sporadic  cases  occur.    The  thyroid  gland  is 

-r^relt'       ^      '.''^"^'^  ^"^^^^^^^•^g  tl^-t  goitre 

eases  tre2^  'l'  ^^-^itiel  In^other 

••ec  ntW  e' r:     f      "  -  -^-phic.    In  a  case 

ntly  examined  by  the  writer,  every  trace  of  thyrokl  gland  tissue 
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had  disappeared.  It  is  to  be  remarked  that  an  apparent  enlargement 
of  the  thyroid  gland  may  be  associated  with  atrophy  of  its  proper 
secreting  tissue,  and  that  goitre  is  often  associated  with  defect  in  the 
function  of  the  gland. 

There  are  several  grounds  for  regarding  cretinism  as  due  to  disease 
producing  defect  in  the  secretion  of  the  thyroid.  One  of  these  is  that 
the  phenomena  closely  resemble  those  of  myxoedema  or  cachexia 
strumipriva,  especially  when  these  have  been  observed  in  the  young 
subject.  The  fact  that  Gull  applied  to  myxoedema  the  name  of  cretinoid 
state  is  evidence  of  the  close  resemblance  between  the  two  conditions. 
Again,  it  has  been  found  that  in  some  cases  where  children  presenting 
the  general  symptoms  of  cretinism  have  been  treated  with  thyroid 
gland  they  have  shown  much  improvement.  It  is  expected  by  many 
that  the  endemic  cretinism  of  some  localities  may  be  in  part  overcome 
by  this  treatment,  but  sufficient  time  has  not  elapsed  to  bring  the 
matter  fully  to  the  test. 

If  this  view  of  the  nature  of  cretinism  be  correct,  then  it  may  be 
asserted  that  the  loss  of  the  thyroid  secretion,  when  it  occurs  at  an 
early  age,  causes  defective  growth  of  the  bones  and  such  a  dulling  of 
intellect  as  to  constitute  idiocy. 

Literature.— Gull,  Trans,  of  Clin.  Soc.  of  London,  1873;  Ord,  Med.  ehir.  trans., 
1877,  also  in  Allbutt's  Syst.  of  Med.,  iv.,  1897  (with  literature),  and  Lancet,  1898; 
Eevehdin,  Eev.  med.  de  la  Suisse  Eom.,  1883  and  1887;Kocheh,  Arch. f .  Chirurgie, 
xix.,  1888  ;  Virchow,  Berl.  klin.  Wochenschr.,  1887 ;  Hoesley,  Pestschr.  f.  Virchow, 
1891;  De  Quebvain,  Virch.  Arch.,  cxxxiii.,  1893;  Boyce  and  Beadles  (Hypert.  of 
pituitary).  Jour,  of  path.,  i.,  223,  1893.  A  very  full  account  of  Myxoedema,  with 
history  and  literature  in  Beport  to  Clin.  Soc.  of  London,  1888.  In  this,  papers  by 
Oed,  HALLrauKTON,  HoRSLEY,  Semon,  etc. ;  Halliburton  (mucin  in  myxoedema), 
Journ.  of  Path,  and  Bact.,  i.,  90,  1893;  Ewald,  Die  Erkrank.  d.  Schildriise,  1896; 
MuREAY  in  Encyclop.  Medica,  xii.,  1902. 

8.  Exophthalmic  Goitre  {Graves'  Disease,  Basedow's  Disease).— In  this 
disease  the  condition  of  the  thyroid  gland  is  only  a  part  of  the  morbid 
phenomena.  The  eye-balls  are  prominent,  the  heart  is  liable  to  excited 
action,  and  there  are  frequently  tremors  of  the  extremities.  These  are 
often  associated  with  a  perverted  mental  state,  with  emaciation,  anemia, 

loss  of  strength,  etc. 

The  thyroid  gland  is  enlarged,  usually  moderately  and  s.ymmetrically. 
The  enlargement  is  uniform,  but  sometimes  nodular  elevations  project 
from  the  surface  (see  Fig.  96).  It  is  more  vascular  than  normally, 
enlarged  and  tortuous  vessels  coursing  over  its  surface.  The  tissue  hcis 
a  brownish  colour,  and  its  consistence,  though  firm,  is  generally  less  firm 
than  that  of  the  healthy  gland.  The  striking  feature  microscopically  is 
the  increase  of  glandular  tissue.   The  epithelium  tends  to  elongate  and 
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assume  a  columnar  form,  and  often  a  papillary  arrangement.  Desqua- 
mation is  not  uncommon.    The  secretion  within  the  spaces  is  usually 


„f^^"  ■l'^--'rbyroid  gland  in  exophthalmic  goitre.  There  is  moderate  enl'ir.rf.TnPiif 
of  the  gland.    A  distinct  pyi-amidal  process  is  present.  moacrate  .enlaigemeut 
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fe~ing'^r'^rt'^"aadVe^°^^^^^^^^  ^ho  promi, 

l^'^P'lIary  ingrowths  are  indicated  x^aoa 


The  prominent  epithelium 
u  -  acus  are  shown. 
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scanty,  and  more  or  less  fluid  (see  Fig.  97).  New-formed  tubular 
spaces  lined  with  cubical  epitbelium  are  also  found.  The  appearance 
of  the  altered  gland  has  been  likened  by  Greenfield  to  a  salivary 
gland.  Shrinking  from  the  development  of  fibrous  tissue  may  occur 
late  in  the  disease.  The  thymus  gland  frequently  persists.  Alterations 
in  the  central  nervous  system  and  in  the  sympathetic  have  been 
described.  They  are  not  constant.  The  most  probable  explanation  is 
that  the  disease  is  due  to  some  alteration  in  the  thyroid  gland  apparatus. 
The  function  of  the  gland  is  altered,  and  we  may  infer  the  character  of 
the  secretion  is  altered.  The  connection  between  the  thyroid  gland 
and  the  parathyroids  has  been  emphasized  of  late  years,  and  it  seems 
more  than  probable  that  disturbance  of  the  function  of  the  parathyroids 
may  play  an  important,  if  not  indeed  a  primary,  part  in  the  pathogeny 
of  the  disease. 

Literature.— Graves,  Clin.  Lectures,  1835 ;  Basedow,  Wochenschr.  f .  d.  Ges. 
Heilk.,  13,  14,  1840;  Greenfield,  Brit.  Med.  Journ.,  ii.,  1893;  Edmunds,  Journ. 
of  Path.  andBact.,  iii.,  1896;  Ord  and  Mackenzie  (with  full  literature),  Allbutt's 
Syst.  of  Med.,  iv.,  1897 ;  Gley  (with  references),  Brit.  Med.  Journ.,  ii.,  1901. 

9.  Acromegaly.— This  condition  is  in  all  probability  to  be  included 
amongst  the  diseases  due  to  alteration  of  secretion  and  excretion.  The 


Fig.  98.— Sarcomiv  of  Pituitary  body. 

gland  concerned  is  the  Pituitary  body,  which  in  the  majority  ol  p^- 
lortem  examinations  has  been  found  greatly  al  ered.  I  is  u.  al^ 
hypertrophied,  the  increase  in  size  being  due  to  glandular  ^YV^V^ 
or  to  the  presence  of  a  growth,  most  commonly  sarcomatous  an  natuie 
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(see  Fig.  98).     There  may  be   atrophy  of  the  gland  and  cystic  " 
transformation.    The  enlargement  is  sometimes  so  great  as  to  cause 
enlargement  and  deformity  of  the  sella  turcica. 

The  term  Acromegaly  means  enlargement  of  the  extremities,  and  it 
is  used  to  designate  a  condition  whose  recognition  is  chiefly  due  to 
Marie  and  Souza  Leite.  The  disease  is  very  gradual  in  its  onset,  and 
essentially  chronic  in  its  course,  often  lasting  for  15  or  20  years.  Both 


h>^lriy^rt™:^"iLt\rdThe  coIJ^se  w'""^T''°\"^  hands,  the 

There        Lmplete  lolf  "of  vTsion'Tn  XrigM  Ve  ""'^ 

men  and  women  are  attacked,  usually  between  the  ages  of  20  and  40 

the'faT  '^tTt'^''  progressive  enlargement  of 

the  face,  marked  enlargement  of  the  hands  and  feet,  muscular  weakness 
and  severe  headache.    Blindness  and  other  symptoms  res.  C  from 
pressure  are  common  (see  Figs.  99  and  100)  ^ 
in.?'""^  to  the  changes  in  the  face  the  diameter  of  the  head  is 

r'"Tr"^^^^^  ^^"^^  «  and 

be  S  atlv  "PP-  teeth.    The  nose  as  a  whole  may 

ten!  t  ^  TT  "1  t^i^kened,  and  the  lower  lip 

s  t    oCet  Th    '  ^^"^^^      ^-^^         -"  and 

us  too  large  for  the  mouth  (see  Fig.  99) 

«-larlm^^^^^^^^  P""^^P^"3^  «f  <^he  bones.    There  is  an 

gement  of  their  outhne  by  a  new-formation  of  cancellous  bone. 
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Thus  the  bones  of  the  hand  are  increased  in  breadth,  and  are  rough  on 
the  surface,  but  there  is  no  proportionate  increase  in  length.  In  a  case 
described  by  Middleton,  the  elbow,  Avrist,  and  knee-joints  were  affected, 
but  this  is  exceptional.    The   integuments  are  enlarged   over  the 


Fig.  100.-Acromegaly  in  a  man  aged  forty-nii^e.  (Middleton.) 

hypertrophied  bones,  and  very  great  deforznity  ultimately  resdt, 
the  hands  being  like  great  unwieldy  fins.  (See  Fig.  100.)  Ihe 
elrged  fingerstre  mor:  or  less  uniformly  increased  in  s.e,  sometnnes 

tale-shaded.    The  nails  are  flat,  riclged,  or  st-" 
brittle    The  feet  show  corresponding  deformity.    Hypertrophic  Fui 
^Tntry  Osteo-arthropathy  is  a  P-lia:-ffection  which  h^^^^^^^^^^^^ 
Tnfounded  with  Acromegaly.    It  is  treated  under  ^^L- 

1  a«T,^i  T.FiTE  New  Syd.  Soc.  trans.,  1891;  Ekcklino 

Uteratuxe.-M^:K  and  ^oj-  ^^^^^^^^^  ,3,,,  Cc.xks,  Journ.  of 

HAU8EN,  Vu-ch.  Arch.,         '^"''^  '  j^^^    1893;  Middleton,  Clin.  Records. 
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10.  Addison's  Disease.— The  pathology  of  this  disease  is  still  very 
obscure,  but  the  connection  of  myxoedema  with  disease  of  the  thyroid 
has  suggested  that  the  symptoms  may  be  due  to  defect  in  the  secretion 
of  the  supra-renal  bodies,  which  in  the  vast  majority  of  cases  are  found 


^^-eSed  tll?i:^,t\alT""^  ^^^^^^  - 

'^-^-n  nervous  phenomena       tt\T";  ""^"^^'^^ 
^g-V^'^--^-once  marbVpr^^^^^^^   t1  ^"'^^^'^^  ^"  ^"^^^^^^^^ 
^hc  other  hand,  the  fact    W  .1.       '        "^^''""^  '^"P^^"^^" 
tact  that  the  supra-renal   bodies  are  so 
Q 
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intimately  related  to  the  semilunar  ganglion  and  neighbouring  plexus, 
and  the  possibility  that  they  themselves  may  be  largely  nervous 
organs,  renders  the  disentanglement  of  Addison's  disease  peculiarly 
difficult. 

The  disease  is  characterized  by  a  peculiar  bronze  pigmentation 
of  the  skin  and  pigmentation  of  the  buccal  mucous  membrane,  and, 
what  is  more  important,  by  constitutional  symptoms,  such  as  loss  of 
appetite,  inclination  to  vomit,  and  general  debility,  usually  ending 
fatally  in  about  two  years.  The  disease  in  the  supra-renal  bodies  is 
usually  tuberculosis,  which  attacks  both  organs,  and  causes  great 
destruction  of  their  substance,  sometimes  amounting  to  its  absolute 
annihilation  (see  Fig.  101).  On  the  other  hand,  there  is  usually,  if  not 
constantly,  a  matting  and  contraction  around  the  diseased  organs 
which  seriously  affects  the  nervous  structures  in  this  neighbourhood. 

Literature.-ABBisoN,  Dis.  of  supra-renal  capsules,  1855;  O™  and  ScntoB 
Journ  o   Physiol.,  1895;  O™,  Brit.  Med.  Jour.,  1895;  A.™b  Ziegle.  s 
S    xi    1891;  Von  Kahlbkn  (pigmentation),  Centralb.  f.  allgem  Path.,  vn., 
mi';  EoLisTo;  in  AUbutt's  Syst.  of  med.,  iv.,  1897,  and  Encycl.  med.ca. 
1899. 
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PYKEXIA— FEVER. 

Normal  temperature,  resulting  from  balance  of  production  and  discharge  of  heat, 
regulated  by  a  calorific  centre  in  the  brain.  Limitations  of  power  of 
regulation  when  body  exposed  to  excessive  cold  or  excessive  heat.  Causation 
and  Forms  of  Pyrexia — Production  from  lesions  of  nervous  system.  Post- 
mortem rise  of  temperature.  Pyrexia  from  contamination  of  the  blood, 
Fever  proper  ;  usually  due  to  action  of  microbes  ;  phenomena  of  cold  stage, 
of  fastigium,  and  of  crisis.  Theories  of  Pyrexia — The  nervous  and  the 
metabolic  theories.  Arguments  in  favour  of  the  latter.  Other  Phenomena 
of  fever :  cloudy  swelling,  increased  rate  of  pulse  and  respirations,  fall  of 
blood-pressure  and  nervous  disturbances.  Post-mortem  appearances  in 
fevers. 


"I^NDER  the  designations  pyrexia  and  fever  are  included  conditions 
of  the  body  in  which  the  constant  phenomenon  is  an  elevation 
of  the  temperature  of  the  body.  In  order  to  understand  this  patho- 
logical change  we  must  first  consider  the  normal  temperature  and 
the  causes  to  which  it  is  due. 

Normal  temperature.— It  is  a  remarkable  fact  that  in  man,  as 
in  other  warm-blooded  animals,  the  temperature  of  the  body  is 
maintained  at  all  climates  at  a  nearly  constant  level,  there  being 
m  the  healthy  person  merely  slight  daily  variations.  The  normal 
temperature  may  be  stated  at  about  99°  Fahrenheit  or  37°  Centi- 
grade. The  fact  implies  that  the  loss  of  heat  by  the  body  balances 
the  production  of  heat  in  the  body.  The  production  of  heat  is  by 
a  process  of  combustion,  and  its  amount  will  vary  with  the  quantity 
of  oxygen  absorbed  and  carbonic  acid  given  oif,  iust  as  in  any 
ordmary  eomlnistion. 

Normal  heat  production.— This  combustion  occurs  in  the  living 
source'  ^'^^'^^^^'^  ^^^^^  ^^^e  the  seat  of  heat  production.  The  chief 
sources  of  heat  are  the  active  muscles,  the  secreting  glands,  and  the 

rvous  system,  but  all  the- active  tissues  of  the  body  contribute. 
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Many  facts  render  it  apparent  that  heat  is  produced  in  much  greater  quantity  in 
muscular  contraction  than  in  the  performance  of  any  other  function.  We  are  not 
only  sensible  of  a  great  production  of  heat  during  muscular  exertion,  but  actual 
measurement  has  shown  that  during  contraction  the  muscles  produce  an  increased 
amount  of  heat. 

During  severe  muscular  exertion  the  body  temperature,  as  measured  in  the  axilla 
or  mouth,  has  been  found  elevated  as  much  as  from  0*5°  to  1°  Centigrade.  Also, 
the  amount  of  heat  given  off  while  prisoners  were  exercising  on  the  treadmill  has 
been  found  to  be  very  excessive.  Again,  the  measurement  of  the  temperature  of 
contracting  muscles  has  shown  that  heat  was  being  produced.  The  human  biceps, 
even  before  contraction,  has  a  temperature  of  about  1'5°  to  2°  C.  above  that  of  the 
surrounding  connective  tissue,  this  being  due  to  the  continual  tonic  contraction  of 
the  muscle  ;  but  during  contraction  the  temperature  rises  0-5°  to  1°  C.  (Breschet 
and  Becquerel,  Macalister.)  Bernard  also  found  the  blood  of  the  muscular  branch 
of  the  jugular  vein  increased  in  temperature  during  contraction  of  the  muscles  of 
the  jaw.  Then,  also,  there  is  the  great  rise  of  temperature  occurring  in  tetanus, 
whether  artificially  produced  in  animals  or  occurring  as  a  disease  in  man.  In  the 
former  case,  when  tetanic  spasm  is  produced  by  electric  stimulation,  the  tem- 
perature of  the  body  may  rise  5°  C.  In  man  very  high  temperatures  have  been 
registered  in  tetanus.  Wunderlich  has  found  it  as  high  as  44-75°  C.  {112-5°  F.), 
and  after  death  45-4°  C.  (113-6"  F.). 

The  muscular  tissue  of  the  body  seems  to  be  a  constant  source  of  heat  production. 
The  voluntary  muscles  are  in  a  continuous  state  of  tonic  contraction,  and  the  heart 
is  constantly  producing  heat  by  its  contractions.  It  has  been  calculated  by  Gr(5hart 
that  the  heat  produced  by  the  heart  is  about  equal  to  a  twenty-fourth  of  that  of  the 
whole  body. 

Next  to  the  muscles  the  Secreting  glands  seem  to  contribute  most  to  the  heat  of 
the  body.  Ludwig  found  that  when  the  submaxillary  gland  is  stimulated  the  secreted 
saliva  is  warmer  than  the  blood  of  the  carotid,  and  Bernard  found  the  blood  leaving 
the  glands  warmer  than  that  passing  to  them.  The  intestinal  glands  and  the  liver 
are  also  great  sources  of  heat.  Bernard  found  the  blood  of  the  portal  vein  0-1°  to 
0-4°  C.  higher  than  that  of  the  aorta,  and  the  blood  of  the  hepatic  vein  0-2°  to  0-4° 
higher  than  that  of  the  portal,  showing  that  heat  is  produced  first  in  the  glands  of 
the  intestine  and  then  in  the  liver.  The  highest  temperature  in  the  body  is  said  to 
be  found  in  the  liver. 

The  central  Nervous  system  is  also  a  heat  producer.  Observation  in  animals 
which  had  been  artificially  cooled  and  hibernating  marmots  showed  that  electric 
stimulation  of  the  nervous  system  causes  rise  in  temperature  in  the  brain. 

The  temperature  of  the  body  rises  slightly  after  the  ingestion  of  food.  This 
may  be  due  to  the  activity  of  the  glands  concerned  in  assimilation,  or  to  the 
oxidation  of  the  products  of  digestion  in  the  blood. 

The  production  of  heat  is  approximately  measured  by  the  consumption  of  oxygen 
and  elimination  of  carbonic  acid.  In  the  case  of  a  cold  or  tepid  bath,  more  heat 
must  be  produced  in  order  to  compensate  for  its  extraction  by  the  unusually  cold 
medium.  Experiment  shows  that  under  these  circumstances  there  is  an  increase 
in  the  absorption  of  oxygen  and  exhalation  of  carbonic  acid.  In  man  the  experi- 
ment  cannot  be  long  continued,  and  it  cannot  be  said  that  the  results  give  more 
than  an  approximate  indication  of  quantities.  The  carbonic  acid  produced 
may,  for  example,  be  retained  to  some  extent  in  the  body  and  so  the  results 
vitiated. 
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Discharge  of  heat.— The  living  body  is  continually  giving  off  heat  in 
various  ways,  but  chiefly  by  the  skin  and  lungs.  There  is  a  constant 
radiation  and  evaporation  from  the  surface  of  the  body,  while  in  the 
lungs  there  is  a  continual  cooling  of  the  respiratory  surfaces  by  the 
inspired  air,  and  a  further  loss  of  heat  by  the  evaporation  of  moisture 
from  these  surfaces.  The  amount  of  heat  lost  will  depend  on  the  one 
hand  on  the  extent  of  the  cutaneous  surface,  its  temperature,  the 
activity  of  perspiration,  and  the  temperature  of  the  surrounding  media, 
and  on  the  other  hand  on  the  depth  of  the  respirations  and  the  tem- 
perature of  the  inspired  air. 

Regulation  of  temperature. — The  fact  that  in  healthy  persons  the 
temperature  remains  close  to  a  constant  normal,  indicates  that  there 
are  arrangements  in  the  body  whereby  the  production  and  discharge  of 
heat  are  regulated  in  their  amount.  These  arrangements  are  under  the 
control  of  the  nervous  system,  which  must  contain  a  Calorific  centre, 
located  by  some  observers  in  or  above  the  pons,  and  more  particularly 
in  the  corpus  striatum,  the  puncture  of  which  in  animals  produces  a 
fever  commencing  in  a  few  hours  and  lasting  scA^eral  days ;  by 
others,  with  less  evidence,  in  the  cortex  of  the  cerebrum,  about 
the  middle  of  its  lateral  or  external  surface.  The  regulation  of 
temperature  takes  place  chiefly  by  modifying  the  discharge  of  heat  on 
the  one  hand,  and  its  production  on  the  other.  That  is  to  say,  the 
state  of  the  skin  as  regards  fulness  of  its  vessels,  and  activity  of  the 
sweat-glands  is  subject  to  variation  according  as  heat  requires  to  be 
economized  or  expended.  The  respiratory  movements  are  also  subject 
to  variation,  according  to  need.  Human  beings,  again,  assist  in  the 
regulation  by  clothing  themselves  according  to  the  requirements  of  the 
body.  By  these  means  the  central  nervous  system,  chiefly  through 
the  vaso-motor  and  respiratory  nerves,  regulates  the  loss  of  heat.  The 
production  of  heat  is  also  to  some  extent  controlled  by  the  nervous 
system.  When  more  heat  is  needed  the  tonicity  of  the  muscles  is 
increased,  they  become  harder  and  more  braced.  Shivering  is  a  kind 
of  exaggerated  tonicity  whose  rationale  seems  generally  an  increased 
production  of  heat. 

The  limits  of  the  power  of  regulation  are  seldom  reached  in 
healthy  persons.  Almost  any  variation  in  the  amount  of  heat 
produced  is  compensated  by  alterations  in  the  state  of  the  skin 
and  respiration.  Not  even  the  severe  muscular  exertion  of  climbing 
a  mountain,  producing,  as  it  does  an  enormous  excess  of  heat,  is 
able  to  raise  the  temperature  of  the  body  appreciably.  It  is 
interesting  to  observe,  however,  that  violent  contraction  of  muscles 
produced  by  morbid  influences  will  raise  the  temperature.    It  is 
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SO  in  convulsions  such  as  those  occuri'ing  in  epilepsy,  uraemia,  or 
tetanus. 

The  power  of  regulation  is  not  so  great  against  variations  in  the 
external  temperature.  Prolonged  exposure  to  cold,  especially  when 
the  muscles  are  relaxed,  frequently  reduces  the  temperature.  Some 
very  low  temperatures  have  been  observed  (Mace wen,  Reincke,  Peter) 
in  drunkards  who  have  lain  exposed.  On  the  other  hand  a  high 
temperature  in  the  surrounding  media  will  sometimes  raise  the  body 
temperature.  If  the  air  be  dry  the  body  can  meet  a  consideralile 
elevation  of  temperature,  compensation  being  effected  by  excessive 
perspiration,  but  if  the  air  be  moist  as  well  as  hot,  or  if  a  bath  be  used, 
then  the  temperature  will  rise. 

As  the  actions  of  the  body  involve  the  production  of  heat,  if  the  temperature  of 
the  surrounding  media  be  even  near,  without  quite  reaching  that  of  the  body,  then 
a  prolonged  exposure  will  raise  the  latter.  When  a  rabbit  is  kept  in  a  box  at  a 
temperature  above  32°  C,  its  temperature  rises,  so  that  when  the  air  is  at  36°,  the 
temperature  of  the  animal  has  risen  to  41  or  42°  (Rosenthal).  In  guinea-pigs 
Cohnheim  observed  a  similar  result.  Again,  Stapff  found  during  the  construction 
of  the  St.  Gothard  tunnel  that  men  working  in  damp  air  at  about  30°  C.  had  their 
temperature  raised  to  40°  C.  (104°  F.). 

The  regulation  may  be  rendered  inefScient  by  some  interference  with  the  regulating 
apparatus.  Thus,  persons  in  a  state  of  starvation  or  anajmia  are  not  in  a  condition 
to  increase  the  production  of  heat  so  readily  as  others,  and  hence  they  are  less  able 
to  withstand  cold.  Again,  interference  with  the  vaso-motor  nerves  may  hinder  the 
compensation  effected  through  them.  Thus,  the  division  of  the  sympathetic  nerves 
in  the  neck  of  rabbits,  by  paralysing  the  vaso-motor  nerves  of  the  ears,  produced  an 
active  congestion  in  these  parts,  which  lowered  the  temperature  two  degrees  C. 
Animals  paralyzed  by  curare  or  alcohol  are  more  readily  cooled  than  normal 
ones,  both  because  the  muscles  are  relaxed  and  because  the  cutaneous  vessels  are 
dilated.  Varnishing  the  hodies  of  rabbits  (with  tar,  linseed  oil,  collodion,  etc.) 
causes  a  hyperffimia  of  the  skin  and  thus  produces  a  lowering  of  temperature  which 
may  be  fatal.  Similarly,  extensive  burns,  by  producing  an  active  congestion  of  the 
skin  lead  to  a  lowering  of  temperature.  In  both  cases,  if  precautions  are  taken 
against  cooling,  the  temperature  is  not  reduced.  Hence  the  treatment  of  burns  by 
wrapping  in  cotton-wool.  .  , 

Post-mortem  rise  of  temperature  is  not  infrequently  observed,  especially  when 
the  temperature  has  been  above  normal  at  the  time  of  death.  This  is  explained  by 
the  fact  that  the  tissues  do  not  all  die  simultaneously,  and,  that  there  may  be 
considerable  heat  production  after  the  heart  has  ceased  to  contract.  The  cessation 
of  the  circulation  in  the  skin  will  greatly  reduce  the  loss  of  heat  by  radiation 
and  the  internal  heat  production  may  temporarily  counterbalance  the  loss.  A 
similar  explanation  is  given  by  Cohnheim  of  the  rise  of  temperature  in  the  collapse 
stage  of  cholera.  Here  coldness  of  the  surface  is  associated  with  rise  of  inteiual 
empe  ature.  The  former  is  ascribed  to  defective  circulation  in  the  cutaneous 
vessels,  due  to  the  thickening  of  the  blood  which  results  from  the  loss  of  fluid  bj 
the  bowels  which  is  characteristic  of  cholera. 
There  is  sometimes  a  ri.e  of  temperature  just  hefore  death  in  diseases  of  the 


FORMS  OF  PYREXIA. 


247 


central  nervous  system,  as  first  pointed  out  by  Wunderlieh.  This  is  sometimes 
associated  with  convulsions  or  spasms,  but  may  occur  without  these,  and  is 
difficult  of  explanation. 

Causation  and  forms  of  pyrexia. — Among  the  conditions  in  wMcli 
elevation  of  temperature  occurs,  there  are  two  distinct  classes  of  cases, 
which  may  indeed  be  used  as  mutually  illustrative  of  the  pathology  of 
fever,  but  which  in  the  first  instance  must,  be  kept  rigidly  apart.  There 
are,  on  the  one  hand,  cases  due  to  disease  or  injury  of  the  central 
nervous  system,  and,  on  the  other  hand,  cases  in  which  a  poison  of 
some  sort  is  present  in  the  blood.  It  is  to  the  latter  class  of  cases 
that  the  term  Fever  is  usually  applied,  this  term  including  other 
symptoms  besides  mere  elevation  of  the  temperature. 

Pyrexia  from  lesions  of  the  central  nervous  system. — There  are 
many  cases  on  record  in  which  injuries  or  diseases  of  the  brain  have 
led  to  elevation  of  temperature,  sometimes  to  a  high  degree.  These 
clinical  observations  have  been  confirmed  by  physiological  experiment. 
The  clinical  cases  consist  of  various  lesions  of  the  brain  and  cord,  such 
as  tumours,  injuries,  haemorrhages,  etc.  The  experiments  were  gener- 
ally such  as  separate  the  medulla  oblongata  from  the  pons. 

Dr.  Hale  White  has  made  a  very  admirable  collection  of  cases  of  pyrexia  from 
disease  of  the  nerve  centres.  He  classifies  the  cases  in  twelve  groups,  which 
include  tumours  of  the  brain  and  cord,  hsemorrhages,  especially  of  the  pons, 
embolism,  ill-defined  degenerations,  insular  sclerosis,  locomotor  ataxia,  obscure 
nervous  eases  (including  hysterical  pyrexia),  mental  disease,  injuries  to  the  spine 
and  brain.  He  endeavours  to  give  unity  to  the  cases  on  the  ground  that  in  all 
of  them  there  is  interruption  of  nerve-fibres  passing  from  a  supposed  centre  in 
the  motor  region  of  the  cortex  of  the  brain. 

From  these  observations  an  endeavour  has  been  made  to  establish 
the  existence  of  a  calorific  or  thermic  centre  in  the  brain,  that  is  to  say, 
of  a  centre  which,  by  its  own  action,  is  capable  of  producing  heat.  We 
have  seen  that  the  nervous  system  has  arrangements  for  the  regulation 
of  the  temperature,  but  there  is  not  sufficient  evidence  that  there  is  any 
single  centre  having  a  direct  control  of  the  process  of  heat  production. 
The  lesions  which  lead  to  elevation  of  temperature  are  such  as  to  pro- 
duce complex  derangement  of  the  vaso-motor  and  muscular  functions, 
and  it  cannot  be  said  that  these  have  been  sufficiently  eliminated  to 
prove  the  existence  of  a  centre  which  produces  its  effects  apart  from  the 
ordmary  processes  in  the  muscles,  blood-vessels,  etc. 

According  to  the  views  of  Wood,  which  are  partly  adopted  by  Hale  White,  the 
heat-producmg  tissues  have  a  continual  tendency  to  produce  too  much  heat,  and 
.  he  thermal  centre  is  chiefly  exercised  in  controlling  or  inhibiting  the  process.  '  As 
the  nervous  lesions  which  cause  a  rise  in  temperature  are  chiefly  such  as  paralyze 
or  divide  the  nervous  connections,  it  is  supposed  that  they  act  by  removing  the 
inhibition  of  the  thermic  centre. 
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Pyrexia  from  contamination  of  the  blood.  Fever  proper. — In  the 
great  majority  of  cases  pyrexia  is  produced  by  the  existence  in  the 
blood  of  abnormal  matters.  These,  as  we  have  seen,  are  most  com- 
monly the  products  of  the  action  of  microbes,  but  the  microbes  them- 
selves need  not  enter  the  blood  ;  it  is  sufficient  that  their  toxins  be 
present  there.  Thus  putrid  matter  injected  into  the  blood  gives  rise 
to  fever,  but  it  does  so  when  all  solid  particles  have  been  removed, 
and  only  the  dissolved  products  used.  In  the  case  of  putrid  wounds 
or  inflammations,  we  commonly  have  fever,  but  there  is  not  usually 
any  actual  propagation  of  bacteria  in  the  blood.  In  .tuberculosis  also, 
fever  is  usually  present,  but  it  seems  doubtful  whether  the  tubercle 
bacillus  is  at  all  capable  of  multiplication  in  the  blood. 

But  fever  may  be  produced  without  the  agency  of  microbes.  It  has 
been  induced  by  the  injection  of  small  quantities  of  water  containing 
granules  of  starch  or  charcoal.  These  particles  having  caused  obstruc- 
tion of  the  pulmonary  capillaries,  the  blood  shut  off  from  the  circulation 
undergoes  metamorphosis,  and  its  products,  being  absorbed,  cause 
pyrexia.  The  products  of  metamorphosis  of  the  blood,  produced  in 
other  ways,  may  lead  to  fever.  Thus  the  injection  of  large  quantities 
of  pure  water,  apparently  by  causing  solution  of  the  red  corpuscles, 
leads  to  elevation  of  temperature  (Billroth  and  others).  Even  an 
extravasation  of  blood  in  the  tissues  and  the  absorption  of  its  products 
may  lead  to  pyrexia.  Thus  Volkmann  found  that  in  14  cases  of  simple 
fracture  of  the  femur,  fever  was  present  in  11  cases,  in  5  it  lasted  for 
several  days,  in  one  as  long  as  ten. 

Fevers  have  been  divided  into  three  stages,  namely,  rigor  or  cold 
stage,  fastigium  or  acme,  and  crisis. 

During  the  Cold  stage  there  is  a  marked  feeling  of  cold,  and  the 
skin  is  cold  to  the  touch,  and  pale  or  livid  in  appearance.  The 
feeling  of  cold  is  actually  due  to  a  reduction  in  the  temperature  of 
the  skin,  and  the  shivering  which  is  often  pronounced  in  this 
is  a  reflex  stage  phenomenon,  just  like  ordinary  shivering  from  cold. 
The  coldness  of  the  surface  is  due  to  a  general  spasm  of  the  cutaneous 

While  the  surface  is  cold  there  is  a  great  rise  in  the  internal  tem- 
perature This  rise  may  be  partly  the  result  of  the  diminished  loss  of 
heat  from  the  surface,  but  is  not  entirely  so.  The  rise  is  too  great  to 
be  accounted  for  in  this  way.  For  instance,  Liebermeister  found  that 
in  the  cold  stage  of  intermittent  fever  the  temperature  in  the  rectum 
rose  in  thirty  minutes  as  much  as  2-31°  0.  (4°  F.).  This  author  also 
determined  that  in  the  cold  stage  there  is  a  great  increase  in  the 
process  of  combustion,  as  evidenced  by  the  elimination  of  carbonic 
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acid.  The  very  rapid  rise  in  temperature  is  therefore  due  to  increased 
production,  with  diminished  discharge  of  heat. 

The  Fastigium  is  characterized  by  a  more  or  less  continued  elevation 
of  temperature,  which  may  last  for  days  and  weeks  and  keep  near  that 
attained  at  the  end  of  the  cold  stage.  There  is  a  great  increase  both 
in  the  production  and  discharge  of  heat.  The  former  is  evidenced  by 
an  increased  absorption  of  oxygen  and  discharge  of  carbonic  acid,  and 
the  latter  has  been  determined  by  actual  observation.  The  hot  skin  of 
the  fever  patient  is  generally  a  sufficient  indication  of  excessiA^e  dis- 
charge of  heat,  but  Leyden  has  demonstrated  it  by  experiment,  in 
which  the  leg  was  put  into  a  bath,  and  the  loss  of  heat  measured  by 
the  rise  in  temperature  in  the  water. 

As  the  fever  patient  eats  less  than  a  healthy  person,  the  excessive 
production  of  heat  takes  place,  to  a  large  extent,  by  the  combustion  of 
the  tissues.  Hence,  as  the  fever  progresses,  there  is  great  Wasting  of 
the  tissues,  both  of  the  adipose  tissue  and  the  proper  nitrogenous 
tissues.  The  consumption  of  the  nitrogenous  tissues  is  expressed  by 
the  appearance  in  the  urine  of  an  excess  of  urea,  which  is  the  chief 
ultimate  product  of  the  metabolism  of  the  nitrogenous  principles  in 
the  body. 

Under  ordinary  circumstances  the  amount  of  urea  and  other  nitrogenous  sub- 
stances in  the  urine  bears  a  close  relation  to  the  diet,  being  greatly  diminished 
during  fasting ;  hence  the  excretion  of  urea  in  fever  can  only  be  appreciated  by 
comparing  it  with  that  of  a  healthy  person  on  the  same  diet.  A  young  healthy 
man  on  ordinary  febrile  diet  will  excrete  16  to  18  grammes  (24.5  to  27.5  grains)  of 
urea,  while  a  similar  person  in  fever  will  excrete  40  to  45  and  even  50  grammes. 
The  excess  of  urea  has  been  stated  by  Unruh  at  50  per  cent.,  by  Liebermeister  at 
70,  and  by  Senator  at  100. 

It  is  a  point  of  great  interest  that  the  increase  of  urea  begins  in  some  cases  before 
the  rise  of  temperature  (Sidney  Einger  and  others).  This  has  been  observed  chiefly 
m  relapsing  fever,  and  indicates  a  period  in  which  the  fever  is  latent.  There  is 
also  usuaUy  an  excess  of  urea  for  the  first  two  days  or  so  of  convalescence,  the 
"epicntical"  excess.  This  is,  in  some  cases,  due  to  a  retention  of  urea,  whose 
amount  sometimes  shows  a  diminution  towards  the  crisis  of  the  fever,  especially  in 
cases  characterized  by  the  so-called  '  typhoid  state.' 

Besides  the  increase  of  urea,  there  is  an  increase  of  the  so-called  extractives, 
which  are  nitrogenous  principles  of  various  kinds.    The  colouring  matter  is  greatly 
increased.    The  salts  of  soda,  and  more  particularly  the  chloride,  are  diminished 
increased.''      ^"'"'^        "^"""^  P^^^^Pl^^tes  and  sulphates  are 

The  State  of  the  skin  during  the  fastigium  is  worthy  of  special 
attention,  especially  as  it  forms  an  important  item  in  the  means  of 
regulating  the  temperature  of  the  body  in  health.  The  conditions  vary 
considerably  in  different  fevers,  and  even  in  the  same  case,  from  tim^e 
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to  time.  In  a  few  forms  (chiefly  acute  rheumatism)  there  is  usually 
profuse  perspiration,  but  as  a  general  rule  the  skin  is,  considering  the 
temperature,  remarkably  dry.  Even  apart  from  this,  however,  the 
condition  of  the  skin  in  regard  to  blood  supply  varies  greatly,  and 
its  temperatui'e  also  varies.  Hence  the  temperature  of  the  skin  does 
not  bear  a  close  relationship  to  that  of  internal  organs. 

The  Termination  of  fever  is  often  by  a  more  or  less  abrupt  Crisis. 
It  is  as  if  the  regulation  of  the  temperature  had  been  re-established  in 
its  normal  condition,  and  the  temperature  rapidly  falls  to  the  normal. 
This  is  often  accompanied  by  an  attack  of  sweating,  this  part  of  the 
apparatus  for  regulating  the  temperature,  which  we  have  seen  to  be 
disordered,  being  restored  to  action.  The  other  secretions  are  also 
restored  at  the  crisis,  the  salivary,  gastric,  etc.  It  is  remarkable  how 
a  temperature  which  has  been  for  days  or  weeks  persistently  above 
normal,  will  suddenly  and  definitely  fall,  and  with  this  all  the 
symptoms  at  once  improve.  Sometimes,  however,  there  is  a  more 
gradual  fall  of  temperature,  and  instead  of  a  crisis  we  have  a 
Lysis. 

Theories  of  pyrexia. — The  very  striking  phenomena  described  above 
have  been  somewhat  variously  explained.  In  order  that  the  different 
theories  may  be  understood,  let  us  remember  the  principal  facts  in 
regard  to  the  phenomena.  The  rise  in  temperature  is  due  directly  to 
an  abnormal  combustion  in  the  tissues,  but  the  actual  amount  of  heat- 
production  is  not  greater  than  what  frequently  obtains  in  health 
without  any  rise  in  the  temperature.  The  mode  of  heat-production  is 
usually  abnormal,  implying  a  pathological  metabolism  in  the  tissues, 
but  there  is  something  abnormal  also  in  the  regulation  of  the  tempera- 
ture, as  the  body  does  not  dispose  of  an  amount  of  heat  which  it  is 
capable  of  disposing  of  under  normal  circumstances. 

It  is  acknowledged  in  all  modern  theories  of  fever  that  the  abnormal 
heat-production  is  in  the  tissues,  and  is  the  result  of  increased  tissue- 
change,  and  it  is  agreed  that  the  regulating  process  by  the  nervous 
system  is  altered,  but  opinions  differ  in  regard  to  the  exact  place  which 
the  nervous  system  takes  in  the  matter.  According  to  one  view 
pyrexia  is  essentially  due  to  the  action  of  the  nervous  system, 
alterations  in  the  heat-centre  inducing  the  increased  tissue-change, 
^nd  at  the  same  time  changing  the  regulatory  process.  The  view 
opposed  to  this  is  that  the  increased  heat-production  is  due  directly 
to  the  action  of  the  contaminated  blood  on  the  tissues,  the  abnormal 
constituents  in  the  former  inducing  increased  chemical  change  in  the 
latter.  The  altered  regulation  is  also  regarded  as  related  to  the  state 
of  the  blood. 
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The  Nervous  theories  of  fever. — The  various  theories  which  trace 
pyrexia  to  a  nervous  origin  are  chiefly  based  on  the  facts  already 
indicated,  that  injuries  to  the  brain,  whether  produced  experimentally 
in  animals  or  accidentally  in  man,  have  been  known  to  cause  a  rise  in 
temperature,  sometimes  to  a  very  high  degree. 

The  view  of  Liebermeister,  adopted  in  this  country  by  Hilton  Fagge, 
is  that  in  fever  the  high  temperature  depends  on  a  change  in  the  normal 
function  of  heat-regulation,  according  to  which  the  balance  of  heat- 
production  and  discharge  is  so  arranged  that  the  temperature  is  main- 
tained at  a  higher  level.  The  regulatory  apparatus  is  at  work,  but  it 
has  pitched  its  normal  at  a  higher  level.  The  object  of  this  change  is  a 
curative  one.  The  high  temperature  has  an  influence  in  freeing  the 
blood  of  the  abnormal  constituents  which  we  have  seen  to  be  present 
in  fever. 

The  view  of  Wood,  Hale  White,  D.  Macalister,  and  others  is  almost 
the  converse  of  this.  According  to  them  the  heat-centre  is  paralyzed 
by  the  fever-producing  agent.  This  centre  when  in  normal  action,  as 
we  have  seen,  is  supposed  to  restrain  or  inhibit  the  production  of  heat, 
and  when  paralyzed  it  allows  of  an  over-production. 

The  Metabolic  theory  of  pyrexia. — According  to  this  theory  the 
abnormal  production  of  heat  is  due  to  the  direct  action  of  the  fever- 
producing  agents  on  the  living  tissues,  while  the  due  regulation  of  the 
temperature  is  interfered  with. 

To  the  author  there  are  insuperable  difficulties  in  accepting  the 
purely  nervous  theory  of  fever.  Pyrexia  is  produced,  as  we  have  seen, 
by  a  large  number  of  different  agents,  each  of  which  when  present  in 
the  blood  produces  a  rise  of  temperature.  They  do  so  also,  up  to  a 
certain  point,  in  proportion  to  the  amount  of  the  agent  present  in  the 
blood.  It  seems  inconsistent  that  such  different  agents  should  act  in  a 
similar  fashion  on  the  nervous  system. 

Besides,  the  production  of  heat  is  brought  about  by  a  process  distinct 
from  normal  heat-production.  In  the  normal  production  of  heat  in 
muscles,  contraction  is  a  constant  if  not  a  necessary  element,  and  the 
production  of  heat  in  glands  and  elsewhere  is  associated  with  the  per- 
formance of  their  function.  In  fever,  however,  the  muscles  are  relaxed 
and  the  glands  are  to  a  large  extent  deprived  of  their  function,  and  the 
production  of  heat  is  due  to  a  destructive  combustion  of  the  tissues 
and  IS  thus  abnormal  in  its  method.  It  seems  more  probable  that  a 
inorbid  agent  in  the  blood  directly  induces  this  change  in  the  tissues, 
than  that  it  should  be  due  to  a  nervous  influence. 

This  also  would  give  us  the  key  to  the  paralysis  of  the  regulatory 
apparatus.   This  apparatus  has  relations  on  the  one  hand  with  the  heat- 
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producing  functions,  and  on  the  other  hand  with  the  heat-discharging, 
and  it  is  by  the  mutual  regulation  of  these  that  the  normal  balance  is 
maintained.  But  if  heat-production  proceeds  from  an  extraneous 
cause,  and  is  therefore  placed  outside  the  influence  of  the  regu- 
lating centre,  then  the  latter  may  reasonably  be  expected  to  be  at 
fault.  In  addition,  the  fever-producing  agent  acts  on  the  nervous 
centres  as  well  as  on  other  organs,  and  produces  a  certain  paralysis 
of  their  functions,  just  as  it  paralyzes  secretion  and  muscular  con- 
traction. In  most  fevers  the  cerebral  functions  are  abnormal, 
although  the  form  of  disturbance  varies  considerably  in  the  different 
fevers. 

It  may  be  a  question  to  what  extent  the  increased  metabolism 
of  the  tissues  is  a  reaction  against  the  morbid  agent  in  the  blood. 
In  this  sense  the  rise  in  temperature  may  possibly  be  related  to 
the  elimination  of  the  morbid  agent,  although  the  view  that  the 
rise  in  temperature  in  itself  inhibits  the  morbid  poison  can  scarcely 
be  sustained. 

Other  phenomena  of  fever. — Most  of  the  remaining  phenomena  of 
fever  are  to  be  brought  into  relation  either  with  the  rise  in  temperature 
or  the  direct  action  of  the  fever-producing  agent. 

Parenchymatous  degeneration  or  Cloudy  swelling  is  a  frequent 
change  in  the  tissues  in  fever.  It  affects  chiefly  the  muscles  and  the 
secreting  glands.  Sometimes  there  is  great  enlargement  of  the  liver 
and  kidneys  from  this  cause.  The  weakness  of  the  heart,  which  is  so 
marked  in  many  fevers  and  may  give  rise  to  dilatation  of  its  cavities, 
is,  partly  at  least,  due  to  this.  The  parenchymatous  change  has  been 
ascribed  to  the  action  of  the  over-heated  blood  (Liebermeister, 
Wickham  Legg),  but  this  explanation  is  not  sufficient,  as  it  may 
be  absent  in  cases  where  the  temperature  has  been  high  (in  cases 
of  acute  pneumonia)  and  is  sometimes  present  without  fever  (Cohn- 
heim).  The  action  of  the  altered  blood  must  be  taken  along  with 
the  high  temperature. 

The  increased  rate  of  the  pulse  is  generally  referred  directly  to 
the  action  of  the  rise  in  temperature  on  the  heart.  It  is  known  by 
experiment  that  when  the  heart  is  artificially  raised  in  temperature 
by  heating  the  blood  which  is  passing  to  it  or  by  increasing  the 
temperature  of  the  surrounding  air  after  the  heart  has  been  exposed,  it 
beats  at  an  accelerated  rate.  The  increased  frequency  of  respiration 
is  also  ascribed  to  the  elevation  of  temperature  of  the  blood.  Gold- 
stein, by  heating  the  blood  in  the  carotid  so  that  the  temperature 
in  the  medulla  oblongata  was  raised,  caused  great  acceleration  of  the 
respiration. 
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Fall  of  blood-pressure  is  a  usual  concomitant  of  fever,  although  it  is 
not  always  present.  It  is  present  as  evidenced  by  Dicrotism  of  the 
pulse  in  typhoid,  septic,  and  puerperal  fevers,  but  absent  in  the  eruptive 
stages  of  scarlet  fever  and  small-pox  (Recklinghausen).  It  is  to  be 
ascribed  to  a  general  relaxation  of  the  arteries  due  to  a  paralysis  of  the 
muscular  coat  similar  to  that  of  the  voluntary  muscles,  and  also  to  some 
extent  to  the  weakness  of  the  heart. 

The  nervous  disturbances  in  fevers  vary  greatly  and  are  only  in  part 
to  be  ascribed  to  the  high  temperature.  In  relapsing  fever  and  in  the 
rise  of  temperature  which  sometimes  occurs  in  simple  fractures  or  under 
the  antiseptic  treatment  of  wounds  there  are  usually  no  nervous 
disturbances.  On  the  other  hand,  typhus  fever  is  usually  accompanied 
by  delirium ;  typhoid  with  dulness  of  mind,  etc. ;  while  in  children 
convulsions  occasionally  accompany  fever.  These  facts  indicate  that 
the  nervous  symptoms  are  essentially  related  to  the  pyrogenic  agent, 
and  differ  according  to  the  nature  of  it. 

Post-mortem  appearances  in  fever.— It  will  be  inferred  from  what 
has  gone  before  that  there  are  no  constant  anatomical  changes  charac- 
teristic of  all  fevers.  The  most  frequent  are  the  parenchymatous 
changes  already  referred  to,  but  even  these,  as  we  have  seen,  are  not 
constant.  In  the  acute  specific  fevers  the  blood  is  usually  found  after 
death  imperfectly  coagulated.  As  a  consequence  of  this  the  heemoglobin 
is  readily  dissolved  out  of  the  corpuscles  and  stains  the  internal  surfaces 
of  the  heart  and  vessels ;  the  colouring  matter  frequently  penetrates  to 
surrounding  parts,  producing  frequently  deep  staining  of  the  skin. 
The  spleen  is  enlarged  in  most  fevers,  and  it  is  frequently  very  soft, 
especially  in  typhus.  Sometimes  there  are  wedge-shaped  infarctions. 
The  liver  is  commonly  enlarged  from  parenchymatous  degeneration, 
which  is  frequently  associated  with  a  certain  amount  of  fatty  degenera- 
tion. The  kidneys  are  also  commonly  enlarged.  The  muscles  are 
liable  to  parenchymatous  degeneration,  but  they  are  also  subject  to 
waxy  or  hyaline  degeneration,  especially  in  typhoid  fever. 

Besides  these  general  changes,  many  of  the  individual  fevers  have 
specially  localized  lesions,  such  as  the  afFection  of  the  intestine  and 
mesenteric  glands  in  typhoid  fever,  of  the  throat  in  scarlet  fever  of 
the  skin  and  mucous  membranes  in  small-pox,  and  of  the  soft  mem- 
l3raues  of  the  brain  in  cerebro-spinal  meningitis. 

Literature^-_WuNDEnLicH,  Temperature  in  diseases,  Syd.  Soc.  transl.,  1871- 

TZTo,'2l        .^•^t'r"'^'  Hermann's  Handb! 
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HAUSEN,  Allg.  Path.,  1883,  449;  Liebebmeistkb,  Handb.  des  Fiebers,  1875- 
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morbid  and  normal  physiology,  Philadelphia,  1880;  Senatoe,  Untersnch.  iiber  d. 
fieberhaften  Processe,  1873;  Hilton  Fagge,  Medicine,,  i.,  34;  Macalister,  Gul- 
stonian  lectures,  1887,  and  Croonian  lectures,  1888  (Eeports  in  Brit.  Med.  Jour.) ; 
Breschet  et  Becqueeel,  Arch.  g6n.  de  m6d.,  1835,  and  Annales  d.  sc.  natur.,  1835; 
LuDvviG,  Lehrb.  d'.  physiol.,  1861;  Eeincke,  Deutsch.  Arch.  i.  klin.  Med.,  xvi.,  12; 
Peter,  Gaz.  hebd.,  1872,  Nos.  31  and  32;  Stapff,  Arch.  f.  Physiol.,  1879;  Ohd, 
Brit.  Med.  Jour.,  1885,  vol.  ii.,  783;  Billroth,  Langenbeck's  Arch.,  vi.,  ix.,  xiii. ; 
Unruh,  Virch.  Arch.,  xlviii.,  227;  Sidney  Ringee,  Med.  Chir.  trans.,  1859,  301; 
Goldstein,  Wiirzb.  Verhandl.  1871,  p,  156;  Welch,  On  the  General  Pathology  of 
Fever,  1888  ;  Keehl,  Lubarsch  and  Ostertag.  Ergebnisse,  1897 ;  Hale  White,  Guy'.s 
Hosp.  Eep.,  1884,  Brit.  Med.  Jour.,  ii.,  1897 ;  Jendeassik,  Eev.  d.  m6d.,  xxi.,  1901. 
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NEW-FORMATION. 


HYPERTEOPHY,  REPAIR,  REGENERATION,  TRANS- 
PLANTATION. 

New-formatioE  of  Tissues  by  karyomitosis.  Genesis  of  new-forinations  ;  from 
indifferent  cells ;  metaplasia.  I.  Hypertrophy,  compared  with  normal 
,  growth;  Hypertrophy  (1)  from  congenital  proclivity;  (2)  compensatory; 
(3)  from  increased  blood-supply ;  (4)  from  direct  stimulation ;  (5)  from 
friction.  II.  Regeneration  of  Tissue  ;  limited  powers  of  restoration  in  man. 
III.  Repair  of  Injuries ;  healing  of  wounds,  restoration  of  blood,  epithelium, 
and  connective  tissues,  also  nerve  and  muscles.  IV.  Transplantation,  effected 
by  experiment  in  animals,  spontaneously  or  by  operation  in  man. 

NEW-FORMATION  OF  TISSUE. 

^HE  pathological   new-formation   of  tissue   occurs   by  processes 
analogous  to  those  concerned  in  the  physiological  formation  of 
tissue  in  the  process  of  growth. 

Karyomitosis  (Kapw  =  nucleus,  /xtTos  =  a  thread  or  fibre).— The  new- 
formation  of  tissue,  whether  physiological  or  pathological,  implies 
cell-division.  According  to  the  views  of  Remak  this  process  consists 
m  a  direct  division  of  the  nucleus  and  cell.  The  observations  of 
Flemmhig  and  Strassburger  show  that  in  the  growth  of  both  animal 
and  vegetable  tissues  the  process  is  not  so  direct,  but  involves  certain 
changes  in  the  nucleus  of  a  striking  and  peculiar  nature.  To  this 
process  the  names  Indirect  division,  Karyokinesis,  Karyomitosis  have 
been  applied, 

This  process  occupies  a  comparatively  short  time,  seconds  or  minutes,  and  is 
itl?;    '  T  Vi"  T^""'"'     post-mortem  examinations.    In  order  to  observe 
h  nr  '  $1°'!,"'^^'  ''''''       "^'"S  immediately  subjected  to 

the  proper  fixmg  and  hardening  processes,  preparatory  to  microscopic  examination. 

The  general  outlines  of  the  process  may  be  followed  in  Fig.  102. 
tor  a  detailed  account  of  the  various  stages  the  student  is  referred 
to  recent  histological  treatises. 
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The  nucleus  in  a  state  of  rest  is  not  a  homogeneous  body.  It  has 
a  limiting  membrane,  inside  which  the  contents  are  composed  of  two 
substances.  One  of  these  is  deeply  stained  by  certain  reagents,  and  is 
hence  called  Chromatic  substance,  while  the  other  is  less  stained  and 
is  called  Achromatic.  The  chromatic  substance  forms  a  finely  fibrous 
stroma  (see  a,  Fig.  102)  in  the  interstices  of  which  the  achromatic 


Fig.  102. — Division  of  cells.    Explanation  in  text.    (After  Flemmino.) 

substance  and  the  nucleoli  lie.  It  is  the  fibrous  stroma  which  is 
mainly  concerned  in  the  processes  which  precede  division.  The 
membrane  and  nucleoli  disappear  and  the  fibres  become  thicker  and 
stain  more  deeply  than  before  (see  b,  Fig.  102).  They  also  take  on 
a  more  distinctly  convoluted  arrangement.  The  fibres  seem  to  have 
a  power  of  movement  since  they  alter  their  position  as  the  process 
proceeds  (hence  the  name  karyokinesis,  from  /capwv  =  nucleus,  and 
^^'^^0-^5  =  movement).  From  the  convoluted  form  the  stellate  form  of 
the  fibres  (c)  develops,  and  the  fibres  by  longitudinal  division  become 
finer  The  fibres  now  arrange  themselves  in  the  equator  of  the 
nucleus  (at  cl  and  e),  and  divide  into  two.  The  two  halves  now 
diverge  from  one  another  towards  the  poles  of  the  cell,  and  form 
there  the  fibres  of  the  new  nuclei.  At  first  they  have  a  stellate 
arrangement  (/)  which  by  degfees  gives  place  to  a  convoluted  forma- 
tion The  nucleus  then  subsides  into  a  state  of  rest,  the  fibres  to  a 
great  extent  disappear,  and  the  cell  membrane  is  formed.  After 
the  polar  separation  of  the  daughter  nuclei  the  cell  itself  shows  signs 
of  division,  and  so  the  process  is  completed.  .     n  ,^ 

The  process  of  karyomitosis  is  to  be  observed  in  all  kinds  of  patho- 
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logical  new-formation.  It  is  abundantly  evident  in  growing  tumours, 
in  tubercles  (according  to  Baumgarten),  in  inflammatory  new-formations, 
and  it  is  probably  the  chief,  if  not  the  only  method,  of  new-formation 
of  permanent  cells.  In  fact,  the  activity  of  new-formation  may  in 
general  be  estimated  by  the  number  of  cells  in  which  karyomitosis 
is  visible. 

According  to  Arnold  the  process  is  not  so  uniform  as  that  described  above,  but 
follows  two  types  which  he  designates  segmentation  and  fragmentation,  but  he 
suggests  that  the  two  may  be  simply  modifications  of  the  same  type.  There  is 
probably,  in  addition  to  this,  a  direct  division  of  cells,  which  occurs  chiefly  in 
leucocytes. 

Genesis  of  new-formations.— An  important  question  in  regard  to 
new-formations  is,  as  to  their  origin  and  their  relation  to  the  existing 
tissues.  It  will  be  found  that  the  new-formed  tissue  always  conforms 
in  the  details  of  its  structure  to  one  or  other  of  the  normal  tissues. 
No  new-formation  is  foreign  to  the  organism  ;  there  is  no  heterologous 
or  heteroplastic  new-formation.  For  the  most  part,  the  new-formed 
tissue  springs  from  and  is  in  close  relation  with  tissue  of  its  own  kind. 
It  sometimes  happens,  however,  in  the  case  of  tumours  that  their 
tissue  extends  to  structures  of  a  difi-erent  nature  from  their  own,  and 
in  this  sense  the  term  heterologous  is  sometimes  used. 

In  its  earlier  periods,  after  the  cleavage  of  the  germinal  vesicle,  the 
embryo  consists  of  a  mass  of  round  cells  which,  from  the  fact  that  they 
present  no  visible  differentiation  of  structure,  may  be  called  Indifferent 
cells.  Whilst  they  are  themselves  devoid  of  visible  special  structure 
these  early  embryonic  cells  contain  in  them  the  powers  requisite  for  the 
development  of  the  whole  being  of  whose  cells  they  are  the  parents. 
These  cells  form  the  three  germinal  layers,  the  epiblast,  hypoblast,  and 
mesoblast.  When  once  this  differentiation  has  occurred  these  layers 
remain  distinct,  and  each  produces  its  own  special  tissues.  The  same 
distmction  IS  presumably  carried  out  in  pathological  new-formations. 
It  was,  indeed,  suggested  by  Virchow  that  the  connective  tissue  which 
exists  in  every  part  of  the  body,  penetrating  amongst  other  tissues, 

Mssue     /Th        "  T  """"^  undifferentiated  embryoni.; 

tissue.    In  this  sense  he  regarded  connective  tissue  as  the  essential 

some  new-formations  to  the  development  of  these  cells     The  general 

differentiation  of  the  germinal  layei^hS T 
pathological  a.  well  as  for  physiological  new-formation,  and  that  tissues 
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do  not  originate  except  from  tissues  of  their  own  nature.  The  greatest 
difficulty  in  this  respect  is  in  regard  to  cancers,  under  which  heading 
the  subject  will  be  again  alluded  to. 

Metaplasia. — A  certain  interchangeability  is  manifested  among  the 
different  tissues  belonging  to  the  connective  tissue  series.  These 
really  form  a  single  tissue  having  certain  modifications,  so  that  fibrous 
tissue,  bone,  cartilage,  mucous  tissue,  adipose  tissue,  may  not  only 
be  developed  to  a  certain  extent  from  each  other,  but  may  even  be 
converted,  when  mature,  into  each  other.  Here  we  have  a  true 
metaplasia.  Thus,  adipose  tissue,  by  absorption  of  the  fat,  becomes 
loose  connective  tissue,  connective  tissue  by  attraction  of  lime-salts 
becomes  osseous  tissue,  cartilage  also  develops  into  bone,  or,  by  a 
different  change  in  its  matrix,  forms  mucous  tissue. 

Classification  of  new-formations.— The  new-formation  of  tissue 
occurs  under  three  different  circumstances.  It  may  be  virtually  a 
continuation  of  normal  growth,  the  new  tissue  being  produced  to 
subserve  the  normal  functions  of  the  body.  Secondly,  it  may  occur 
in  consequence  of  the  application  of  an  irritant  which  directly 
stimulates  the  tissues.  Inflammatory  new-formation  is  an  example 
of  this,  and  we  have  a  further  example  in  the  specific  or  infective 
new-formations.  Lastly,  there  is  a  group  in  which  no  cause  is 
apparent  for  the  new-formation;  the  tissue  simply  grows,  without 
any  apparent  stimulus  and  without  any  purpose  in  the  economy. 
This  comprises  the  group  of  tumours  proper,  in  regard  to  some  of 
which,  however,  the  existence  of  parasitic  organisms  as  the  stimulat- 
ing agents  has  been  at  least  suspected. 

In  the  present  section  the  first  of  these  groups  will  be  considered. 

Literature.-ira.2/omi«o«8-F™iNG,  Virch.  Arch.,  vol.  Ixxvi.,  and  Zellsub- 
stanz  Kern-  und  Zelltheilung,  1882  ;  Stbassbtjegee,  Zellbildung  und  Zelltheilung, 
1876,  Kerntheilung,  1884;  Ebeeth,  Virch.  Arch.,  vol.  Ixvii.;  Abnold  Virch.  Arch 
xciii  xcv  xcvii.;  Baumgarten,  Tuberkel  und  Tuberkulose,  1885;  Maetin,  Virch. 
Arch.',  Ixxxvi. ;  K.eik,  Quarterly  Jour,  of  Micr.  Science,  xvii  and  xix. ;  Biz^ozero, 
Virch.  Arch.,  ex. ;  Wilson,  The  Cell  in  Development  and  Inheritance,  1900. 

I. —HYPERTROPHY. 

The  term  hypertrophy  means  overgrowth  or  excessive  growth. 
Lookin-  to  the  cellular  constituents  of  the  tissues,  Virchow  has  drawn 
^  distinction  between  an  increase  of  tissue  due  to  an  enlargemen 
of  the  cells  and  that  due  to  a  numerical  increase,  applying  to  the 
latter  the  term  Hyperplasia.  This  distinction,  however,  cannot  be 
carr  ed  ou^^^^^  in  many  cases  both  substantial  and  numerical  increase 
Zy  t  present.    The  term  hyperplasia  may,  however,  be  used  where 
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it  is  intended  to  convey  the  meaning  that  cell-division  or  proliferation 
is  excessive. 

Normal  growth,  as  seen  in  the  tissues  during  the  period  of  adoles- 
cence, is  determined  by  impulses  inherent  in  the  impregnated  ovum. 
Already,  at  this  early  period,  the  sex  and  details  of  structure  are 
implicitly  inherent  in  the  embryo,  which  enters  on  its  career  of  de- 
velopment with  a  pre-determined  plan.  The  tissues  cease  to  grow  at 
the  period  of  maturity  not  because  their  powers  of  new-formation  hare 
been  exhausted,  but  because  this  plan  has  been  fulfilled.  Hypertrophy 
may  occur  because  of  some  error  in  the  embryonic  arrangements,  or 
it  may  be  due  to  some  stimulus  acting  on  the  tissues  after  birth.  In 
the  latter  case  the  effect  will  be  greater  when  the  stimulus  is  applied 
during  the  period  of  normal  growth  than  after  the  state  of  maturity 
has  been  reached.  In  all  cases  the  new-formed  tissue  is  in  structure 
and  function  essentially  similar  to  the  normal  tissue  of  its  kind,  and 
forms  an  addition  to  the  existing  active  tissue  of  that  kind. 

1.  Hypertrophy  from  congenital  proclivity. — ^ There  may  be  an 
excessive  growth  of  the  whole  body,  so  that  the  person  becomes  a 
giant ;  or  there  may  be  a  localized  hypertrophy,  as  of  the  fingers,  one 
side  of  the  face,  etc.  There  are  also  cases  in  which  at  birth  there  is  a 
hypertrophy  of  the  tongue,  penis,  neck,  or  a  lower  extremity. 

2.  Compensatory  hypertrophy. — This  form  of  hypertrophy  implies 
that,  as  a  result  of  some  defect  in  the  organism,  some  function  has  been 
called  into  unusual  exercise.  As  a  result  of  the  continued  excessive 
exercise,  the  tissue  is  increased.  The  necessity  for  this  increased 
exercise  may  arise  in  one  of  two  ways ;  there  may  be  from  atrophy 
or  destruction  an  actual  loss  of  tissue,  and  the  remaining  tissue  enlarges 
to  bring  it  up  to  the  normal  amount;  or  the  circumstances  may  be 
such  as  to  call  for  the  exercise  of  a  particular  function  in  excess  of 
what  is  usual,  so  that,  in  relation  to  the  increased  need,  the  existing 
tissue  is  defective  in  amount.  In  this  case  the  new-formed  tissue  con- 
stitutes by  so  much  an  absolute  excess  over  the  average  normal. 

The  most  striking  instance  of  compensatory  hypertrophy  from  loss 
of  tissue  is  that  afforded  by  the  enlargement  of  one  kidney  as  a  result 
of  destruction  or  disease  of  the  other.  The  hypertrophied  kidney 
sometimes  attains  to  the  bulk  of  the  two  normal  ones,  especially  if  the 
lesion  has  occurred  in  a  young  person.  A  similar  hypertrophy  occurs 
in  the  lung  m  cases  of  congenital  non-inflation  of  one  lung ;  also  in  the 
testicle,  where  one  is  wanting  or  defective  in  its  development,  and  in 
the  liver,  where,  from  destruction  of  a  large  portion  of  the  right  lobe, 
the  left  may  attain  to  the  size  which  the  right  normally  presents.  (See 
under  the  affections  of  these  various  organs  ) 
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It  is  necessary  to  distinguish  Pseudo-hypertropliy  from  the  proper  compensatory 
hypertrophy  illustrated  above.  Atrophy  of  a  tissue  may  be  accompanied  by  an 
excessive  growth  of  tissue  different  from  that  which  has  been  lost,  and  the  new 
tissue  may  not  only  make  up  the  normal  bulk  but  exceed  it,  so  as  to  give  an 
appearance  of  hypertrophy.  Atrophy  of  muscle  is  frequently  accompanied  by 
development  of  adipose  tissue  between  the  ultimate  fibres,  and  in  pseudo-hyper- 
trophic  paralysis  a  deceptive  appearance  of  hypertrophy  of  the  muscles  is  produced. 
A  similar  excessive  production  of  adipose  tissue  sometimes  occurs  around  effete  and 
disused  glands.    (See  under  Fatty  infiltration.) 

The  other  form  of  compensatory  hypertrophy,  characterized  by 
absolute  excess  of  tissue,  is  exhibited  chiefly  in  muscular  organs.  In 
the  case  of  canals  with  muscular  walls,  increased  muscular  effort  com- 
pensates for  defects.  Thus  the  walls  of  the  heart  frequently  hyper- 
trophy from  disease  at  the  orifices,  in  the  valves,  or  in  the  general 
vascular  system.  The  urinary  bladder  shows  hypertrophy  of  its 
muscular  coat  in  consequence  of  obstruction  at  its  neck  (enlarged 
prostate)  or  in  the  urethra.  The  muscular  coat  of  the  stomach  fre- 
quently hypertrophies  from  obstruction  of  the  pylorus,  and  that  of 
the  intestine  from  obstruction  of  its  calibre.    (See  under  the  organs 

named.)  , 
3  Hypertrophy  from  increased  blood-supply.— In  ordmary  growth 
of  tissue,  whether  normal  or  pathological,  the  blood-vessels  strictly 
follow  the  growing  tissue,  and  are  formed  according  to  its  needs.  But 
if,  from  some  accidental  circumstance  or  by  artificial  interference,  the 
blood-supply  be  greatly  increased,  then  excessive  growth  may  result. 
If  the  spur  of  the  cock  be  removed  from  the  leg  and  successfully  trans- 
planted into  the  comb,  it  will  grow  with  excessive  vigour  forming  a 
prominent  horn-like  structure.  Here  the  increased  supply  of  blood,  the 
comb  having  a  much  more  active  circulation  than  the  leg,  induces  an 
excessive  growth  of  the  epidermis  forming  the  spur. 

The  observations  of  Bizzo.ero  and  his  pupils  are  of  interest  in  this  r^latio^^^^  By 

•,v,or,+=  conducted  on  rabbits  he  found  that  where  a  process  of  cellular  new 

Lrlon  ;  Cm  t«rw.s  goi.6  o„,  .Ms  was  „o.  stopped  b.. 

foimatioi.0,      y  ^^^^^  ^^^^       ^^^^^  g,„av 

LliblZ^inua><>  blood.suppl,  and  .le,.li»g  the  temperature  ol  .  part. 
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In  human  pathology  we  have  numerous  instances  of  hypertrophy- 
from  increased  activity  of  the  circulation.  We  see  it  in  the  neigh- 
bourhood of  inflammations.  Determination  of  blood  exists  outside  the 
immediately  inflamed  area,  and  if  this  is  prolonged  it  may  lead  to 
overgrowth  of  the  tissues.  In  this  way  we  may 
account  for  the  excessive  growth  of  hair  some- 
times seen  in  the  neighbourhood  of  ulcers,  near 
diseased  joints,  and  at  the  ends  of  stumps  which 
have  remained  long  inflamed. 

A  very  striking  instance  of  hypertrophy  of  this 
kind  is  sometimes  aff'orded  in  bones.  In  the 
neighbourhood  of  inflamed  joints  the  surface  of  the 
bones  is  often  nodulated,  and  the  bones  greatly 
thickened  by  new-formation  under  the  periosteum. 
Again,  if  a  child  has  a  necrosis  of  the  femur,  the 
whole  bone  may  be  more  richly  supplied  with 
blood,  and  the  normal  growth  accelerated.  The 
necrosis  may  be  recovered  from,  and  the  person  be 
left  with  a  permanently  elongated  femur,  which 
may  be  as  much  as  two  inches  longer  than  the 
other,  and  this  may  lead  to  considerable  lameness. 
The  tibia  is  differently  situated  to  the  femur.  Its 
two  extremities  are  tied  to  the  ends  of  the  fibula 
by  firm  ligaments,  and  so  the  bone  cannot  freely 
elongate.  If  overgrowth  occurs  the  bone  must 
curve  so  as  to  accommodate  itself.  An  example  of 
this  is  shown  in  the  accompanying  Figure,  from  a 
preparation  in  St.  Bartholomew's  Hospital  Museum 
(quoted  by  Paget),  in  M^hich  the  bone,  measured 
over  its  curve,  was  two  inches  longer  than  the 
healthy  one  (Fig.  10.3). 

In  this  confies.tion  Ribbert's  views  on  hypertrophy  may  be  noticed.  He 
holds  that  an  inherent  capacity  for  growth  is  possessed  by  all  cells,  and  that 
this  IS  held  in  restraint  by  what  he  calls  the  "tissue-tension"  of  the  neigh- 
bouring parts  and  by  the  influence  which  the  body  as  a  whole  exerts  on  its 
component  parts.  If  the  tissue-tension  is  removed  or  diminished  growth  will  take 
CsuP  i^T^^'^rlt'  ^^P^-^^ting  parts  one  from  another,  will  tend  to  lessen  the 
ZZrX\  I     '"^--t  power  of  growth  is  thus  no  longer  held  in  check,  and 

has  been  applied  as  an  explanation  of  the  origin  of  new  growths. 

4.  Hypertrophy  from  direct  stimulation.-From  the  observations  of 
wegner  it  appears  that  small  doses  of  phosphorus  administered  to 
growing  animals  caused  the  epiphyseal  layer  of  cartilage  to  produce 


Pig.  103.  —  Elongation 
and  curvature  of  tibia,  the 
result  of  necrosis  during 
period  of  growth.  (Paget.) 
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dense  bone  instead  of  spongy.  The  periosteum  also  produced  bone 
in  excess,  so  that  increased  thickness  resulted.  Similarly  Gies 
observed  after  the  administration  of  small  doses  of  arsenic  to  growing 
rabbits  an  increase  in  the  growth  of  the  bones,  and  when  administered 
to  pregnant  rabbits  the  young  were  born  with  both  soft  parts  and 
bones  larger  than  those  of  the  young  of  rabbits  of  similar  size. 
These  observations  of  Gies  have  not  been  fully  confirmed  by  Stock- 
man and  Greig.  In  these  instances  the  phosphorus  and  arsenic 
would  seem  to  act  as  direct  stimulants  to  the  bone  and  other  tissues. 
Certain  observers,  however,  hold  that  these  changes  may  be  the  result 
of  diminished  tissue  waste. 

5.  Hypertrophy  from  pressure  or  friction. — Thickenings  of  the 
epidermis  occur  in  places  where  the  skin  is  exposed  to  unusual  pressure 
or  friction.  Continued  pressure,  as  by  a  splint  or  bandage,  causes 
atrophy,  but  intermittent  pressure,  by  allowing  the  parts  to  recover, 
and  by  affording  time  for  increased  nutrition,  gives  rise  to  hypertrophy. 
We  have  thus  the  horny  hands  of  workmen,  and  corns,  which  consist 
of  concentric  thickenings  of  the  epidermis.  The  same  law  applies  to 
internal  parts,  but  as  pressure  from  within,  produced  by  tumours, 
aneurysms,  etc.,  is  usually  constant,  atrophy  is  much  more  frequently 
the  result.  Hence  the  original  statement  of  John  Hunter  is  justified, 
that  pressure  from  without  produces  thickening,  while  that  from  within 
causes  atrophy,  although  it  is  not  to  be  taken  without  reservation. 

Literature.-HuNTER,  Palmer's  ed.,  vol.  i.,  pp.  421  and  560;  Vikchow,  Cellular 
Path  •  Paget,  Lect.  on  Surg.  Path.;  Stanley,  Diseases  of  the  bones,  1839;  Coats. 
Compensatory  hypert.,  Proc,  Lond.  Med.  Soc,  vol.  vii.;  Bizzozeeo,  Internat.  Med. 
Congress  at  Eome,  1894,  Eeport  in  Brit.  Med.  Jour.,  1894,  i.,  728;  Gies,  Arch._f. 
exp  Path.  u.  Pharm.,  vol.  viii.;  Stockman  and  Greig,  Journ.  of  Phys.,  No.  o, 
1898  ;  Wegnbe,  Virch.  Arch.,  Iv.;  Eibbeet,  Das  pathologische  Wachstum,  1896; 
AscHOFF  (with  literature),  Lubarsch  and  Ostertag,  Ergebnisse,  1900. 

II.-REGENERATION  OP  TISSUE. 
The  term  Regeneration  is  applied  to  the  restoration  of  portions  of 
the  body  which  have  been  lost  by  injury  or  disease.  The  regeneration 
of  a  part  is  to  be  carefully  distinguished  from  mere  growth  or  hyper- 
trophy. A  tissue  may  be  able  under  suitable  stimulation  to  reproduce 
its  elements,  and  increase  in  size;  but  for  the  replacement  ot  a  ost 
part,  if  at  all  considerable,  there  must  be,  virtually,  a  renewal  ot 
the  process  of  development.  To  effect  this  renewal  of  development  the 
cells  of  a  part  must  carry  with  them  a  considerable  share  of  the 
oHginal  germinal  material  by  the  action  of  which  the  animal  ..s 
forled  in  the  process  of  development.     Such  an  extension  of  the 
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determining  power  occiirs  very  extensively  in  plants  which  seem  in- 
most of  their  parts  to  have  the  powers  of  formation  of  the  whole. 
In  the  animal  kingdom  it  is  much  more  limited. 

The  reproduction  of  lost  parts  in  their  entirety  occurs  readily  in 
some  of  the  lowest  forms  of  animals.  In  the  hydra,  if  the  creature 
be  cut  in  two,  each  half  will  develop  into  a  complete  animal,  and  the 
process  may  be  repeated  indefinitely.  This  power  of  reproduction  of 
the  whole  animal  from  a  part  seems  confined  to  those  creatures  which, 
like  plants,  can  propagate  by  spontaneous  fission  or  gemmation.  When 
we  come  to  animals  higher  in  the  scale  the  power  of  reproduction 
seems  to  be  limited  to  the  restoration  of  lost  limbs,  antennge,  etc. 

Without  going  into  details,  which  will  be  found  in  Paget's  "Lectures  on 
Surgical  Pathology,"  it  may  be  said  that  there  are  indications  which  seem  to 
show  that  there  is  some  kind  of  law  according  to  which  the  reparative  power  in 
each  perfect  species  is  in  inverse  proportion  to  the  amount  of  change  which  the 
animal  has  passed  through  in  its  development  from  the  embryonic  to  the  perfect 
state.  It  is  as  if,  in  the  process  of  development,  the  formative  power  as  dis- 
tinguished from  mere  growth  were  gradually  exhausted,  and  the  process  of  repro- 
duction, which  we  have  seen  to  be,  as  it  were,  a  renewal  of  that  development, 
only  occurs  when  this  power  has  been  comparatively  little  expended.  It  appears, 
for  instance,  that  in  insects  the  power  of  reproducing  antennte  or  limbs  is  limited 
to  those  species  which  have  attained  the  perfect  state  through  a  comparatively 
simple  and  direct  course  of  development.  It  is  consistent  with  this  view  that 
in  the  larval  state  insects  show  a  much  greater  power  of  reproduction  than  when 
perfect.  The  larva  of  one  of  the  higher  insects  is  able  to  reproduce  its  limbs, 
while  the  perfect  insect  is  not. 

In  man,  and  in  the  vertebrata  in  general,  the  long  course  of  development  seems 
largely  to  exhaust  the  reproductive  power  of  the  body,  and,  in  the  adult  state  at 
least,  the  power  of  restoration  of  lost  parts  is  very  limited,  and  the  processes 
concerned  are  almost  as  much  related  to  growth  of  tissue  as  to  development.  In 
the  embryonic  state  it  is  probable  that  the  power  of  restoring  lost  parts  is  much 
greater  than  in  the  adult.  Some  children  are  born  with  a  short  arm,  at  the 
extremity  of  which  are  imperfectly  developed  fingers ;  it  is  probable  that  in  these 
cases  amputation  of  the  arm  has  occurred  in  utero,  and  an  attempt  at  restoration 
has  followed. 

In  the  human  being  after  birth  it  may  be  said  that  restoration  of 
lo.st  structures  is  almost  confined  to  the  epithelial  and  connective 
tissues  and  to  the  blood.  Along  with  the  connective  tissues  we  have, 
of  course,  blood-vessels,  which  are  readily  reproduced,  and  we  may 
also,  to  a  limited  extent,  include  nerve-fibres,  which,  as  we  shall  see 
atterwards,  are  sometimes  restored. 

The  blood  is  gradually  regenerated  when  in  consequence  of  hasmor- 
rnage  its  bulk  is  reduced.    The  fluid  portion  is  rapidly  restored,  the 

ite  corpuscles  are  also  soon  replaced,  but  the  red  corpuscles  some- 
what more  slowly.    (See  Anaemia.)  ■ 
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The  epithelial  structures  of  the  body  are  to  a  large  extent  con- 
tinually undergoing  a  physiological  process,  of  loss  and  regeneration. 
The  hairs  of  men  and  animals  fall  out  at  intervals  and  are  restored  ; 
the  feathers  of  birds  undergo  a  similar  process;  the  nails  and  horny 
layer  of  the  epidermis  are  continually  lost  and  replaced  by  new- 
formation.  The  plucking  out  of  hairs  or  feathers,  or  the  removal  of 
nails  is  followed  by  their  restoration,  so  long  as  the  papillae  are  not 
destroyed.  It  is  an  interesting  fact  that  when  the  whole  distal 
phalanx  of  the  finger  is  removed,  or  even  the  two  terminal  phalanges, 
there  may  be  a  partial  restoration  of  the  nail  in  that  which  has  become 
the  terminal  phalanx.  There  is  also  a  case  recorded  in  which  a  boy, 
apparently  affected  with  ichthyosis,  regularly  shed  his  nails.  (See 
references  in  Eecklinghausen.) 

On  the  general  surface  of  the  skin  and  mucous  membranes  there 
is  normally  a  continuous  shedding  of  the  surface  epithelium,  and  a 
karyomitosis  in  the  deeper  layers  to  replace  that  which  is  lost — a 
kind  of  physiological  regeneration.  When,  by  accident  or  other- 
wise, a  superficial  portion  of  epithelium  is  shed  before  its  time,  it 
will  be  replaced  by  the  requirements  of  the  body.  When  the  whole 
thickness  of  the  epithelium  is  destroyed  the  gap  is  by  degrees  filled 
by  the  proliferation  of  the  epithelium  at  the  edges  of  the  wound,  as 
we  have  already  seen  in  the  case  of  the  cicatrization  of  a  granulating 
wound.  According  to  the  observations  of  Klebs  the  new-formed 
epithelium  acquires  a  slight  power  of  amoeboid  movement,  so  that  it 
can  proceed  to  the  spot  which  it  is  to  occupy. 

The  proliferation  of  the  epithelium  proceeds  by  the  process  of 
karyomitosis.  In  the  accompanying  illustration  (Fig.  104),  the  fibrous 
transformation  of  the  nucleus  and  the  other  changes,  as  seen  in  the 
cornea  of  the  rabbit,  some  days  after  a  portion  of  the  epithelium 
had  been  removed,  are  shown.  In  the  normal  cornea  and  in  the 
Malpighian  layer  of  the  epidermis  there  are  evidences  of  a  similar 
process  by  which,  we  may  presume,  the  physiological  regeneration 
occurs. 

Gland  epithelium  also  to  some  extent  undergoes  a  physiological  loss 
and  regeneration.  The  secretion  of  some  glands  implies  a  destruction 
of  cells  and  their  restoration.  According  to  Bizzozero,  who  examined 
the  various  glands  with  respect  to  the  activity  of  karyomitosis,  the 
sebaceous  glands,  the  mucous  glands  of  the  stomach,  Lieberkuhn's 
glands  in  the  intestine,  and  the  uterine  glands,  are  actively  engaged 
in  recrenerating  their  epithelium,  and  consequently  lose  it  in  the 
proces°s  of  secretion.  In  glands  which  normally  present  an  active 
new-formation  of  their  epithelium  it  is  not  surprising  that  regeneration 
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occurs  when  parts  are  lost,  but  even  in  the  kidney  and  liver  Avhere 
there  is  no  such  normal  proliferation,  loss  by  disease  induces  a  new- 
formation.  Thus  in  acute  nephritis  the  epithelium  is  to  a  large  extent 
shed,  and  we  may  find  desquamated  epithelium  lying  in  the  tubules, 
while  young  epithelium  lines  them.    In  acute  yellow  atrophy  of  the 


Fig.  104.— Regeneration  of  epitlielium  in  cornea  of  a  rabbit,  a,  Fibrous  transforma- 
tion of  nucleus  ;  b,  partial  separation  of  the  fibres  and  hour-glass  change  of  nucleus ; 
c,  complete  division  of  nucleus  ;  d,  complete  division  of  cell.  (Bberth.) 

liver  also,  there  is  great  destruction  of  the  hepatic  cells,  and  there  is 
often  visible  along  with  that  a  new-formation  of  cells  as  if  there  were 
an  attempt  at  restoration.  In  both  of  these  organs  also,  a  loss  of 
substance  induces  a  new-formation,  which  may  be  regarded  either  as 
a  compensatory  hypertrophy  or  a  regeneration.  Large  portions  of 
the  liver,  removed  experimentally,  are  in  time  reproduced.  The 
epithelium  of  the  thyroid  gland,  urinary  bladder  and  gall-bladder  is 
capable  of  considerable  local  regeneration. 

The  lens  of  the  eye,  which  in  its  development  is  an  epithelial 
structure,  may  be  in  part  or  in  whole  regenerated,  after  its  removal 
on  account  of  cataract.  The  epithelium  of  the  cornea  is  also  capable 
ot  reproduction. 

Connective  tissue,  as  we  have  seen,  is  frequently  regenerated,  and 
'^^^o^-nied  tissue  is  the  means  of  union  of  wounds.  Blood-vessels 
are  sitni  arly  restored,  forming  really  part  of  the  connective  tissue. 

adult    F  '"''"''^^^  "^P""^^^       regeneration,  at  least  in  the 

ractures  of  the  cartilaginous  ribs  are  united  by  bone,  and 
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wounds  of  cartilage  are  replaced  by  connective  tissue  or  Ijone. 
Experiments  on  young  animals  show  that  in  them  there  may  be 
considerable  regeneration,  and  it  is  probably  so  also  in  the  human 
subject. 

Nerve-fibres  are  regenerated  after  division  of  nerve-stems.  A 
simple  section  of  a  nerve  may  be  followed  by  immediate  union,  and 
the  function  may  be  restored  in  a  few  days.  Even  when  portions  of 
nerves  have  been  removed  (as  much  as  2  inches)  there  is  a  restor- 
ation of  function,  but  at  a  much  longer  interval.  The  division  of  a  nerve, 
unless  there  be  immediate  union,  implies,  as  we  shall  see  further  on, 
a  remarkable  change  in  the  whole  peripheral  portion  from  the  point 
of  section  onwards,  and  when  restoration  occurs  there  is  a  regeneration 
of  the  axis-cylinder  apparently  by  growth  outwards  from  the  central 
end.  The  power  of  regeneration  and  accommodation  of  nerves  is 
further  shown  by  the  fact  that,  after  transplantation  of  skin,  when 
the  parts  are  separated  from  their  nervous  connections  there  is  a 
restoration  of  sensation. 

Muscle  is,  to  a  limited  extent,  liable  to  regeneration.  Wounds  of 
muscles  are  usually  united  by  connective  tissue,  although  subcutaneous 
wounds,  as  proved  by  experiment,  often  heal  without  cicatrix.  Weber 
found  also  that  in  the  neighbourhood  of  fractures  no  cicatrices  existed 
in  the  muscles,  although  they  had  undoubtedly  been  torn  by  the  ends 
of  the  bones.  In  the  healing  of  wounds  in  muscles  by  granulation,  it 
is  believed  by  some  that  a  new-formation  of  muscle  takes  place  to  some 
extent,  the  muscle  nuclei  taking  part  in  the  process.  There  is  also  a 
restoration  of  muscle  after  atrophy  and  degeneration.  In  emaciatmg 
fevers  there  is  a  great  atrophy  of  the  voluntary  muscles  and  a 
restoration  as  convalescence  advances.  Fatty  degeneration  of  muscle 
is  probably  followed,  as  in  other  cases  of  fatty  degeneration,  by 
absorption  of  the  affected  structures,  and  this  again  involves  a  re- 
.^eneration.  In  these  cases  the  muscle  nuclei  are  not  lost,  and  they 
seem  to  be  the  agents  in  regeneration.  The  regenerative  power  of 
unstriped  muscle  and  of  the  muscle  of  the  heart  is  very  hmited. 


III. -REPAIR  OF  INJURIES. 

While  the  absolute  restoration  of  complete  and  considerable  portions 
of  the  body  is  scarcely  possible  in  man,  yet  the  body  is  by  no  means 
unprovided  with  powers  by  which  injuries  are  repaired  and  los  o 
structures  is  made  good..    It  may  be  said  that  the  h^S^er  and  mo  c 
complex  animals  are  endowed  with  greater  abihty  to  protect  them 
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selves  from  injury,  and  that  their  tissues  possess  the  necessary  powers 
of  restoration  in  the  case  of  those  injuries  to  which  they  are  specially 
liable.  In  the  various  processes  here  to  be  considered,  it  will  be  seen 
that  what  may  be  called  the  definite  intention  to  attain  a  certain  result 
which  is  shown  in  the  process  of  development,  is  distinctly  visible,  and 
that  the  tissues  have  a  remarkable  power  of  meeting  adverse  con- 
ditions. 

Healing  of  wounds. — The  power  of  repair  is  well  seen  in  the  various 
processes  concerned  in  the  healing  of  wounds.  There  are  some  wounds 
which  heal  by  a  process  fitly  designated  Immediate  union.  That  is 
to  say,  the  surfaces  are  brought  together  and  coalesce  without  any 
new-formed  material  being  produced  to  serve  as  a  bond  of  union.  This 
occurs  mostly  in  clean-cut  wounds,  which,  shortly  after  their  infliction, 
are  closed  so  as  to  bring  the  cut  surfaces  into  close  contact.  It  is 
necessary  for  this  process  that  all  inflammation  be  avoided  either  at 
the  time  of  infliction  of  the  wound  or  afterwards.  We  must  think 
of  the  living  tissues  not  as  mere  mechanical  pieces  of  texture,  but  as 
possessed,  by  virtue  of  their  vitality,  of  wonderful  powers  of  adapt- 
ability to  circumstances.  When  two  living  surfaces  are  brought  into 
contact  and  all  disturbing  conditions  are  averted,  then  the  blood-vessels 
form  communications,  the  nerves  by  and  by  unite  and  become  con- 
tinuous, and  the  connective  tissue  coalesces.  In  all  this  there  is  a 
certain  amount  of  new-formation  by  karyomitosis,  and  there  luay  even 
be  slight  inflammatory  exudation,  but  there  is  no  permanent  new  tissue 
produced,  and  a  wound  in  the  skin,  or  even  in  muscle,  may  unite, 
and  no  trace  of  a  bond  of  union  or  even  of  the  line  of  union  can  be 
found  after  a  few  days.  The  epidermis  probably  does  not  unite  so 
directly,  and  the  wound  is  covered  by  new-formed  epidermis. 

Primary  adhesion  is  a  process  of  a  more  complicated  kind.  In  it 
inflammation  plays  a  part.  When  a  wound  is  inflicted  the  mere 
mechanical  injury,  or  exposure  afterwards,  frequently  leads  to  a  trivial 
hut  acute  inflammation,  resulting,  as  we  have  seen,  in  the  coating  of 
the  cut  surface  with  a  fibrinous  exudation,  the  so-called  glaze.  If 
two  surfaces  thus  coated  with  fibrine  be  brought  in  contact  they  unite, 
the  fibrine  acting  as  a  glue  or  cement.  But  the  fibrine  does  not  form  a 
permanent  bond  of  union,  and  if  union  is  not  effected  by  other  methods, 
then^ the  wound  will  subsequently  gape  by  the  breaking  down  of  the 
nne.  In  order  to  effect  a  permanent  union  we  must  have  formative 
tLu  ^™  ^"^^  concerned  in  the  formation  of  connective 

issue  out  of  granulation  tissue,  and  we  must  have  a  new-formation  of 
Diood-vesselti  TVio 

merel      r  •  ""iting  tissue  is  very  trivial  in  amount ;  there  is 

y  a  limited  production  of  formative  cells  which  replace  the  thin 
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layer  of  fibrine,  and  a  budding  of  the  blood-vessels  till  communications 
are  formed  between  the  two  surfaces.  This  whole  process  may  occupy 
only  a  day  or  two,  and  the  permanent  new-formed  tissue  forming  the 
cicatrix  is  usually  very  small  in  amount. 
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The  term  Union  by  the  first  intention  is  commonly  used  so  as  to 
include  both  of  the  conditions  described  above,  any  case  of  union 
occurring  upon  application  of  the  two  surfaces  soon  after  the  mfliction 
of  the  wound  being  so  designated.     (See  more  fully  in   Paget  s 

"Surgical  Pathology.") 

Union  by  the  second  intention  or  by  granulation  is  a  name  given 
to  the  closure  of  a  wound  by  the  adhesion  and  coalescence  of  two 
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layers  of  grcanulations.  We  have  already  seen  how  this  comes  about. 
The  granulations  ultimately  develop  into  connective  tissue  which  forms 
the  cicatrix  or  permanent  bond  of  union.  In  this  case  the  cicatrix  is  a 
much  more  considerable  one  than  in  union  by  the  first  intention. 
(Fig.  105.) 

IV,  —TRANS  PLANTATION. 

By  this  term  is  meant  the  removal  of  parts  of  the  living  tissues  from 
their  normal  position,  and  their  implantation  in  another  situation. 
This  process  has  been  frequently  effected  by  experiment  in  animals ;  it 
is  of  occasional  occurrence  as  a  pathological  phenomenon  in  man,  and 
it  is  sometimes  made  use  of  for  therapeutic  purposes  as  a  surgical 
operation. 

The  best  known  experiment  is  the  transplantation  of  the  spur  of  the  cock  to  other 
parts  of  the  skin  or  to  the  comb.  Zahn  implanted  a  whole  foetal  femm-  into  the 
kidney  of  an  adult  rabbit,  and  found  that  it  survived  and  grew  there.  Bert  per- 
formed many  experiments,  in  which  he  removed  the  tails  of  rats  and  implanted 
them  on  their  backs.  A  remarkable  fact  brought  out  in  these  experiments  was,  that 
if  the  implantation  was  made  with  inversion  of  the  tail,  so  that  the  tip  was  in  the 
back  and  the  root  projected  out,  yet  the  tail  survived,  and  even  sensation  was 
restored,  conduction  occurring  in  the  nerves  in  the  reverse  direction. 

Several  .practical  results  arise  from  these  experiments.  For  one 
thing,  the  larger  the  surface  by  which  the  transplanted  piece  was  in 
contact  with  the  living  tissue,  the  greater  the  likelihood  of  success. 
Hence,  small  pieces  of  tissue  and  those  which  were  completely  buried 
in  the  living  tissues  were  the  most  successful.  In  experiments  with 
rats'  tails,  the  latter  required  to  be  denuded  of  skin  for  some  distance, 
so  as  to  bring  a  considerable  raw  surface  into  contact  with  the  subcu- 
taneous tissue.  Another  fact  was,  that  tissues  from  young  animals 
were  more  successfully  transplanted  than  those  of  adults.  Again,  the 
transplanted  piece  commonly  grew  in  its  new  situation,  sometimes  very 
markedly,  as  in  the  case  of  the  cock's  spur  on  the  comb.  This  growth, 
however,  was  generally  temporary,  and  in  many  cases  was  succeeded 
by  diminution  and  complete  absorption  of  the  transplanted  piece.  If 
the  transplanted  piece,  however,  was  so  placed  as  to  restore  a  lost  part, 
then  it  remained  permanently.  Lastly,  the  tissues  of  animals  of 
different  species  did  not  seem  congenial,  so  that  when,  for  instance,  the 
tissues  of  rats  were  transplanted  to  birds  they  gave  rise  to  severe 
mtiammations  (Oilier). 

In  man,  transplantation  sometimes  occurs  spontaneously.  The 
greatest  example  of  this  is  furnished  in  some  cases  of  Tubal  preg- 
nlanT'd't  ^^^^"^  """"V^nve  of  the  tube,  the  ovum  may  be  trans- 

it e    to  the  peritoneum  and,  acquiring  adhesions  there,  developo 
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its  placenta  in  connection  with  the  vessels  of  the  peritoneum.  Tumours 
of  the  uterus  or  ovary  (myomata  and  cysts)  also  sometimes  separate 
from  their  seats  and  acquire  connections  with  other  parts.  It 
is  probable  that  in  these  cases  there  is  a  gradual  transplantation,  the 
new  connections  being  formed  before  the  old  are  completely  severed. 
Again,  portions  of  tissue  are  sometimes  broken  off,  such  as  the  appendices 
epiploicse  in  the  peritoneum,  or  portions  of  synovial  membrane,  cartilage 
or  bone  in  joints.  These  may  become  free  bodies,  retaining  their 
vitality  without  any  vascular  connections,  or  they  may  become  attached 
in  new  positions. 

Transplantation,  as  a  Surgical  operation,  has  long  been  practised. 
In  plastic  operations,  involving  the  surface  of  the  body  or  the  buccal 
cavity,  the  transplantation  is  usually  partial,  the  transplanted  piece 
being  left,  at  least  for  a  time,  in  partial  connection  with  its  original 
seat.  A  complete  transplantation  is  effected  in  skin-grafting,  in  which 
portions  of  the  living  epidermis  are  transplanted  to  the  surface  of 
granulating  wounds.  The  granulating  surface,  being  exceedingly  vas- 
cular and  composed  of  cells,  very  readily  coalesces  with  any  living 
structure  placed  on  it. 

Transplantation  of  bone  is  an  interesting  achievement  of  modern 
suro-ery.  Macewen  has  succeeded,  by  successive  transplantations,  in 
restoring  almost  the  whole  shaft  of  the  humerus,  which  had  been 
lost  by  necrosis,  and  he  has  also  shown  that,  after  trephining  the 
skull  the  piece  removed  may  be  restored,  and  it  will  retain  its  vitality 
and  Acquire  fresh  connections.    (See  further  under  Affections  of  Bones.) 

Literature. -Pauet,  Lect.  on  surg.  path.,  ed.  by  Tarner,  1870;  Hunter  1.  c.  ; 
RM.VXEB,  Le  develop,  du  tissu  osseu.,  1865,  and  in  Cornil  et  ^--er  Manuel 
.Thlcit  nath  1881,  i. ;  Kennedy,  On  the  regeneration  of  nerves,  Phil,  tians. 
tovIlSotiy  er.  B  vol.  188,  1897.  Bal.ance  and  Stewart,  The  Healing 
of  N  rveT  02  Ascho..  (with  literature),  Lubarsch  and  Ostertag,  Ergebnisse, 
"1900  m'archan.  (with  literature).  Der  Process  der  Wundhedung  Deutsche 
rhirursie  16,  1901.  Tran,plantation-li^CKLmQ^.>.vs^^  (very  fully),  Allg.  I-atii  , 
1S^  H::.X  Works  by  Calmer,  iii.,  273;  Zahn,  Congr.s  P^-d.  in  ernat. 
Sve  1877;  Bert,  Annal.  de  science  nat.,  v.,  1866;  Reverbin,  Gaz^  d.  lopi  ., 
^70  71.  Arcb.  g6n.  de  Mdd.,  xix.,  1872;  M..cewen,  Phil,  trans  of  Royal  Soc, 
1881,  and  Annals  of  surgery,  Oct.  and  Nov.,  1887.   Marchand,  loc.  cit.,  1901. 
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TUMOURS  OR  MORBID  GROWTHS. 


INTRODUCTION. 

Definition. — Structure,  typical  or  atypical.  Causation,  Cohnheim's  theory  of 
oi-igin ;  Ribbert's  theory ;  inheritance ;  effect  of  injuries,  etc.  ;  parasitic 
microbes  ;  influence  of  age.  Growth  and  Extension,  typical  or  atypical ;  local 
malignancy  ;  metastasis  and  generalization  of  tumours  ;  occasional  malignancy 
of  typical  tumours.    Classification  and  Nomenclature, 

A  TUMOUR  means  literally  a  swelling,  and  formerly  any  swelling 
was  called  a  tumour.  Tumor,  for  example,  is  often  named  as 
one  of  the  cardinal  signs  of  inflammation,  and  it  is  still  customary  to 
speak  of  the  inflammatory  tumour.  But  the  modern  use  of  the  word 
is  limited  to  a  class  of  new-formations  of  which  it  is  difiicult  to  give  a 
strict  definition. 

It  may  be  said  that  tumours  are  pieces  of  tissue  which  have  a  life 
and  growth  of  their  own  irrespective  of  the  needs  of  the  organism,  and 
of  the  local  conditions  around  them.  In  the  elements  of  their  structure, 
tumours  do  not  diff'er  from  normal  tissues.  They  are  nourished  by  the 
same  blood,  the  blood-vessels  are  continuous  with  those  of  surrounding 
parts,  the  nerves  are  connected  with  neighbouring  nerve  stems,  and  the 
tissue,  although  not  always  the  same,  is  frequently  identical  with  that 
near  it.  But  it  grows  independently  and  without  apparent  object. 
Thus  a  fatty  tumour  goes  on  increasing  in  size  irrespective  of  the 
adipose  tissue  in  which  it  has  its  seat,  and  the  person  may  be  reduced 
to  the  greatest  emaciation,  most  of  the  ordinary  fat  being  absorbed 
While  little  or  no  impression  is  made  upon  the  fatty  tumour. 

Structure  of  tumours.-While  all  tumours  in  their  ultimate  struc- 
oontvr'  ^"^^  normal  tissues,  yet  some  of  them  vary 

considerably  from  the  type  of  tissue  to  which  they  belong.    Hence,  it 
othLlr  *°  ^'«^^"g"ish  tumours  whose  structure  is  Typical,  and 
thA  «v     °?  Structure  is  Atypical.    In  the  former,  the  details,  including 
and  shape  of  cells,  the  abundance  of  cells,  the  relation  to  inter- 
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cellular  substance,  and  so  on,  are  all  within  the  limits  of  the  correspond- 
ing normal  tissue.  In  the  latter  the  structure  varies  from  the  normal, 
chiefly  in  respect  that  the  cells  become  much  more  numerous,  and  that 
the  intercellular  substance  becomes  less  obvious.  We  shall  see 
later  that  in  their  mode  of  growth,  tumours  show  somewhat  similar 
differences,  some  being  typical  and  some  atypical,  and  that  in  general 
the  variations  in  mode  of  growth  correspond  with  those  in  structure. 

The  terms  Homologous  and  Heterologous  were  at  one  time  employed 
to  express  the  idea  that  the  structure  of  a  tumour  may,  or  may  not, 
correspond  with  that  of  the  tissues  of  the  body,  the  heterologous 
tumours  being  looked  upon  as  altogether  different  in  structure  and 
foreign  to  the  body.  In  the  modern  use  of  the  words  a  homologous 
tumour  is  one  which  exists  in  tissue  of  its  own  kind,  as  an  osseous 
tumour  growing  from  bone.  A  heterologous  tumour  on  the  other  hand 
is  one  which  is  present  in  a  situation  where  no  normal  tissue  of  that 
kind  exists,  as,  for  example,  an  osseous  tumour  in  the  brain. 

Causation  of  tumours. — It  is  implied  in  the  definition  given  above 
that  the  causation  of  tumours  is  exceedingly  obscure.  For  the  most 
part,  without  any  apparent  stimulus,  they  begin  to  grow,  and  go  on 
growing  without  control. 

An  explanation  of  the  origin  of  tumours,  which  may  apply  to 
some  tumours  but  certainly  does  not  account  for  all,  has  been  advanced 
by  Cohnheim.  He  suggests  that  the  primordial  tumour  is  a  piece  of 
tissue,  which  in  the  process  of  normal  development  and  growth  has 
been,  as  it  were,  left  over.  It  has  been  left  embedded  in  the  tissues, 
and  having  retained  embryonic  powers  of  growth  is  not  subject  to  the 
general  laws  which  control  the  growth  of  normal  tissues. 

In  enforcing  his  argument  Cohnheim  points  out  that  pieces  of  living 
tissue,  especially  if  from  young  animals,  will  bear  transplantation,  and, 
if  placed  in  a  favourable  situation,  may  grow  to  considerable  dimen- 
sions. Thus,  the  spur  of  the  cock,  transplanted  to  the  more  vascular 
comb,  will  sometimes  form  a  considerable  tumour,  and  Leopold  has 
shown  that  if  cartilage  from  an  early  foetus  be  transplanted  into  the 
anterior  chamber  of  an  eye  it  acquires  vascular  connections  with  the 
iris  and  forms  a  tumour  of  some  size.  The  earlier  the  period  of 
development  of  the  foetus  the  more  likely  is  there  to  be  a  vigorous 
growth. 

Certain  facts  in  the  pathology  of  tumours  themselves  lend  some 
support  to  this  view.  Thus  cartilaginous  tumours  not  infrequently 
originate  in  bones,  as  if  portions  of  the  original  foetal  cartilage  had  been 
left  over  and  had  afterwards  growm.  Then  there  occur  in  the  sub- 
cutaneous tissue,  tumours  composed  of  mucous  tissue,  a  form  of  tissue 
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which  in  the  embryo  occupies  the  place  of  the  subcutaneous  fat.  It  is 
as  if  portions  of  this  foetal  tissue  had  been  left  over  from  the  embryo' 
and  formed  the  nucleus  of  the  tumour.  Then  also  tumours  not 
infrequently  develop  from  congenital  moles  or  soft  warts.  These  little 
outgrowths  have  commonly  a  rudimentary  or  embryonic  structure  (see 
section  on  Skin  Affections);  they  may  lie  quiescent  throughout  life, 
and  only  occasionally  start  into  vigorous  growth. 

While  Cohnheim's  theory  may  apply  to  some  tumours,  more 
particularly  to  the  typical  ones,  it  does  not  explain  a  large  proportion 
of  cases,  and  especially  the  cancers.  In  these  the  existing  normal 
structures,  usually  in  an  increasing  area,  give  rise  to  the  tumour. 
There  must  be  here  some  stimulus  acting  on  the  epithelial  structures 
especially. 

More  recently  a  theory  of  tumour-formation  has  been  brought  for- 
ward by  Ribbert.    According  to  this  observer,  as  we  have  seen  (see 
page  261),  there  is  in  every  cell  a  capacity  for  growth  which  is  held 
in  check  by  the  "tissue-tension."     If  cells  or  groups  of  cells  are 
completely  or  partially  separated  from  their  organic  continuity  the 
restraining  action  of  the  tissue-tension  is  removed  and  they  proliferate. 
Thus  tumours  may  arise.    This  may  be  illustrated  in  the  case  of  cancer. 
Here,  according  to  Ribbert,  it  is  the  connective  tissue  stroma  which 
plays  the  leading  part,  and  not,  as  most  observers  hold,  the  epithelial 
elements.    In  cancer  there  is  an  alteration  in  the  tissue-tension.  The 
inherent  capacity  for  growth  of  the  connective  tissue  is  in  the  first 
instance  set  free.  The  growing  connective  tissue  invades  the  epithelium 
breaking  it  up  into  groups  of  cells,  which  becoming  in  their  turn  freed 
from  the  restraint  of  the  tissue-tension,  proliferate  and  under  favour- 
able circumstances  give  rise  to  tumours.    The  isolated  cells  retain 
unaltered  all  their  inherent  properties  during  proliferation.  The 
theory  has  been  made  applicable  to  all  forms  of  tumour-formation, 
simple  as  well  as  malignant.    Its  great  disadvantage  lies  in  the  fact 
that  it  can  so  seldom  be  put  to  the  proof,  and  for  this  reason  mainly  it 
has  been  by  many  adversely  criticised. 

Inheritance  is  generally  believed  to  play  an  important  part  in  the 
causation  of  tumours.  The  embryonic  tissue  presupposed  in  Cohn- 
heim's theory  may,  like  an  ordinary  malformation,  be  transmitted  by 
inheritance,  or  the  predisposition  to  the  abnormal  growth  in  cancer 
niay  be  so  transmitted. 

mJ^^^T^^^"^  °^  inheritance  of  tumours  stands  in  need  of  elucidation.  It  is 
in  the  nr-      r  "  Overestimate  the  importance  of  inheritance 

when  the  fam  r°"  °^  ""^''^  °°  '^^"d  it  is  asserted  that 

mines  of  non-cancerous  persons  are  compared  with  those  of  cancerous, 
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there  is  little  or  no  appreciable  diiference  in  the  number  ot  cancerous  relatives 
(Snow,  Cripps).  We  have  already  seen  that  so  far  as  we  are  able  to  go  on  demon- 
strable facts,  inheritance  deals  with  local  peculiarities  of  structure.  It  is  stated  by 
Paget  that  in  the  transmission  of  cancer,  the  disease  often  passes  from  one  situation 
to  another,  as  from  the  breast  to  the  stomach  or  uterus.  This  author  would  even 
seem  to  indicate  that  in  transmission  a  cancer  may  become  a  sarcoma.  Such 
statements  run  so  counter  to  the  known  facts  of  inheritance  that  they  throw 
considerable  doubt  on  the  whole  subject.  The  strongest  arguments  in  favour  of 
inheritance  are  based  on  the  observation  of  individual  families,  such  as  those 
recorded  by  Paget,  Broca,  and  others. 

Injuries,  Irritations,  and  Chronic  inflammations  play  an  important 
part  in  determining  the  occiirrence  of  tumours.  Thus,  fractures  of 
bones  are  sometimes  the  starting  points  of  cartilaginous  or  bony 
tumours  or  of  sarcomas.  Cancers  of  the  mamma  are  often  referred 
to  blows  on  the  breast.  The  seat  of  election  of  cancers  is  often 
determined  by  the  local  conditions  of  exposure  to  irritation  by  friction 
or  otherwise.  For  example,  cancer  of  the  lip  and  tongue  are  referred 
to  irritation  by  a  tobacco  pipe  or  carious  tooth;  cancer  of  the 
stomach  is  often  ascribed  to  prolonged  irritation  from  alteration  in  the 
gastric  juice.  The  frequency  of  cancer  at  the  narrow  parts  of  mucous 
canals,  such  as  the  pyloric  orifice  of  the  stomach,  the  ilio-ccecal  valve, 
the  OS  uteri,  has  also  been  ascribed  to  their  special  exposure  to 
irritation. 

Parasitic  microlDes  have  been  suspected  as  forming  the  determining  causes  of 
tumours,  but  without  any  definite  proof.  We  have  seen  that  specific  microbes 
are  the  exciting  causes  of  the  infective  tumours,  and  the  analogy  between  their 
mode  of  growth  and  that  of  malignant  tumours,  such  as  sarcomas  and  cancers,  has 
led  some  to  suppose  a  similar  causation.  An  important  distinction  must  be  drawn, 
however,  between  the  infective  characters  of  the  tumours  due  to  parasitic  microbes 
and  those  of  tumours  proper.  In  the  former  case,  the  infectiveness  is  due  to 
the  extension  of  a  parasite,  which,  wherever  carried,  induces  an  effect  comparable 
to  inflammation,  but  with  certain  specific  characters.  The  lesion  is  the  result  of 
irritation  of  the  tissue  to  which  the  parasite  is  applied.  In  the  case  of  a  tumour, 
on  the  other  hand,  there  is  everywhere  a  proper  new-formation  of  tissue,  which  of 
its  kind  is  completely  organized,  and  not  merely  an  eflect  of  irritation.  Even  when 
produced  at  a  distance  from  the  primary  tumour,  the  secondary  one  is,  m  the 
details  of  its  structure,  an  exact  reproduction  of  the  tissue  of  the  original  growth. 
Thus  while  cancers  differ  very  greatly  in  structure  according  to  their  seat  of  origin, 
they  always,  so  to  speak,  breed  true;  the  secondary  tumours,  however  various 
their  seats,  having  the  same  structure  as  the  primary  one. 

Whilst  ordinary  microbes  seem  incapable  of  producing  such  results,  it  must  not 
be  denied  that  facts  recently  observed  point  to  the  possibility  of  animal  parasites 
belonging  to  the  protozoa  having  to  do  with  the  causation  of  atypical  tumours  An 
anima'l  cell  of  a' parasitic  character  may  enter  into  conjunction  with  the  li  n 
cells  of  the  tissues,  and  lead  to  peculiar  stimulations  of  the  latter.  (See  under 
Oancer.) 
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Age  is  a  factor  in  the  etiology  of  tumours.  The  frequency  of 
tumours  increases  in  proportion  to  the  persons  living  up  to  the  age  of 
seventy,  and  is  greatly  increased  from  thirty  upwards.  This  latter  fact 
is  due  to  the  prevalence  of  cancer  in  the  more  advanced  years  of  life. 
Cancer  is  a  disease  of  decadence. 

Growth  and  extension  of  tumours. — Most  tumours  enlarge  by  a 
new-formation  of  tissue  within  themselves,  just  as  the  normal  tissues 
increase  during  the  period  of  growth.  Their  growth  is  typical.  The 
tissue  of  the  tumour  is  sometimes  continuous  with  that  of  surrounding 
parts,  sometimes  it  is  separated  by  a  capsule  composed  of  connective 
tissue ;  sometimes  it  begins  by  being  continuous  and  afterwards  gets 
separated.  In  any  case  the  ordinary  tumour  simply  grows  by  new- 
formation  of  its  own  tissue.  It  often  produces  effects  on  neighbouring 
parts,  by  pressure  especially,  but  apart  from  these  merely  mechanical 
effects,  it  does  not  prejudice  neighbouring  structures.  Tumours 
possessing  these  characters  are  usually  called  Simple  or  Innocent 
growths. 

There  are  tumours  of  which  this  is  not  true.  They  have  a 
tendency  to  grow  into  and  infiltrate  neighbouring  tissues,  presenting 
characters  of  what  may  be  designated  Local  malignancy ;  their  mode 
of  growth  is  atypical.  This  is  peculiarly  the  case  with  sarcomas  and 
cancers.  In  the  case  of  sarcomas  the  tumour  seems  to  penetrate  into 
and  develop,  as  it  were,  on  the  mould  of  the  existing  tissue — apparently 
very  much  in  the  style  that  granulation-tissue  grows  into  and  moulds 
itself  on  a  thrombus  or  a  piece  of  catgut  in  the  tissue.  In  the  case  of 
cancers,  on  the  other  hand,  their  tissue,  which  is  epithelial  in  character, 
penetrates  among  the  tissues,  largely  destroying  them  and  producing 
inflammatory  disturbances. 

Besides  this  local  malignancy  the  same  classes  of  tumours  frequently 
show  a  still  more  atypical  growth  by  extending  beyond  their  local  seat. 
This  character  is  expressed  in  the  term  Metastasis,  which  is  another 
feature  of  malignancy.  In  this  case  secondary  growths  spring  up  in 
parts  removed  from  the  primary  tumour,  and  doubtless  something  is 
earned  from  the  original  tumour  to  the  remote  part.  In  the  case  of 
cancers  the  epithelial  processes  penetrating  into  the  tissues  readily 
tincl  their  way  into  the  lymphatic  spaces,  and  portions  mav  be  carried 
tHence  to  lymphatic  glands. 

a  llTlT'  lymphatic  system,  there  is  sometimes 

tra^snL  !  blood,  in  which  case  the  tumour  is 

is  used  "^^"""^  P"'^'  ^"^  ^be  term  Generalization 

involved  "'""^"^  ^^^^"^        lymphatic  glands  have  been 

.  out  m  sarcomas  it  is  usually  direct,  the  tumour  penetrating 
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through  the  walls  of  the  vessels.  It  is  mostly  the  veins  which  are  thus 
opened  into,  and  the  first  extension  is  therefore  to  the  lungs,  but  the 
pulmonary  capillaries  may  be  in  part  traversed,  and  implantation  occur 
by  the  systemic  arteries.  , 

The  material  which  passes  from  the  tumour  and  is  thus  transplanted 
is  undoubtedly  the  living  cells  of  the  tissue,  together  with  such  parasitic 
or  other  agents  as  may  be  proved  to  co-exist.  This  is  clearly  demon- 
strated in  secondary  cancerous  infection  of  the  peritoneum  where  the 
secondary  tumours  are  not  regularly  distributed  over  the  peritoneal 
surface,  but  occur  here  and  there,  or  in  groups,  just  as  if  solid  particles 
had  been  carried  and  produced  their  effects  where  they  got  leave  to  lie. 
Then  also  it  must  be  solid  particles  which  are  arrested  by  the  lymphatic 
glands  and  give  rise  to  the  secondary  tumours  there. 

In  this  connection  it  is  important  to  note  that  the  secondary  tumour 
for  the  most  part  exactly  reproduces  the  tissue  of  the  original  one, 
even  to  the  smallest  details,  and  it  is  natural  under  these  circum- 
stances to  believe  that  pieces  of  the  original  tumour  are  actually 
transported. 

Occasional  malignancy  of  typical  tumours.— It  has  already  been 
stated  that  sarcomas  and  cancers  are  the  tumours  which  regularly 
present  a  malignant  tendency,  but  on  rare  occasions  other  tumours 
also  do  so.  Cartilaginous  tumours  are  not  infrequently  malignant. 
Next  to  them  mucous-tissue  tumours  most  frequently  become  malig- 
nant, but  even  fibrous  tumours  have  been  observed  to  do  so,  and 
cases  of  colloid  goitre  have  been  recorded  in  which  secondary  tumours 
occurred.  So  that  malignancy  is  not  confined  to  sarcomas  and  cancers. 
On  the  other  hand,  tumours  having  the  structure  of  sarcomas  may 
remain  local  to  the  end. 

It  has  been  usual  to  believe  that  malignancy  is  dependent  on  peculiarities  of  the 
tumour  itself,  and  it  is  true  that  when  a  simple  tumour,  as  sometimes  happens, 
assumes  maUgnant  characters,  it  usually  assumes  the  structure  of  a  sarcoma  or 
cancer.  An  attempt  has  been  made,  based  on  the  views  brought  forward  by 
Thiersch  as  to  the  causation  of  cancer  (see  under  Cancer),  to  account  for  the 
difference  between  a  simple  and  a  malignant  tumour.  In  the  case,  of  a  simple 
tumour  the  normal  tissues  are  able  to  prevent  the  tumour-tissue  from  penetrating 
into  them,  but  in  the  case  of  malignant  tumours  the  tissues  have  become  weakened 
and  are  unable  to  form  a  barrier  to  their  extension.  When  a  simple  tumour 
becomes  sarcomatous,  it  is  because  the  tissues  around  have  acquired  a  peculiar 
weakness  When  pieces  of  a  tumour  are  transported  to  a  distance,  a  struggle,  as 
it  were  occurs  between  the  tendency  of  the  tissue  of  the  tumour  to  grow,  and  that 
of  the  normal  tissues  to  prevent  its  growth.  In  the  case  of  a  simple  tumour  the 
tissues  assume  the  upper  hand,  and  cause  the  absorption  of  the  tumour-tissue.  In 
the  case  of  malignant  tumours,  however,  the  tissues  are  too  weak  to  accomphsli 
this  and  the  secondary  tumour  develops.    This  theory  is  not  sufficient  to  explain 
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all  the  facts,  and  we  must  suppose  as  well  a  special  power  of  growth  in  the  tumour. 
No  doubt  the  tissues  differ  very  greatly  in  their  power  of  restraining  the  growth  of 
secondary  tumours.  In  the  liver,  for  instance,  cancers  grow  very  freely,  and  attain 
large  dimensions,  but  looking  to  a  cancerous  liver,  it  is  difficult  to  believe  that  there 
is  not  a  special  activity  in  the  growing  tissue  of  the  tumours. 

Secondary  chang'es  in  tumours. — Tumours  are  exposed  to  the  same 
pathological  processes  as  normal  tissues,  and  in  a  higher  degree.  Thus 
we  meet  with  fatty  degeneration,  especially  in  quickly  growing 
tumours ;  calcareous  infiltration  in  structures  which  are  obsolete ; 
htemorrhages,  principally  in  superficial  rapidly  growing  tumours,  where 
the  blood-vessels  are  ill-formed ;  and  necrosis  mostly  in  tumours  near 
the  surface,  and  thus  exposed  to  mechanical  irritation,  the  conse- 
quences of  such  necrosis  being  ulceration  with,  it  may  be,  suppuration, 
hfemorrhage,  or  decomposition. 

Conditions  like  those  last  named  seriously  afiect  the  organism  as  a 
whole,  and  they  occur  most  frequently  in  the  case  of  malignant 
tumours,  which  grow  quickly  and  rapidly  come  to  the  surface. 
Malignant  tumours  also  aff'ect  the  organism  as  a  whole  by  the 
readiness  with  which  they  extend  to  or  produce  secondary  tumours 
in  important  organs,  and  secondary  cancers  frequently  also  induce 
inflammations  as  in  the  case  of  the  peritoneum  or  pleura. 

It  is  clear,  therefore,  that  malignant  tumours,  especially  by  bleeding, 
by  ulcerating  and  sloughing,  by  invading  important  parts,  by  producing 
inflammations,  etc.,  have  a  tendency  to  impoverish  the  system,  produc- 
ing anajmia  and  general  weakness.  If  growing  quickly  they  also  tend 
to  emaciate  by  using  up  the  nutritive  material  of  the  body.  A  simple 
tumour,  if  it  happens  to  be  at  the  surface  and  exposed  to  mechanical 
violence,  may  also  ulcerate  and  produce  serious  constitutional  results 
but  this  is  exceptional.  To  these  conditions  of  the  body  as  a  whole 
the  name  Cachexia  is  often  given. 

Classification  and  nomenclature  of  tumours.— Tumours  have  some- 
times been  classified  and  named  according  to  their  clinical  characters, 
wbether  innocent  or  malignant,  the  term  cancer  being  used  to  include 
malignant  growths  in  general.  A  true  system  of  classification  will 
and'  Tl  ^''T'l^"  ""S^"'  "^^^^^  «f  g^«^th  of  tumours, 

cliLal  Ll  ^'^^      ^"''''^  correspond  with 

they  takf                  "'""'^^"S  ^«        assume  that 

admit  ed  in?"  "  '"^"^^  This  is  at  least 

orig  nates  in   r'''      '^"'P^'                '  ^^^^^  ^or  example, 

porC  ele^                        ^"  -bose  more  im- 

P         elements  are  epithelial,  Virchow  asserted  that  they  originated 
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from  connective  tissue,    This  was  opposed  by  Thiersch,  who  showed 
that  in  the  case  of  epithelial  cancer  the  cells  originate  from  existing 
epithelium.     This  view  has  been  amplified  by  Waldeyer,  who,  in  a 
very  elaborate  series  of  investigations,  has  shown  that  in  their  very 
various  seats,  cancers  are  in  their  origin  connected  with  epithelial 
structures.    This  has  led  to  a  reference  to  embryology  in  the  classi- 
fication of  tumours.    An  attempt  has  been  made  to  distinguish  those 
arising  from  the  various  layers  of  the  embryo,  the  tumours  of  meso- 
blastic  being  separated  from  those  of  hypoblastic  or  epiblastic  origin. 
It  is  very  diflScult  to  carry  out  this  distinction  absolutely.  The 
epiblast  gives  rise  to  much  besides  epithelium,  as  does  also  the 
hypoblast,  and  there  seems  even  now  considerable  doubt  whether 
the  serous  cavities  are  hypoblastic  or  mesoblastic,  and  whether,  in  con- 
sequence, the  layer  of  cells  covering  these  cavities  is  endothelium  or 
epithelium.    The  attempt  to  carry  out  rigidly  this  mode  of  classifica- 
tion has  led  to  great  difficulties  in  the  nomenclature  and  placing  of 
some  tumours.    Thus  we  have  tumours  of  the  pleura  and  peritoneum, 
which  have  the  structure  of  cancers,  but  many  authors  regard  the 
endothelium  of  these  cavities  as  belonging  to  the  connective  tissue,  and 
many  of  them  would  place  such  tumours  amongst  those  arising  from 
connective  tissue,  and  separate  them  from  the  cancers. 

The  structure  and  mode  of  growth  have  to  be  taken  into  account 
as  well  as  the  origin  of  tumours.  It  has  been  indicated  above  that 
in  respect  to  structure  and  mode  of  growth  tumours  may  be  typical 
or  atypical.  It  will  be  convenient  to  divide  tumours,  in  the  first 
instance,  on  this  basis  into  two  great  groups,  the  typical  and  the 
atypical  In  the  further  subdivision  of  these  groups  the  relation  ot 
the  tissue  to  the  corresponding  normal  tissue  is  taken  into  considem- 
tion,  and  we  have  both  typical  and  atypical  tumours  referable  to 

the  same  normal  tissue. 

The  grouping  of  tumours  into  typical  and  atypical  forms  will  nearly 
correspond  with  the  clinical  distinction  of  innocent  and  malignant,  but 
it  must  not  be  forgotten  that  the  distinction  is  not  absolute  and  that 
typical  tumours  sometimes  assume  the  characters  of  the  atypical^ 

'  In  naming  tumours  the  structure  is  chiefly  taken  into  account.  The 
ty  ical  turners  are  named  by  adding  the  usual  suffix  -^nato^e  n^^ 
of  the  tissue.    The  atypical  tumours  have  special  ^^^f 
vx.'iouslv  derived.    Thus,  Sarcoma  is  a  name  originally  used  n  a  veiy 

TZte  wav  but  by  Virchow  applied  to  atypical  connective-tissue 
«       C^^:or^J^l^o  had  at^'one  time  a  wide  and  somew  a 
Ldefinite  significance,  but  is  now  limited  to  atypical  tumours  whose 
more  important  structure  is  epithehum. 
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A  very  great  advance  was  made  in  our  knowledge  of  tumours 
by  the  publication  of  Virchow's  classical  work,  "Die  krankhaften 
Gescbwiilste."  From  this  work  some  of  the  following  illustrations 
are  borrowed  by  the  kindness  of  the  author. 

Literature. — J.  Mijllee,  Bau  und  Form  der  krankhaften  Gesehwiilste,  1838 ; 
ViECHOW,  Die  krankhaften  Gesehwiilste,  1864-67 ;  Paget,  Lectures  on  Tumours, 
1852,  Surgical  Pathology,  3rd  ed.,  1870,  Path,  trans.,  xxv.,  p.  319;  Lucke,  in 
Pitha  and  Billroth's  Handbuch,  vol.  ii.,  part  2,  1869;  Cohnheim,  Allg.  Path., 
2nd  ed.,  vol.  i.,  1882  ;  Bboca,  Trait6  des  Tumeurs  ;  Butlin,  Art.  Tumours,  Internat. 
Encycl.  of  Surg.,  vol.  iv.,  1884;  Zahn,  Congr^s  m6d.  internat.  de  Geneve,  1878; 
Leopold,  Virch.  Arch.,  Ixxxv.,  p.  283;  Baker,  St.  Barth,  Hosp.  Eep.,  vol.  ii., 
p.  129;  Cbipps,  do.,  vol.  xiv.,p.  287;  Snow,  Clin,  notes  on  Cancer,  1883;  Thiebsch, 
Epithelialkrebs,  1865;  Waldbybr,  Volkmann's  Sammlung,  No.  33,  1872,  Virch, 
Arch.,  xli.  and  Iv. ;  Coats,  Path,  trans.,  xxxviii.,  p.  399,  1887;  Eibbert,  Da3 
pathologische  Wachstum.,  1896,  article  in  Bibliotheca  medica,  1897;  Lubarsch 
(with  copious  references),  Lubarsch  and  Ostertag,  Brgebnisse,  1895,  1897,  1901 ; 
BoBST,  Die  Lehre  v.d.  GeschwUlsten  (with  atlas),  2  vols.,  1902.  Here  the  recent 
literature  of  the  various  forms  of  tumour  is  fully  given. 


SECTION  IX.— Continued. 


A.— TYPICAL  OR  HISTIOID  TUMOURS. 


1.  Fibroma,  hard  fibroma,  soft  fibroma,  cutaneous  outgrowths,  elephantoid 
hypertrophy,  moUuscum  fibrosum ;  2.  Lipoma,  diffuse  and  encapsuled  varieties ; 
3.  Myxoma,  characters  of  mucous  tissue;  hydatid  mole;  the  myxoma, 
varieties  of ;  4.  Chondroma,  as  ecchondrosis  or  enchondroma,  the  latter 
usually  in  connection  with  bone  ;  5.  Osteoma,  chiefly  as  exostosis.  Odontoma; 
6.  Myoma,  the  rhabdomyoma  rare,  the  leiomyoma  common,  structure  and 
relations  of  latter.  Wood's  painful  subcutaneous  tubercle  ;  7.  Neuroma,  the 
true  Neuroma;  8.  Angioma,  capillary,  cavernous,  lymphatic;  9.  Glioma; 
10.  Psammoma;  11.  Lymphoma;  12.  Papilloma;  13.  Adenoma,  of  varying 
structure  according  to  gland ;  14.  Cystoma,  cysts  arising  from  pre-existing 
cavities,  including  retention  cysts  ;  and  cysts  of  independent  origin,  including 
dermoid  cysts,  adenoid  cystoma,  extravasation  cysts,  etc.  ;  15.  Teratoma. 

1.— THE  FIBROMA  OR  CONNECTIVE-TISSUE  TUMOUR. 

THIS  is  a  tumour  composed  of  white  fibrous  tissue.  Yellow  elastic 
tissue  never  of  itself  forms  a  tumour,  but  not  infrequently  elastic 
fibres  are  found  in  connective-tissue  growths.  Two  varieties  of  Fibroma 
are  recognised,  the  Hard  Fibroma  and  the  Soft  Fibroma,  but  inter- 
mediate forms  occur.  . 

The  Hard  Fibroma  may  be  taken  as  the  type  of  the  class.  It  is 
an  exceedingly  dense  or  compact,  firm  and  heavy  tumour.  It  is  very 
tough  and  on  section  resembles  tendon.  The  cut  surface  has  a  brilhant 
white  glistening  appearance,  and  on  close  inspection  shows  a  character- 
istic pattern,  resulting  from  the  interlacement  of  its  constituent  fibres, 
some  of  which  may  present  a  concentric  disposition.  The  term 
Desmoid  (Secr^ry-a  fasciculus)  is  often  applied  to  the  hard  fibroma. 

Microscopically  examined  the  tumour  is  found  to  be  composed  of 
closely  aggregated  wavy  fibres,  interlacing  and  often  concentrically 
disposed  around  blood-vessels  (see  Fig.  106).  Connective-tissue  cells 
are  relatively  scanty  and  their  nuclei  appear  as  if  compressed  laterally. 
They  usually  occur  in  the  form  of  elongated  spindles.  They  may  be 
xnore  numerous  around  the   blood-vessels.     The  blood-vessels  are 
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relatively  few  in  number  and  the  lymphatic  spaces  small  and  narrow. 


Fig.  106.— Fibroma  originating  in  oouneotion  with  fascia.    X  350. 

Calcification  is  a  frequent  secondary  change  (see  Fig.  107).  Not 
infrequently  ossification  occurs,  especially  in  the  case  of  fibromas 
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darkVanuTeB^^'TlSo?"''""^"*"^  calcification.    The  lime  appears  in  the  form  of  small 

meTw^/''""'.^"''^"'"'-  tissue  are  sometimes 
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omas  are  frequent  in  connection  with  periosteum  and  bone, 


282 


TUMOURS. 


especially  on  the  jaws,  where  they  constitute  one  of  the  forms  of 
simple  epulis.  Growing  from  the  periosteum  they  are  sometimes 
intimately  connected  with  the  bone,  which  may  be  as  if  buried 
in  the  tumour.     Sometimes  a  fibroma  originates  inside  a  bone. 


Fig.  lOS.-Large  pedunculated  fibroma  of  small  intestine.    Invagination  of  gut. 


Those  arising  from  the  bones  of  the  skull,  such  as  the  basi- 
sphenoid,  may  give  rise  to  extreme  deformity  of  the  face.  Fibromas 
also  occur  on  fascias,  on  sheaths  of  nerves,  on  menibranes,  as 
the  dura  mater,  and  occasionally  are  related  to  burs^  in  their  ongin. 
The  case  from  which  Fig.  106  is  taken  originated  in  connection  with 
the  abdominal  fascia  and  closely  simulated  clinically  a  floating  kidney 
Small  glistening  rounded  tumours  are  very  frequently  met  with  in  the 
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pyramidal  portion  of  the  kidney.  They  consist  of  a  scantily  nucleated 
fibrous  tissue  which  not  infrequently  shows  evidences  of  calcification. 
Eemains  of  uriniferous  tubules  are  seen  amongst  the  fibres.  It  is 
probable  that  these  small  renal  fibromas  are  of  inflammatory  origin. 
The  ovary  is  occasionally  the  seat  of  large  dense  firm  tumours,  which 
by  some  are  regarded  as  fibromas.  Myomas  occur  in  the  same 
situation,  and  the  diagnosis  microscopically  is  often  a  matter  of  diffi- 
culty. In  the  mamma  small  fibrous  tumours  are  common.  They 
almost  invariably  contain  gland  elements,  and  are  more  correctly 
designated  fibro-adenomas.  We  do  not  include  here  the  uterine 
fibromas  or  uterine  fibroids,  which  are  really  muscular  tumours,  and 
will  be  described  as  such.  Fibromas  are  occasionally  encountered  in 
the  intestine.  In  rare  cases  they  may  cause  obstruction  and  invagina- 
tion of  the  gut  (see  Fig.  108).  The  Fibrous  Polypus  of  the  rectum 
probably  arises  in  most  cases  from  a  hsemorrhoid,  the  vessels  of  which 
have,  in  great  part,  become  obliterated. 
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Fig.  109.— Soft  fibroma  from  the  subcutaneous  tissue,    x  300. 

The  Soft  Fibroma,  as  its  name  implies,  is  less  dense  and  tough.  Its 
^IT^^        "'P''"'  ^^««°ibling  subcutaneous  areolar  tissue.  Micro- 
Tun  dt  r'""'"'^        ^^''^        ^^^^  compacted,  the  cells  are  more 
uant,  their  nuclei  more  evident  and  less  compressed  (see  Fig.  109). 
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Blood-vessels  and  lymphatic  spaces  are  more  numerous  in  this  form. 
Sometimes  the  loose  texture  of  the  growth  is  rendered  more  obvious 
by  the  occurrence  of  oedema. 

Soft  fibromas  arise  generally  in  the  subcutaneous  tissue  of  the  trunk 
a,nd  extremities. 

As  fibrous  tissue  is  frequently  the  product  of  inflammation  we  may 
expect  that  the  demarcation  between  inflammatory  new-formations  and 
fibromas  is  not  always  easy  to  make.    Elephantiasis  arabum  is  some- 


Fis  110  —Massive  cutaneous  outgi-owtli  from  scalp.  The  mass  hung  loosely  from 
the  occipital  region  of  a  middle  aged  woman.  In  its  size,  form,  and  convoluted 
surface  it  resembled  a  brain. 

times  regarded  as  a  simple  tumour,  although  more  properly  belonging 
to  the  infective  tumours.  There  are  cases,  however,  of  local  enlarge- 
ment of  the  skin,  which  have  not  the  regular  course  of  elephantiasis 
and  which  have  more  apparent  analogies  with  tumours.  To  such  cases 
Paget's  name  of  "Cutaneous  outgrowth"  is  applicable  (Fig.  110). 
There  are  cases  also,  in  which,  with  or  without  thickening  of  the  cutis, 
there  is  a  definite  encapsuled  tumour,  composed  of  soft  connective 
tissue,  beneath  the  skin.  Such  tumours  occur  chiefly  in  the  external 
organs  of  generation  and  may  attain  large  dimensions.  One  observed 
by  the  author  weighed  fifteen  pounds  (see  Elephantiasis,  p.  210). 
The  term  Blephantoid  Hypertrophy  has  been  applied  by  Hutchinson 
to  cases  of  irregular  nodular  enlargement  of  the  labia,  clitoris,  and 
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mons  veneris  occasionally  seen  in  women  (se6  Fig.  111).  Sometimes 
such  enlargements  become  polypoid  and  depend  from  the  labium  by  an 


Fig.  111.— Elephantoid'hyijortrophy  of  labia,  clitoris  aud  mous  veneris. 


elongated  stout  pedicle  (see  Fig.  112).     These  tumours  are  often 
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Fibroma  molluscum  (Mollusoum  fihrosum)  or  Multiple  fibroma  of  the 
skin  are  terms  applied  to  cases  in  which  we  have  multiple  isolated 
tumours  beginning  as  little  growths  of  connective  tissue  in  diverse 


Fie  113.-Fibroma  moUuscum  in  a  man  aRed  eighty-five  years,  who  had  been 
affected  for  forty-four  years.    (From  a  photograph  lent  by  Ur.  H.  E.  Jones.) 

regions  in  the  skin,  and  afterwards  growing  out  and  becoming  pendu- 
lous Thus  there  may  be  hundreds  of  more  or  less  pendulous  tumours 
in  various  parts  of  the  body  (see  Fig.  113).  This  purely  fibrous 
molluscum  must  be  carefully  distinguished  from  molluscum  contagiosura, 
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a  totally  different  disease,  which  will  be  considered  in  the  section  on 
Diseases  of  the  Skin. 

These  multiple  fibromata  have  been  made  the  subject  of  special  study  by  Eeok- 
linghausen,  who  found  them  in  two  cases  associated  with  multiple  tumours  of  the 
nerves.  The  tumours  of  the  nerves  formed  usually  oval  swellings  in  their  course, 
and  were  composed  of  comparatively  soft  connective  tissue  in  which  the  nerve- 
fibres  were  embedded.  These  tumours  are  frequently  described  under  the  name  of 
Neuroma,  but  as  they  are  really  fibrous  tissue  tumours  they  may  be  regarded  as 
false  neuromata.  The  term  Neurofibroma  or  fibroneuroma  is  more  correctly  applied. 
In  Eecklinghausen's  cases  the  tumours  of  the  skin  were  also  found  in  their  origin  to 
be  connected  with  nerve-stems,  growing  from  the  nerve  sheath,  although  in  growing 
they  frequently  involved  the  sheaths  of  neighbouring  canals,  such  as  blood-vessels 
and  sweat-glands.  The  tumours  of  the  nerves  have  frequently  a  plexiform  character, 
being  formed  by  enlargement  of  the  sheaths  of  a  plexus  of  nerves.  A  similar 
character  is  sometimes  presented  by  the  cutaneous  tumours,  and  may  assist  in  their 
diagnosis.  Whether  Eecklinghausen's  view  applies  generally  to  the  multiple 
fibroma  of  the  skin  or  not,  remains  to  be  determined.  It  is  confirmed  by  Kriege 
and  Westphalen,  while  its  universal  applicability  is  questioned  by  Philippson. 

The  Mucous  polypus  is  a  structure  which  lies  on  the  borderland 
between  inflammatory  hypertrophy  and  true  tumour  formation.  It  is 
included  by  some  amongst  the  soft  fibromas.  It  consists  of  mucous 
membrane  in  which  there  is  frequently  a  considerable  new-formation  of 
gland-tissue,  so  that  in  some  cases  the  term  Adenoma  is  warranted. 
The  lesions  are  usually  small  in  size,  and  are  met  with  chiefly  in  the 
nares,  in  the  uterus  and  in  the  large  intestine  (see  Special  part  of  work). 


2.— THE  LIPOMA  OR  PATTY  TUMOUR. 

This  form  of  tumour  consists  of  adipose  tissue  exactly  like  that  of 
the  body,  as  for  instance  the  subcutaneous  adipose  tissue  (see  Fig.  114). 
Adipose  tissue  contains  bands  of  fibrous  connective  tissue  which  carry 
the  vessels  and  nerves,  and  so  do  lipomas,  but  in  diff-erent  tumours  this 
IS  variously  abundant.  If  there  is  little  connective  tissue  the  tumour 
IS  soft,  and  may  even  feel  fluctuant.  If  there  is  much  it  is  hard  and 
we  may  have  an  approach  to  the  fibrous  tumour,  the  flbro-lipoma 
further,  the  connective  tissue  may  assume,  in  parts  at  least,  the  festal 
type  (myxo-hpoma).  The  fibrous  character  may  be  increased  by  irri- 
tation as  where  a  tumour  is  exposed  to  friction,  producing  a  kind  of 
nd  0^-"''"?'""  Calcification  oA^e  stroma 

lobwTJ'™  S'^'y^f °^^^«^«>  usually  distinctly  lobed.  The 
growfh  the  margin  of  the 

•    ihey  are  mostly  surrounded  by  a  distinct  capsule,  but  some- 
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times  they  are  continuous  with  the  surrounding  fat.  Thus  the  fat  around 
the  mamma  or  the  kidney  may  undergo  such  an  enlargement  as  to 
warrant  the  name  of  tumour  {Lipoma  capsidare).  Billroth  mentions  a 
lipoma  which  had  grown  in  between  the  muscles  of  the  thigh  in  such 
a  way  that  it  could  not  be  removed  completely.    Lipomas  which  are 
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Fig.  114.— Lipoma  of  buttock.    X  200. 

not  definitely  circumscribed  may  be  called  Dilfuse  lipomas.  The 
massive  fatty  tumours  sometimes  seen  in  the  neck  are  instances  of 
diffuse  lipomas. 

Fatty  tumours  are  for  the  most  part  single,  but  in  some  cases  they  are 
multiple.  When  multiple  they  do  not  grow  simultaneously,  and  may 
appear  in  succession  for  months  or  years.  They  are  occasionally  sym- 
metrical. Their  size  is  very  variable,  ranging  from  minute  tumours 
just  visible  to  the  naked  eye  to  enormous  masses  fifty  to  a  hundred 
pounds  or  even  more  in  weight.  Sessile  and  pedunculated  and 
pendulous  forms  are  met  with.  The  latter  as  a  rule  do  not  attain 
very  large  dimensions,  but  they  may,  by  their  weight,  gradually  slide 
downwards,  leaving  their  old  attachments  and  acquiring  new  ones. 
There  is  apt  to  be  ulceration  of  the  surface  of  such  tumours  and  even 

haemorrhage.  .  , 

Lipomas  are  of  common  occurrence.  They  are  sometimes  congenital, 
especially  in  connection  with  spina  bifida.     Li  spim  bifida  occulta  a 
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considerable  mass  of  adipose  tissue  is  often  found  in  the  lumbo-sacral 
region  overlying  and  concealing  the  spinal  defect  (see  Spina  bifida).  Their 
most  frequent  seat  is  under  the  skin,  especially  of  the  trunk  and  trunk- 
ends  of  the  extremities  {Subcutaneous  Lipoma).  They  are  less  common 
under  mucous  membranes  {Submucous  Lipoma),  as  that  of  the  stomach 
(Fig.  115),  intestine  (Fig.  116),  larynx,  etc.    In  the  intestine  they  may 
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Fig.  115.— Lipoma  in  the  wall  of  the 
stomiich.  It  was  the  size  of  a  hazel-nut, 
situated  near  the  pylorus  iu  the  submucous 
tissue.   Natural  size.    (Virohow  ) 


Fig.  11(3.— Pedunculated  submucous  lipoma 
of  colon.    Half  natural  size. 


become  polypoid  (Fig.  116).     They  are  occasionally  met  with  in 

polypo  d  mass  often  becomes  twisted  by  axial  rotation  (Fig  117)  ThP 
connection  may  be  sevprpd  nnri  f;,«  /  i  ^  ^'  ^ 

,         severed  and  the  tumour  become  a  loose  hnriv  in 

processes  (LJL„  „,/        f  "r"'™''  «"8<=''  <>■■  frondJike 

uncommon  in 

are  found  lyTurLel  T^'^""  -g--^bs 

heterologous;  occurr  L  wh      7l  ^^P°^^^  ^-^ely 

substance  of  the  ^7^^  "  P^^«-*  "---"7.  as  in  the 
the  surface  of  bon  f  ^\  r?"'  ^^^^  occurrence  on 

liponia  is  usually  conZlf T       ^^'"'^'^^  The  parosteal 

y  congenital,  and  striped  muscle  is  often  found  amongst 
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the  adipose  tissue.  The  author  met  with  a  case  in  which  an  elongated 
piece  of  fat  lay  on  the  upper  surface  of  the  corpus  callosura. 


Fig.  117. — Pendulous  lipoma  of  appendix  ejiiploica  of  colon.  A  ijeduuculated 
tumour  (a)  projects  from  the  general  mass  of  subserous  adipose  tissue  (b).  It  is 
twisted  twice  on  its  axis,  and  the  peduncle  is  very  thin.  (Vikchow.) 

Lipoma  nasi  is  a  misleading  term  sometimes  employed  to  designate  the  hyper- 
trophic form  of  acne  rosacea.  It  is  in  no  sense  a  fatty  tumour.  Adiposis  dolorosa 
is  a  rare  condition,  which  might  be  confoimded  with  diffuse  lipoma.  It  is  referred 
to  under  Diseases  of  the  Nervous  System. 


3.— THE  MYXOMA  OR  MUCOUS-TISSUE  TUMOUR. 

This  form  of  tumour  is  composed  of  mucous  tissue,  and  as  this  is 
not  one  of  the  physiological  tissues  of  the  adult,  it  will  be  proper  to 
refer  more  specially  to  its  characters.  The  blood-vessels  of  the 
umbilical  cord  are  padded  and  protected  from  pressure  by  a  gelatin- 
ous substance  called  Wharton's  jelly.  Under  the  microscope,  this 
consists  of  variously  shaped  cells  separated  by  a  clear  transparent 
intercellular  substance.  The  intercellular  substance  is  of  gelatinous 
consistence,  and  owes  this  character  to  the  fact  that  it  consists  of  a 
watery  solution  of  mucin. 

Mucin  is  nearly  allied  to  albumen,  but  when  present  in  even  small  quantity  in 
a  solution,  it  gives  the  latter  a  sticky  gelatinous  character.  Its  chemical  reactions 
also  differ  from  those  of  albumen,  in  respect  that,  though  like  it  precipitated  by 
alcohol,  the  precipitate  is  redissolved  by  water.  Also,  acetic  acid  and  other  organic 
acids  precipitate  mucin,  but  not  usually  albumen.  The  precipitate  of  mucm  by 
alcohol  or  acetic  acid  is  more  membranous  than  that  of  albumen.    The  reaction 
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with  acetic  acid  can  be  readily  brought  out  in  Wharton's  jelly  or  in  a  myxoma,  a 
microscopic  section  showing,  on  adding  acetic  acid,  a  reticulated  precipitate. 
These  reactions  can  also  be  studied  in  the  mucus  from  any  mucous  membrane,  or 
in  the  bile,  in  which  mucin  is  normally  one  of  the  dissolved  constituents.  By 
treatment  with  special  staining  reagents  which  have  an  affinity  for  mucin  (thionin; 
toluidene  blue)  a  mucin  reaction  may  be  obtained. 

Besides  the  umbilical  cord,  mucous  tissue  is  present  in  the  villi 
of  the  chorion  of  the  foetus,  the  villi  consisting  of  a  double  layer  of 
epithelium  with  mucous  tissue  internally.  In  the  foetus,  it  is  also 
present  in  early  stages  in  the  subcutaneous  tissue,  where  it  has  the 
place  of  the  subcutaneous  adipose  tissue,  being,  in  fact,  related  to  fat 
very  much  as  the  temporary  cartilage  is  to  bone.  Some  remains  of 
this  tissue  are  met  with  in  the  adult.  Thus,  the  vitreous  humour  of 
the  eye  is  really  composed  of  soft  mucous  tissue,  and  traces  of  it  have 
been  found  in  places  where  normally  adipose  tissue  exists,  as  under 
the  pericardium,  at  the  hilus  of  the  kidney,  subcutaneously,  and  in 
the  medulla  of  bone.  It  is  said  to  occur  also  around  the  acini  and 
•ducts  of  the  mamma.  It  appears  that,  in  these  positions  there  is 
sometimes  a  partial  recurrence  to  the  foetal  condition.  The  special  con- 
nective tissue  of  the  brain,  the  neuroglia,  is  allied  to  mucous  tissue, 
and  seems  to  present  a  proneness  to  return  to  that  form. 

The  hydatid  mole,  M'hich  arises  by  a  great  new-formation  of  mucous 
tissue  in  the  villi  of  the  chorion  (see  Fig.  118),  is  regarded  by  some 
as  a  form  of  myxoma.  (See  further  on  in  Section  on  Generative 
Organs.) 

Mucous-tissue  tumours  are  met  with  principally  in  the  subcutane- 
ous tissue,  where  they  may  be  regarded  as  probably  due  to  a  piece 
of  embryonic  tissue  left  over  when  the  mucous  tissue  was  converted  into 
adipose  tissue.  In  this  respect  they  resemble  the  chondromas  of  bone. 
They  form  rounded  or  oval  tumours,  often  lobulated  and  encajpsuled, 
generally  soft,  and  sometimes  almost  fluctuant  in  consistence  and  hyaline 
in  appearance.  The  glistening  translucent  appearance  is  very  charac- 
teristic. On  section  a  viscid  yellowish  fluid  drains  away.  These  tumours 
are  sometimes  described  as  soft  fibromas  or  fibro-cellular  tumours. 
Examined  under  the  microscope  we  have  a  very  translucent  tissue — 
so  translucent  that  in  unstained  sections  it  may  escape  observation — 
in  the  midst  of  which  are  irregularly  shaped  cells,  with  long,  often 
anastomosing,  processes  (Fig.  119).  The  cells  are  described  as  angular 
or  stellate,  but  they  may  be  fusiform.  The  tissue  is  intersected  by  more 
or  less  frequent  bands  of  connective  tissue.  The  number  of  cells 
vanes  considerably  in  diff"erent  cases,  and  even  in  diff"erent  parts  of 
the  same  tumour. 
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Myxomas  are  also  of  somewhat  frequent  occurrence  in  the  brain  as 
compared  with  other  tumours  of  this  organ.  They  arise  in  connec- 
tion with  the  soft  membranes  of  the  brain  and  spinal  cord,  or  in  the 
ventricles,  or  in  the  substance  of  the  brain.  They  sometimes  grow  to 
considerable  size,  and  are  liable  by  softening  to  take  the  form  of  cysts 


Fig.  lis.— Hydatid  mole,    x  200. 

filled  with  a  mucous  fluid.  They  are  also  met  with  on  peripheral 
nerves.  They  occur  in  the  mamma  (see  Fig.  119),  where  not  infre- 
quently they  appear  to  have  the  character  of  a  diffuse  formation  of 
mucous  tissue  between  the  glandular  acini,  so  that  the  gland  as  a 
whole  is  converted  into  a  tumour.  In  the  salivary  glands  they  also 
occur,  but  are  usually  of  mixed  structure,  being  partly  formed  of  other 
kinds  of  tissue.  Certain  forms  of  nasal  and  aural  polypi  have  the 
structure  of  a  myxoma 

The  simple  pure  hyaline  myxoma  is  not  very  common,  as  the  tissue 
is  apt  to  be  mixed  with  other  forms.  From  the  relation  of  mucous 
and  adipose  tissues  it  is  not  remarkable  that  a  partial  conversion  of  a 
lipoma  into  a  myxoma,  or  vice,  versa,  is  met  with.  There  is  also  not 
infrequently  a  mixture  with  fibrous,  cartilaginous,  or  glandular  tissue. 
Then,  also,  the  myxomas  vary  very  greatly  in  the  proportion  of  cells, 
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the  very  cellular  ones  being  called  medullary  myxomas,  and  frequently 
graduating  into  sarcomas.  In  fact,  with  pathologists  who  take  the 
embryonic  nature  of  the  tissue  as  the  criterion  of  sarcomas,  the  fact 
that  mucous  tissue  is  the  embryonic  precursor  of  adipose  tissue  induces 
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Fig.  118. — Myxoma  of  mamma,    x  200. 


them  to  class  this  form  of  tumour  among  the  sarcomas.  Consistently 
with  these  facts  there  are  some  myxomas  which  show  malignant  ch^ir- 
acters,  either  local  or  general.  In  a  case  recorded  by  Virchow  there 
were  tumours  on  the  nerves  and  in  the  dura  mater  of  the  cord  and  brain. 


4.-THE  CHONDROMA  OR  CARTILAGINOUS  TUMOUR. 
This  tumour  is  composed  of  cartilaginous  tissue.  The  cartilage  may 
be  hyaline  (see  Fig.  120)  or  fibrous,  generally  the  latter,  and  the  matrix 
IS  not  infrequently  rather  soft.  The  tumour  is  also  intersected  with 
tibrous  bands  which  carry  blood-vessels  that  nourish  the  tissue.  If  a 
caifcilaginous  tumour  grows  in  connection  with  and  out  from  cartilage 
It  IS  called  an  Ecchondrosis,  but  if,  as  in  the  majority  of  cases,  it 
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grows  in  connection  with  other  tissues,  it  is  then  called  an  Enchondroma. 
The  term  chondroma  of  course  includes  both. 

The  ecchondroses  are  usually  small  unimportant  outgrowths  chiefly 
of  the  cartilages  of  the  septum  nasi,  larynx,  trachea  and  ribs. 


Fig.  120. — Chondroma  of  bone.    In  the  lower  part  the  matrix  is  hyaline;  in  the 
upper  part  calcification  and  ossification  have  occurred,    x  SO. 

Virchow  has  described  an  interesting  form  of  so-called  ecchondrosis  at  the 
basilar  portion  of  the  occipital  and  sphenoid  bones.  The  basilar  parts  of  these 
bones  are  formed  from  cartilage,  and  in  adult  life  they  are  united,  forming  a  single 
bone  (os  tribasilare).    The  junction  takes  place  irregularly  by  a  kind  of  toothed 

union.  In  this  process  a  little  bit  of  cartilage 
may  be  omitted,  and  this  sometimes  develops 
into  a  little  tumour  just  under  the  basilar 
artery  to  which  it  may  be  adherent.  It  will 
be  seen  that  we  have  here  an  actual  instance 
of  a  little  piece  of  embryonic  tissue  left  over  to 
develop  afterwards  into  a  tumour.  This  little 
tumour  sometimes  undergoes  a  remarkable 
change ;  the  cells  swell  up  and  become  like 
those  of  the  chorda  dorsalis,  but  in  other  cases 
it  ossifies. 

The  cartilaginous  loose  bodies  in  joints 
are  sometimes  regarded  as  originally  out- 
growths from  the  cartilages  or  synovial 
fringes  which  have  been  broken  ofi'  and 
grown  after  their  separation. 
Enchondromas  are  mostly  met  with  in  connection  with  Bones.  As 
bones  are  developed  out  of  cartilage  for  the  most  part,  it  may  be 
supposed  that  small  portions  of  the  embryonic  cartilage  are  left  over 


Fig.  121.— Multiple  central  ouchon 
dromata  of  fingers.  (Cornil  and  Ran 

VIBR.) 
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and  develop  into  tumours  afterwards.  The  enchondromas  of  bone  may 
be  divided  into  central  and  peripheral,  according  as  they  originate  in 
the  medulla  or  at  the  surface.  The  central  enchondromas  are  met 
with  chiefly  in  early  life,  and  may  be  congenital.  They  occur  especially 
in  the  fingers  and  toes,  which  may  be  the  seat  of  multiple  tumours  as 
in  Fig.  121.  These  tumours  begin  inside  the  phalanges  or  metacarpal 
bones,  or,  less  frequently,  the  analogous  bones  of  the  foot.  Growing 


0 


1  'i 


Pig.  122.— Chondroma  with  myxomatous  degeneration.   The  matrix  of  the  cartilage 
IS  calcified  at  upper  part  of  figure,    x  200. 

mside  the  bones  they  may  be  for  a  time  unperceived,  but  afterwards 
they  swell  up  the  bones  and  may  even  burst  through  the  external  shell. 
These  tumours  often  show  a  local  malignancy,  growing  by  the  forma- 
tion of  new  nodules  in  the  tissue  around.  The  peripheral  chondromas 
are  met  with  most  frequently  on  the  femur  and  pelvis,  and  most  rarely 
on  the  bones  of  the  face  and  skull. 
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JL      }l   L  "^^^  occasionally,  but  are  commonly 

mixed  with  fibrous,  mucous,  glandular,  sarcomatous,  or  cancerous 
elements.  They  are  particularly  frequent  in  glands,  as  the  testes 
ovaries,  and  salivary  glands.  In  these  situations  they  are  occasionally 
tound  to  loUow  chronic  irritations. 

In  their  form  chondromas  are  generally  rounded  tumours  and  dis- 
tinctly encapsuled,  but  if  large  they  are  lobulated. 

It  has  already  been  said  that  the  chondromas  are  often  mixed  with 
other  tissue ;  to  this  must  be  added  that  secondary  changes  are  not 
infrequent.  They  sometimes  soften,  a  condition  frequently  due  to 
partial  transformation  into  mucous  tissue  (see  Fig.  122).  This  is  par- 
ticularly the  case  with  the  glandular  enchondromas.  On  the  othei' 
hand,  those  of  bone  are  liable  to  undergo  calcification  and  ossification 
(Fig.  120). 

Lastly,  chondromas  are  liable,  as  has  already  been  said,  to  show  a 
certain  malignancy,  forming  secondary  tumours,  especially  in  the  lungs. 
This  is  connected  with  the  frequently  mixed  character  of  these  tumours 
and  their  association  especially  with  sarcomas  and  cancers. 


5.— THE  OSTEOMA  0 
In  this  class  are  included  tumours 


Fig.  123.— Cartilaginous  spongy  exostosis  of  femui 

(ViRCHOW.) 


I  BONY  TUMOUR. 

composed  of  bone,  not  mere  new- 
formations  due  to  inflammation 
or  tumours  in  which  bone  exists 
as  a  subordinate  element  with 
other  tissue. 

The  large  majority  of  bony 
tumours  grow  from  bone,  and 
are  hence  called  Exostoses.  In 
regard  to  their  structure,  some 
are  like  spongy  bone  with  the 
interstices  filled  with  ordinary 
bone-marrow,  and  some  are  com- 
posed of  dense  bone  such  as  forms 
the  shaft  of  a  long  bone,  and  are 
called  ivory  exostoses. 

There  are  also  tumours  which 
originate  in  the  teeth.  When 
these  are  composed  of  cement, 
they  are  properly  called  dental 
osteomas,  but  when  formed  of 
dentine,  odontomas.    The  latter 


OSTEOMA. 


term,  however,  is  often  applied  to  either 
form.  The  tumour  may  be  little  more 
than  a  local  enlargement  of  the  fang, 
rendering  extraction  difficult,  or  there 
may  be  a  distinct  tumour,  growing  some- 
times to  the  size  of  a  walnut.  In  the 
latter  case  it  is  usually  a  true  odontoma, 
composed  of  a  structure  like  dentine. 

Of  the  proper  exostoses  several  forms 
are  distinguished. 

(1)  The  Spongy  exostosis,  or  the 
Exostosis  cartilaginea  (Pig.  123). 
These  tumours  occur  mostly  at  the 
epiphyses  of  the  long  bones,  and  are 
derived  primarily  from  the  epiphysial 
cartilage.  In  rare  cases  they  may  be 
multiple  (Fig.  124).  A  rather  favourite 
seat  is  the  dorsal  aspect  of  the  last 
phalanx  of  the  great  toe,  where  they 
project  beneath  the  nail  and  produce 
great  pain  and  discomfort  {suh-ungual 
exostosis).  They  grow  during  childhood, 
and,  just  as  the  cartilage  from  which 
they  originate  ossifies,  so  do  they,  and 
the  bony  tumour  formed  is  directly  con- 
tinuous with  the  bone  beneath.  The 
tumour  begins  as  a  small  outgrowth, 
and  so  the  first  bone  formed  is  a  narrow 
piece.  The  cartilage,  as  it  goes  on 
growing,  enlarges  in  every  direction,  and 
so  overhangs  its  base,  the  tumour  thus 
becoming  larger  as  it  grows  outwards, 
and  consequently  pedunculated.  The 
tumour  consists  of  spongy  bone  with  a 
layer  of  cartilage  on  its  surface  (see 
Fig.  12.5).  It  is  enough  to  snip  through 
the  base  in  order  to  remove  the  tumour. 

(2)  The  Ivory  exostosis  is  mostly 
met  with  on  the  bones  of  the  head, 

At  it«  InworcXho  fiZ,  diaphyses. 
growi„g  out  from  the  Aw «=ittcnod  by  tho  exostoses 

age.    0\.mrSZ^,:^S.i.t't^,i:^^^^^  °f 
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but  also  on  the  pelvis,  scapula,  great  toe,  etc.  The  tumours  are 
usually  rounded  in  form,  and  may  be  tuberculated  on  the  surface.  In 


Fig.  125. — Cartiliiginous  exostosis.  A  thick  layer  of  cartUage  surmounted  by  fibrous 
tissue  is  shown  in  the  loft  half  of  the  illusti-ation.  The  right  half  is  composed  of 
cancellated  bone,    x  40. 

their  favourite  seat  on  the  head  they  may  grow  from  the  external  table 

and  project  externally,  or 
from  the  internal  table 
and  project  internally  (as 
in  Fig.  126),  in  which  case 
they  may  produce  irrita- 
tion of  the  brain  substance 
beneath. 

It  sometimes  happens 
that  an  ivory  exostosis 
grows  from  corresponding 
parts  of  both  external  and 
internal  tables.  These 
tumours   are  sometimes 

Fig  120.-lntornal  ivory  exostosis  of  the  frontiU  bono,  multiple  (aS  m  Fig.  127). 
The  surface  is  tuberculated,  and  the  tumour  has  a  narrow  HvperOStOSlS  and 

base.    It  was  situated  to  the  left  of  the  falx  (/).    Natural        \ ' 

size.  (ViROHow.)  Periostosis    are  names 

applied  to  growths  of  bone  which  are  not  properly  tumours.  They 
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are  localized  thickenings  of  bones  or  portions  of  bones.  This  growth 
of  particular  parts  of  the  bones  of  the  head  may  become  so  inde- 
pendent in  its  manner  that  the  characters  of  a  tumour  are  simulated.. 
The  condition  known  as  Leontiasis  ossea  is  an  instance  of  this  (see 
under  Diseases  of  Bone). 


Fig.  127.— Multiple  exostoses  of  the  frontal  bone.    Natural  size.  (Virobow.) 

Osteomas  of  other  parts  than  bones  are  rather  rare.  It  is  remark- 
able, however,  that  bony  masses  occur  sometimes  in  the  central 
nervous  system.  They  are  met  with  in  the  arachnoid,  where  they 
used  to  be  regarded  as  evidences  of  chronic  irritation.  They  can 
hardly  be  regarded  as  tumours.  Actual  tumours  occur  in  the  dura 
mater,  and  even  in  the  brain  substance.  They  are  also  met  with  in 
the  eyeball,  in  the  lungs,  and,  as  little  bony  granules,  in  the  skin. 


6.— THE  MYOMA  OR  MUSCULAR-TISSUE  TUMOUR. 

These  are  tumours  in  which  muscular  tissue  is  the  essential  con- 
stituent, but  just  as  all  muscles  have  supporting  connective  tissue  so- 
have  these,  some  more,  some  less.  As  there  are  two  kinds  of  muscle, 
so  are  there  two  forms  of  muscular  tumour,  those  composed  of  striated,' 
and  of  smooth  muscle  respectively. 

The  Myoma  strio-cellulare  or  Rhabdomyoma  is  very  rare.  Tumours 
of  this  structure  are  probably  always  congenital.  They  have  been 
seen  in  the  heart,  kidneys,  ovaries,  and  testicles.  The  tumour  is  not 
usually  composed  of  ordinary  striated  muscle,  but  the  muscular  fibre 
IS  embryonic  in  character,  consisting  of  spindle-shaped  cells,  which 
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are  transversely  striated.  TLimours  of  this  kind  have  strong  analogies 
with  sarcomas,  and  arc 'sometimes  designated  myo-sarcomas.  Besides 
this,  similar  rudimentary  muscle  is  occasionally  met  with  in  other 
forms  of  sarcoma,  in  cystic  tumours  of  the  ovary  and  testicle,  and 
in  teratomas. 

The  Myoma  laevi-cellulare  or  Leiomyoma  is  an  exceedingly  common 
form  of  tumour,  and  is  met  with  in  almost  every  part  where  smooth 
muscle  exists  normally.    According  to  the  amount  and  density  of  the 


Fig.  128. — Myoma  uteri.  Closely  agfp-cgiited  fibres  with  rod-shaped  nuclei  are  seen 
on  longitudinal  and  transverse  section.  A  smaO  amount  of  fibrous  tissue,  with  blood- 
vessels, separates  the  bundles,    x  200. 


interstitial  connective  tissue  is  the  consistence  of  the  myoma — it  may 
Tie  very  dense,  and  warrant  the  name  Fibro-myoma,  or  it  may  be  so 
hard  as  to  resemble  cartilage. 

Myomas  are  often  described  as  fibrous  tumours,  and  in  appearance 
they  justify  this  designation.  To  the  naked  eye  they  appear  fibrous 
on  section,  and  even  under  the  microscope  they  show  a  fibrous  appear- 
ance, but  on  adding  acetic  acid  to  a  microscopic  section,  or  on  staining 
with  carmine  or  other  reagent,  the  fibres  are  seen  to  be  much  more 
abundantly  nucleated  than  ordinary  connective  tissue.  In  fact,  rod- 
shaped  nuclei  (not  spindles  as  in  connective  tissue)  are  so  closely  set  as 
■at  once  to  suggest  a  cellular  tissue  (see  Fig.  128).  It  may  here  be 
remarked  that  in  the  unimpregnated  uterus  there  is  the  same  difficulty 
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in  distinguishing  the  individual  spindle-cells.  In  both  cases,  however,, 
the  cells  may  be  isolated  by  macerating  the  tissue  for  twenty-four 
hours  in  a  20  per  cent,  solution  of  nitric  acid,  or  for  twenty  to  thirty 
minutes  in  a  34  per  cent,  solution  of  caustic  potash.  This  softens  the 
tissue,  and  separates  the  cells,  which  are  recognized  as  spindles. 

Myomas  always  arise  where  muscle  already  exists,  and  as  smooth 
muscle  is  most  frequent  in  the  walls  of  mucous  canals  and  cavities, 
it  is  there  that  they  usually  originate.  The  tumour  may  be  con- 
tinuous with  the  muscular  wall,  forming  an  outgrowth  from  it,  or  it 
may  be  distinctly  isolated  and  encapsuled.    It  may  remain  in  the 


substance  of  the  muscular  wall  (intraparietal  or  intramural),  or  it  may 
shp  inwards  so  as  to  bulge  under  the  mucous  membrane  (submucous), 
or  It  may  pass  outwards  and  present  under  the  serous  coat  (subserous). 
In  the  two  latter  cases  the  tumours  often  become  polypoid. 

By  far  the  most  frequent  seat  of  the  myoma  is  the  female  organs  of 
generation,  generally  the  uterus,  but  also  the  ligaments  and  ovaries, 
ihe  so-called  uterine  fibroids  are  myomas,  and  the  most  important  of 
these  are  the  submucous  which  so  frequently  become  polypoid  and 
give  rise  to  haemorrhage,  sloughing,  etc.  The  gland-spaces  and  cysts 
sometimes  found  in  uterine  myomas  are  regarded  by  Recklinghausen 
and  others  as  remains  of  the  Wolffian  body. 

n  the  prostate  the  hypertrophy  frequently  met  with  in  old  men 
leaiiy  trom  the  formation  of  muscular  tissue,  and  the  third  lobe 
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which  forms  a  bulging  projection  at  the  nock  of  the  bladder  is  an 
outgrowth  from  the  muscle  of  the  prostate  (see  Prostate).  Some- 
times there  are  even  isolated  muscular  tumours  in  the  midst  of  the 
prostate.  This  form  of  tumour  is  to  be  distinguished  from  the 
glandular  tumour,  which  is  a  much  rarer  form  of  hypertrophy  and 
occurs  mostly  in  young  men.  Myomas  of  the  oesophagus  are  occa- 
sionally met  with,  and  are  usually  submucous.  In  the  stomach  sub- 
mucous and  subserous  myomas  are  not  uncommon.  Multiple  tumours 
of  small  size  are  often  met  with  in  the  vicinity  of  the  oesophageal 
opening.  In  the  intestine  they  are  occasionally  met  with  (see  Figs. 
129,  130).    They  may  project  from  both  serous  and  mucous  surfaces. 


Fig.  130. — Small  myoma  of  ileum.    The  tumour  projected  both  cxteruaUy  aud 
internally. 

and  may  encroach  on  the  lumen  of  the  gut  (see  Fig.  129).  They  have 
also  been  seen  in  the  urinary  bladder. 

Myomas  of  the  skin  and  subcutaneous  tissue  occupy  a  peculiar 
position.  We  have  first,  obvious  myomas  growing  usually  in  parts 
rich  in  muscle,  such  as  the  nipple  and  scrotum.  We  have  further 
multiple  myomas  of  the  skin,  forming  well-defined  tumours  which 
■are  sometimes  very  painful.  Lastly,  there  is  the  so-called  Tubercula 
dolorosa,  which,  at  least  in  most  cases,  is  a  myoma,  if  not  in  all.  It 
merits  a  special  description. 

The  painful  subcutaneous  tubercle,  Tubercula  dolorosa,  or  Wood's 
tumour,  is,  in  most  cases  at  least,  a  subcutaneous  myoma.  It  occurs 
in  the  form  of  a  small  round  tumour  under  the  skin  (see  Fig.  131),  and 
is  commonly  the  seat  of  intense  pain.  The  pain  indicates  some  con- 
nection with  the  nerves,  but  there  is  no  demonstrable  nerve  fibre  to 
be  traced  into  the  tumour.    According  to  Virchow  there  are  tumours 
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of  Vcarious  structure  in  this  category,  myomas,  angiomas,  and  neuromas. 
Axmann  has  suggested,  with  some  probability,  that  the  little  tumour 
may  in  some  cases  be  an  enlarged  Pacinian  body,  and  recently  Hoggan 
has  described  one  which  he  believes  to  be  an  adenoma  of  the  sweat- 
glands,  but  which  Virchow  regarded  as  an  angioma.  In  all  the 
cases  which  we  have  examined  the  tumours  consisted  of  a  dense 
interlacing  network  of  fibres,  very  suggestive  of  a  myoma.  On  macerat- 
ing portions  in  nitric  acid  the  tissue  broke  up  into  large  spindle  cells. 
These  tumours  were  probably  myomas  of  the  skin.  The  view  that  these 


Fig.  131. — Tubei-cula  dolorosa.    The  eiiidoi-mia  and  cutis  arc  seen  iu  section.  The 
round  tumour  is  situated  in  the  subcutaneous  fat.    X  S. 

tumours  are  myomas  is  confirmed,  not  only  by  further  observations 
of  the '  author,  but  also  by  those  of  Malherbe,  who,  in  five  con- 
secutive cases,  found  the  structure  to  be  uniformly  that  of  the  myoma. 
He  believes  that  whilst  other  tumours  of  the  skin  may  be  painful, 
the  myoma  has  a  place  and  symptomatology  of  its  own,  and  consti- 
tutes the  true  Tubercula  dolorosa. 

The  muscular  tissue  of  the  tumour  probably  arises  from  the  arrec- 
tores  pilorum  of  the  skin.  The  tumour  tends  like  other  myomas  to 
slip  from  its  original  position  and  to  pass  into  the  loose  subcutaneous 
tissue.  It  may  be  this  shifting  of  position,  by  causing  dragging  on  the 
sensitive  nerve  twigs  of  the  skin,  which  leads  to  the  paroxysms  of  pain. 

The  myoma  is  of  slow  growth.  It  may  go  on  as  long  as  thirty  or 
forty  years,  and  may  reach  a  very  great  weight— as  much  as  60  lbs. 
It  IS  nearly  always  an  innocent  tumour,  but  a  case  is  recorded  by 
Brodowski  in  which  a  large  myoma  of  the  stomach  gave  rise  to 
secondary  tumours  in  the  liver.    In  all  probability,  in  this  case,  the 
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su  riffr  '  ^yo^-coma.    Retrograde  changes  may  occur, 

such  as  fatty  degeneration,  resulting  in  shrinking  or  the  formation  of 
cysts.  If  induration  occurs  from  formation  of  hard  connective  tissue,  this 
may  calcify,  leaving  the  muscular  tissue  in  the  spaces  between  the  cal- 
cihed  trabecule.    In  some  cases,  from  derangements  of  the  circulation 


Fig.  132.— From  a  myoma,  a  portion  of  which  has  become  calcified,    a,  muscular 
hbre-ceUs  impregnated  with  lime  salts  ;  b,  a  blood-vessel  with  wall  incrusted.  x350. 

in  large  tumours,  we  may  have  an  actual  necrosis  of  a  portion  of  the 
muscular  substance,  resulting  sometimes  in  absorption  and  the  forma- 
tion of  a  cyst.  In  other  cases,  the  dead  structures  become  calcified,  as 
in  Fig.  132,  where  muscular  elements,  connective  tissue,  and  walls  of 
blood-vessels  were  all  found  impregnated  with  lime.  As  the  myomas 
so  readily  become  polypoid,  they  are  liable  to  be  insufficiently  nourished, 
as  the  neck  gets  thinner ;  sloughing  may  even  occur,  especially  if  they 
present  on  a  mucous  surface,  and  become  exposed  to  injury.  Such 
tumours  are  also  liable  to  bleed,  especially  as  the  vessels  in  them 
sometimes  undergo  great  dilatation. 


7.— THE  NEUROxMA  OR  NERVOUS-TISSUE  TUMOUR. 

A  neuroma  is  properly  a  tumour  composed  of  nerve  tissue.  As 
there  are  two  kinds  of  nerve  tissue  so  we  may  distinguish  a  gan- 
glionic and  a  fibrous  neuroma.  The  ganglionic  neuroma  is  an  exceed- 
ingly rare  tumour,  and  some  of  the  recorded  cases  would  bear  another 
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interpretation.     There  are  some  cases  of  small  tumours  projecting 

from  the  cortex  of  the  brain  which  may  be  named  ganglionic  neuromas, 

and  the  swellings  sometimes  met  with  in  connection  Math  sympathetic 

plexuses  may  also  be  placed  in  this  category. 
All  tumours  of  nerve  stems  are 

usually  designated  neuromas,  but 

as  such  tumours   may   really  be 

composed  of  fatty,  mucous,  or  fibrous 

tissue,  it  has  become  customary  to 

distinguish   those   which  actually 

contain  new-formed  nerve  fibres  as 

true  neuromas,  and  the  others  as 

false  neuromas. 

The  true  neuroma  is  composed  ot 

nerve  fibres,  which  may  be  either 

medullated  {Myelinic  neuroma),  as 

in    the     ordinary  cerebro-spinal 

nerve,  or  non-meduUated  {Amyleiiir 
neuroma).  One  of  the  most  strik- 
ing forms  is  the  so-called  Amputa- 
tion neuroma  (Fig.  133),  which  is 
a  very  frequent  if  not  constant 
occurrence  in  stumps.  The  tumours 
are  usually  multiple,  and  form 
bunches  of  little  knobs,  which 
have  a  hard  consistence,  and  to  the 
naked  eye  look  fibrous.  Under  the  microscope  medullated  nerve 
fibres  are  found  running  in  bundles,  but  there  are  also  many  fine 
fibres  which  are  probably  non-meduUated  nerve  fibres.  It  is  in  this 
case  as  If  the  cut  end  of  the  nerve  had  made  an  attempt  at  regenera- 
tion of  the  lost  portion.  Allied  to  this  form  is  the  traumatic  neuroma, 
occurring  as  the  result  of  an  injury  in  the  course  of  a  nerve 

thev  «,rT''  '''''''  °f  spontaneously,  and 

rat"  Th^  '"""^"^  ^"^"^^S^'  fibrous 

which  tw   '    ^^T,r'!f"^  "^"'^  ^^^'^^^  ^-^«t  of 

the  connective  Z     T  ««P«cialIy  when 

or  X  r    B^^  r^'V^^-'^^l.^^^^^P--*  by  acelic  acid 

fibres   there  a  e  fin.  medullated 

non-medullLrne  :  ^I^''^^^'  ''''''  ^^^^^  ^^^'^  ^ 
abundant    An  inf^Jc      t  ""^^  neuromas  these  are  very 

An  interesting  but  rare  form  is  the  Plexiform  neuroma. 

u 


Fig.  133.— Amputation  neuromata  in  a 
stump.  The  internal  and  external  popliteal 
nerves  are  involved.  The  amputation  was 
ten  yeai-s  before. 
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In  It  the  nerves  in  an  area  of  the  skin  become  enlarged,  so  that  the 
part  to  the  touch  feels  like  a  congeries  of  worms    The  enlarged 


Pig.  134. — Amputation  neuroma.  Transverse  section.  In  the  upper  part  of  the 
illustration  muscular  tissue  is  shown,    x  35. 


Fig.  135.— Amputation  uouroma.  The  same  as  I'^g.  134  under  higher  magnification. 
X  130'. 
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nerves  vary  from  the  size  of  a  crow-quill  to  that  of  the  thumb. 
The  tumours  are  mostly  congenital. 

There  is  no  doubt  that  most  tumours  of  nerves  are  really  false  neuromas.  This 
applies,  as  we  have  seen  at  p.  287,  even  to  the  multiple  tumours  which  have  been 
usually  regarded  as  the  typical  neuromas.  It  applies  also,  at  least  in  part,  to  the 
amputation  neuromas.  It  is  obvious  that  as  a  nerve  stem  is  composed  of  con- 
nective tissue  and  nerve  fibres,  it  must  be  often  very  difficult  to  determine  whether 
there  has  been  new-formation  of  nerve  fibres  or  not.  It  seems  questionable  whether 
it  is  worth  while,  for  the  sake  of  consistency  in  nomenclature,  to  attempt  to  restrict 
the  term  neuroma  to  those  actually  composed  of  nerve  tissue. 


S.-THE  ANGIOMA  OR  VASCULAR  TUMOUR. 
We  have  here  a  tumour  comiiosed  of  blood-vessels  or  lymphatics. 
The  tumour  varies  in  bulk  according  to  the  fulness  of  the  vessels, 


The' terrL'^  occasionally  designated  Erectile  tumours. 

of  any  kin?  r'a,  "^"^  "^^"^"^^  ^'^^'^       -"^-^^^  -rk 

surface.  "^'^^  synonymous  in  its  use  with  angioma  of  the 

Thit:crrii7r    ^''^''^''^  ^^^^^-^ 

vessels  formmg  a  rich  plexus  (see  Fig.  136).   It  is  mostly 


308 


TUMOirilS. 


a  growth  of  the  skin,  and  may  be  very  small  or  cover  a  large  area, 
forming  a  flat  soft  surface  of  dark  or  bright  hue.  It  is  nearly  always 
congenital,  although  it  may  increase  in  size  after  birth.  Minute 
capillary  naevi  are  very  common,  and  are  frequently  multiple.  These 
capillary  nsevi  graduate  into  (2)  the  Venous  or  Varicose  naevi,  or 
those  consisting  of  dilated  veins  (Fig.  137).  They  have  similar 
situations  to  the  capillary  form  and  similar  appearances. 


Fig.  13T.— Section  of  skin  in  a  case  of  diffuse  venous  ua3vus.    The  large  sinuses 
(shaded)  are  seen  to  lie  superficially  between  the  hair-foUicles  and  glands.  (Virchow.) 

(3)  The  Cavernous  angioma  consists  of  tissue  like  that  of  the  corpus 
cavernosum  of  the  penis  or  clitoris,  namely,  a  network  with  meshes 
which  communicate  freely  and  are  filled  with  blood.  When  empty 
they  are  seen  to  be  composed  of  a  pale  tissue,  in  its  texture  resembling 
a  sponge,  with  variously  thick  trabeculaj  and  variously  wide  spaces. 
These  trabeculfe  are  all  accurately  lined  with  endothelium,  and  consist 
of  connective  tissue  with  some  muscular  fibre  cells.  These  tumours  are 
usually  more  or  less  prominent  {ncevus  prominens) ; .  they  are  erectile 
and  sometimes  pulsatile.  Sometimes  the  tumour  merges  into  the 
neighbouring  vessels  without  distinct  boundary,  but  sometimes  it  has 
a  distinct  connective-tissue  capsule,  which,  however,  appears  to  be  of 
secondary  formation.  Sometimes  also  it  is  indurated  in  the  centre, 
and  the  induration  may  gradually  lead  to  the  obliteration  of  the 
spaces  and  the  destruction  of  the  tumour.  These  tumours  are  not  so 
usually  congenital  as  the  former  kind,  but  they  come  on  in  childhood 
at  latest,  and  they  may  develop  out  of  the  other  form. 
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The  skill  is  a  frequent  seat  of  the  cavernous  angioma,  especially 
that  of  the  fiice  and  head,  but  also  sometimes  of  the  trunk  or  limbs. 
"They  are  also  met  with  in  the  liver,  not  forming  prominent  tumours^ 


Fig.  13S.— Cavoriious  augiouiii  of  liver.  The  fibrous  scjjtii  aru  shown.  The  spaces 
hetween  are  occuiiied  with  blood,    x  about  30. 


arri1„ed''wiHf  entSnn  .3"."";  «"l^^'"ta>ioous  tissue  of  the  arm.  The  spaces 
visible.    X  40.  ■"><i  contain  gi-iuu.lar  matter  in  which  a  few  nuclei  arc 
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but  simply  replacing  a  piece  of  li\  er  tissue  hy  cavei'nous  tissue  (see 
Fig.  138).  ^ 

(4)  The  Lymphangioma  is'a  tumour  composed  of  lymphatic  vessels. 
Two  forms  have  been  distinguished  here  also,  namely,  the  Plexiform 
and  Cavernous.  The  former  consists  of  a  congeries  of  dilated  lym- 
phatics, while  the  latter  forms  a  more  definite  tumour  (see  Fig.  1.39). 
Sometimes  the  spaces  dilate  so  as  to  form  complex  cysts. 

These  tumours  are  mostly  congenital,  and  they  form  a  considerable 
proportion  of  the  Congenital  cystic  tumours.  The  cavernous  form 
seems  to  be  the  cause  of  the  congenital  enlargements  of  the  tongue, 
to  which  the  name  Macroglossia  is  applied,  as  well  as  of  similar 
enlargements  of  the  lips  (Macrocheilia)  and  cheeks.  The  term  Lym- 
phangiectasis  is  used  to  designate  localized  dilatations  of  lymphatic 
vessels.  These  are  met  with  in  various  situations.  The  small  whitish- 
yellow  figured  patches  seen  so  frequently  in  the  small  intestine  are 
instances  of  lymphangiectases.  In  certain  cases  of  elephantiasis  there 
is  a  great  dilatation  of  the  lymphatics  which  some  regard  as  forming 
angiomas. 

9.— THE  GLIOMA. 

This  is  a  tumour  with  the  structure  of  the  connective  tissue  of  the 
central  nervous  system,  the  Neuroglia.  In  examining  a  section  of  the 
brain  substance,  it  is  diiiicult  to  tell  what  is  really  nervous  structure, 
and  what  the  supporting  connective  substance,  but  when  we  examine 
the  surfaces  of  the  ventricles  we  find  that  the  ganglion  cells  and  nerve- 
fibres  fall  away,  and  just  at  the  surface  or  ependyma  we  have  what  is 
presumably  a  purely  connective  substance.  When  hardened  sections 
are  examined,  this  is  seen  to  consist  of  a  finely  reticulated  network  of 
fibres  and  round  or  slightly  elongated  cells.  In  the  fresh  state  the 
fibres  are  not  obvious,  and  we  haA^e  a  granular  material.  This  con- 
nective substance  has  some  of  the  characters  of  mucous  tissue,  and 
seems  allied  to  it. 

The  glioma  as  it  occurs  in  the  brain  does  not  usually  form  a  well-defined 
tumour,  but,  being  continuous  with  the  brain  substance,  has  more  the 
appearance  of  a  swelling  of  part  of  the  brain.  It  is  also  seen  that  the 
dift"erent  shades  of  colour  of  different  parts  of  the  brain  are  lost  when  a 
glioma  takes  their  place.  Gliomas  are  usually  soft  in  consistence 
and  grey  in  colour,  so  as  to  resemble  brain  substance,  but  they 
sometimes  attain  considerable  density.  They  occasionally  occur  as 
small  granular  or  warty  projections  on  the  surface  of  the  ventz'icles, 
but  the  more  important  ones  involve  considerable  portions  of  the 
brain  substance. 
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Under  the  microscope  the  glioma  is  seen  to  resemble  neuroglia-, 
but  the  cells  are  much  more  abundant.  There  is  a  well-developed  fine 
or  coarse  network,  and  in  it  cells  with  oval  nuclei.  (See  Fig.  140.) 
The  cells  present  considerable  varietj^  in  size. 


Fig.  140.— Glioma  of  bniiii.    x  200. 


Gliomas,  being  soft  and  somewhat  cellular  tumours,  are  liable  to 
secondary  changes.  Hsemorrhage  not  infrequently  occurs,  and  owing 
to  the  blood  causing  pressure  around,  the  case  may  end  like  one  of 
hsemorrhagic  apoplexy.  The  tumour  may  also  undergo  fatty  or 
caseous  metamorphosis,  and  if  a  limited  haemorrhage  has  occurred  the 
clot  may  change  in  a  similar  way.  In  this  manner  a  tumour  which 
had  originally  the  appearance  of  brain  substance  may  change  con- 
siderably. 

The  tumour  is  usually  of  slow  growth  and  non-malignant,  except  in 
the  sense  that  on  account  of  its  site  it  often  affects  important  parts  and 
causes  death. 

Gliomas  occur  also  in  the  retina,  forming  soft  tumours  which  fill  up 
the  eyeball.  The  true  glioma  is  an  innocent  tumour,  but  sometimes  it 
assumes  a  sarcomatous  character  and  malignancy  is  developed. 


10. -THE  PSAMMOMA  OR  BRAIN  SAND  TUMOUR, 
pmeal  gland  contains  calcareous  particles  like  grains  of  sand 
us  cerebri)  (see  Fig.  141),  and  tumours  are  met  with  in  which 
particles  are  present.    It  is  necessary,  of  course,  to  distinguish 
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these  from  tumours  in  which  simply  a  secondary  calcareous  infiltration 

has  occurred.  The  psammoma  is  com- 
posed of  soft  coiniective  tissue  in  the 
midst  of  which  are  calcareous  masses 
in  the  form  of  irregular  globes,  rods,  or 
spines.  (See  Fig.  142.)  The  commonest 
form  is  the  globe,  with  rounded  projec- 
tions on  its  surface  like  a  berry.  The 
origin  and  significance  of  these  masses 
is  obscure.  They  are  sometimes  seen 
to  bear  a  close  relation  to  the 
blood  vessels,  as  in  Fig.  142,  and 
1,11   r-,  ,  ,  .  tumours  have  been  placed  by 

tig.  141.— Globular  particles  of  brain  sand.  ,  ^ 

some  observers  in  the  category  of 
endotheliomas  which  have  undergone  calcification.  The  tumours  are 
met  with  in  the  pineal  gland,  choroid  plexus,  and  brain  substance, 
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Fig.  142. — Psammoma  infiltrating  dura  mater,    x  200. 

and  are  usually  small.  They  also  occur  in  the  dura  mater,  where 
they  form  half  globular  tumours,  sometimes  as  large  as  a  cherry  and 
either  smooth  or  irregular  on  the  surface.  These  tumours  may  press 
upon  the  brain  substance  (see  Fig.  1 43),  but  they  seldom,  if  ever,  in  the 
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human  subject  give  I'ise  to  symptoms.  In  the  lower  animals,  espe- 
■cially  in  the  horse,  they  may  attain  considerable  dimensions  and  cause 
marked  sym[)toms. 


Fig.  143.— Fibro-i5.sainmoiiia  of  chirii  mater.    Half  of  the  tumour  i.s  .shown,  along 
with  the  indentation  of  the  cerebral  .surface  can.sed  by  the  gi-owth. 

The  calcareous  particles  probably  arise  by  deposition  around  the 
new-formed  vessels.  Besides  occurring  in  the  simple  psammoma,  they 
are  met  with  in  sarcomas,  myxomas,  and  other  forms  of  tumour. 

11.- THE  LYMPHOMA  OR  LYMPHATIC  GLAND  TUMOUR. 

Under  this  designation,  tumours  composed  of  typical  lymphatic 
gland  tissue  would  be  included,  but  it  is  doubtful  whether  such 
simple  lymphomas  exist.  Such  tumours  originating  in  glands  would 
scarcely  be  distinguishable  from  simple  hypertrophres.  Enlargements 
of  lymphatic  glands  occur  as  a  result  of  tuberculosis  and  svphilis, 
and  in  leukaemia,  but  these  all  belong  to  distinct  categories'.  The 
proper  tumours  arising  in  lymphatic  glands  and  having  their  structure 
are  nearly  all  infective  or  sarcomatous  in  character. 

12. -THE  PAPILLOMA  OR  PAPILLARY  TUMOUR. 
By  this  name  is  meant  a  tumour  composed  of  a  congeries  of  exag- 
gerated papilla  like  those  of  the  skin,  or  like  the  villi  of  mucous 
membranes    A  papilla  or  villus  consists  of  a  basis  of  connective  tissue 
Lrir      Z'"  ^  '"'^'"'^'^  blood-vessels,  and  a  covering  of 

blT'  7^!  ^P'^helium  is  like  that  of  the  surface  concerned,  and 
may  be  stratified  or  in  a  single  layer. 
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hard  epidermis.  (See  Fig.  144.)  At  the  surface  of  the  wart  the 
papillge  may  be  covered  over  with  a  continuous  layer  of  epidermis, 

or  the  individual  papillae  may  pro- 
ject independently.  The  Horn  {Comu 
cutaneum,  keratoma)  (see  Fig.  145)  is 
also  formed  on  the  basis  of  a  group 
of  papiUae,  but  the  hard  horny  epi- 
dermis is  greatly  developed,  and 
Fig.  145.— Cutaneous  horn  from  face,  forms  a  consistent  outgrowth  of  Con- 
siderable dimensions.  (See  Fig.  146.) 
The  appearances  are  simulated  in  cases  of  excessive  hypertrophy 
of  the  toe  nails  (see  Fig.  147).  The  Condyloma  is  a  syphilitic  out- 
growth due  to  exaggeration  of  the  papillte  with  very  soft  epidermis. 
It  occurs  near  the  genital  organs  mostly. 

The  ordinary  wart  must  be  distinguished  from  thie  Congenital  soft  warts  and 
Moles.  These  are  often  pigmented  and  sometimes  covered  with  hairs.  In  their 
structure  they  not  uncommonly  contain  tissue  composed  of  round  or  spindle-shaped 
cells  and  so  differ  altogether  from  the  true  warts.  It  is  these  soft  warts  and  mole* 
which  in  after  life  are  liable  to  give  rise  to  sarcomas  or  cancers. 
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Fig.  140.— Ciitiiueous  horu  of  face.  lu  the  homy  epidermis  eluni/ated  fi.s.suros  are 
shown.    Ill  some  of  tlioso  fine  hairs  wore  present,    x  20. 


Blzo^'         'lyP'-''*™I'li.v  uf  great  toe  nails  in  an  aged  bed-ridden  snl)joct.  ActuaF 
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On  mucous  membranes  papillomas  may  be  gathered  into  local 
tumours  or  cover  a  considerable  surface,  giving  it  a  shaggy  villous 


Fig.  148.— Papilloma  of  laiyux  :  e,  epithelium  ;  h,  connective  tissue;  <7,  mucous 
glands  ;     au  atrophied  gland,    x  20.    (Cornil  and  Ranviee.) 

appearance.  In  the  larynx  (Fig.  U8)  they  often  form  localized 
prominent  tumours,  especially  on  the  vocal  cords.     They  are  not 


Fig.  149. — Villous  papilloma  of  rectum.    The  growth  completely  encircled  the  lower 
end  of  the  bowel. 

uncommon  in  the  rectum.  (See  Fig.  149.)  In  the  urinary  bladder 
they  are  of  considerable  importance  on  account  of  their  tendency  to  cause 
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Pig.  151.— Villous  paiJillomii  ot  urinary  liladdov.    x  40. 
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hc-enion-hage.  In  this  situation  they  may  form  distinct  tumours  with 
long  branched  papillae,  or  there  may  be  a  large  surface  which  is 
simply  villous  in  appearance.  (See  Fig.  150.)  The  papilla  are  covered 
with  delicate  epithelium,  and  severe  and  frequent  hemorrhages  are 
common.    (See  Fig.  1.51.) 

The  papillomatous  cyst  is  an  important  form  of  tumour  of  the 
ovary.  It  is  more  fully  dealt  with  in  the  Section  on  Diseases  of 
the  Generative  Organs. 

The  Pacchionian  bodies  of  the  arachnoid  are  really  papillary  forma- 
tions, Cleland  has  also  described  tumours  of  this  region  which  seemed 
to  arise  by  extreme  hyperplasia  of  these  papillaj. 


13.-THE  ADENOMA  OR  GLANDULAR  TUMOUR. 

The  adenoma  in  its  structure  mimics  the  gland  in  which  it  origi- 
nates.   As  there  are  many  glands  of  different  structure,  so  there  are 


/  y  /.  ' ■ '  -V/  vV>\  j:^.:  :;■■■]  liyy^ .y  f 
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Pig.  152. — Mammary  adenoma.    Gland  spaces  are  shown  iu  a  cellular  fibrous  stroma,    x  04. 

various  foi'ms  of  adenoma.  The  several  forms  will  be  more  particularl}' 
described  under  the  respective  organs,  and  it  will  only  be  necessary 
to  enumerate  here  the  most  common.  We  have  the  mammary  (see 
Fig.  152),  the  prostatic,  the  thyroid  (see  Fig.  153),  the  renal,  the 
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Fig.  155.— Adenoma  of  liver,    x  50. 
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siiprarenal  (see  Fig.  154),  and  the  hepatic  adenomas  (see  Fig  155). 
Besides  these,  the  so-called  mucous  polypi,  although  often  formed  of 


Vig.  I'jii.— Large  polyimicl  and  paiiillaiy  adenoiua  uf  stomach. 


I'Mg.  \  'u. — Adeuuuia  (if  intestine,    x  12. 


hypertrophied  mucous  membrane,  frequently  contain  glandular  tissue 
which  is  apparently,  in  some  cases,  new-formed.     In  Fig.  156  is 
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represented  a  large  papillary  adenoma  of  the  stomach,  and  in  Fig.  157 
a  section  of  one  of  an  enormous  number  of  large  and  small  glandular 
tumours  present  in  the  intestine  of  a  child.  Again,  in  ovarian  tumours 
there  is  frequently  a  new-formation  of  gland-tissue  out  of  which  cysts 
develop,  so  that  the  tumour  is  called  an  adenocystoma. 

The  term  adenoma  is  not  commonly  used  for  tumours  composed  of  lymphatic- 
gland  tissue,  although  the  expression  lymph-adenoma  is  not  infrequently  employed. 
As  the  structure  of  lymphatic  glands  differs  so  markedly  from  that  of  the  epithelial 
glands,  it  is  perhaps  better  to  reserve  the  term  adenoma  for  the  latter,  and  to  use 
that  of  lymphoma  for  the  former. 

A  rather  unfortunate  custom  of  calling  lymphatic  tissue  "adenoid  tissue,"  with- 
out specifying  that  it  is  lymphatic,  has  become  somewhat  prevalent.  It  would 
conduce  to  clearness  if  the  term  lymphoid  tissue  were  used  instead. 


14.— THE  CYSTOMA.  CYSTS. 

A  cyst  is  a  cavity  having  a  delinite  wall  composed  of  connective 
tissue  lined  with  epithelium,  and  containing  more  or  less  fluid  contents. 

The  modes  of  formation  of  cysts  are  somewhat  various,  but  they 
all  imply  the  progressive  accumulation  within  the  sac  of  material  which 
has  generally  the  characters  of  a  glandular  secretion,  but  which  may 
be  simply  serous.  Hence,  with  few  exceptions,  cysts  arise  in  con- 
nection with  secreting  structures,  and  these  may  be  the  normal  glands 
or  else  structures  which  in  themselves  are  of  pathological  origin.  In 
the  former  case  there  is  retention  and  accumulation  of  the  normal 
secretion,  hence  the  name  Eetention  cyst ;  and  in  the  latter  there  is  an 
abnormal  tissue  producing  secretion,  which  accumulates.  Besides  these, 
which  are  the  chief  modes  of  formation,  we  have  subordinate  groups 
arising  in  some  cases  by  dropsy  of  existing  structures,  in  others  by 
softenings  of  the  tissue,  more  especially  of  tumours,  and  in  others  by 
the  transformation  of  an  irregular  space,  such  as  a  collection  of  blood 
has  formed,  into  a  definite  cavity  or  cavities  containing  fluid. 

The  cysts  thus  form  a  somewhat  heterogeneous  group,  and  only 
some  of  them  have  the  characters  of  tumours  in  the  sense  of  forming 
independent  growths.  Those  arising  by  softening  are  entirely  subor- 
dinate, and  are  not  to  be  regarded  as  tumour  formations.  On  the 
other  hand,  those  arising  from,  accumulation  of  secretion  or  dropsical 
fluid  in  normal  structures  may  or  may  not  have  the  characters  of 
tumours.  Where  there  is  a  progressive  increase  implying  a  new- 
formation  of  tissue  so  as  to  form  the  wall  of  the  enlarging  sac,  the 
characters  assume  closely  those  of  a  tumour.  In  the  case  of  cysts 
arismg  from  some  new-formed  pathological  tissue,  the  characters  of 
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a  tumour  are  complete,  and  it  is  advisable  to  reserve  the  name 
Cystoma  for  them. 

(1)  Retention  cysts.— These  arise  from  glands  by  retention  of  theii- 
secretion  owing  to  obstruction  or  obliteration  of  the  ducts.  Examples 

of  this  on  a  large  scale  are 
furnished  by  cases  in  which  a 
main  duct  is  obstructed.  Thus 
obstruction  of  the  ureter  may 
lead  to  the  conversion  of  the 
kidney  into  a  large  cystic  cavity 
(hydronephrosis).  Obstruction 
of  the  cystic  duct  may  cause 
the  gall  bladder  to  form  a  large 
sac ;  and  closure  of  the  orifice 
of  the  vermiform  appendage 
may  lead  to  the  formation  of  a 
large  cyst.  (See  further  under 
their  respective  headings.)  On 
a  smaller  scale  we  find  in  the 
kidney,  liver,  and  mamma,  mul- 
tiple cysts  formed  by  accumula- 
tion of  secretion  in  the  tubules 
and  ducts.  In  the  kidney  the 
cysts  grow  to  such  an  extent 
that  we  have  a  cystic  trans- 
formation of  the  kidney  (see 
Fig.  158). 

Mucous  cysts  also  form  an 
important  group  of  retention 
cysts.  They  occur  in  situations  where  mucous  glands  are  present, 
their  chief  sites  being  the  nostrils  and  communicating  cavities,  the 
upper  surface  of  the  epiglottis,  the  larynx,  the  oesophagus,  and  in  con- 
nection with  the  glands  of  Cowper  and  Bartolin. 

The  origin  and  mode  of  formation  of  the  mucous  cyst  has  been  carefully  studied 
by  Eeoklinghausen.  The  cyst  is  formed,  not  out  of  the  gland,  but  from  its  duct, 
and,  as  the  gland  persists,  its  secretion  is  thrown  into  the  cyst.  This  is  shown  in 
Pig.  159  copied  from  Recklinghausen's  paper.  It  would  thus  appear  that  the  per- 
sistence of  the  gland  is  an  essential  element  in  the  formation  of  the  cyst.  In  the 
enlargement  of  the  cyst  the  power  which  mucin  has  of  swelling  up  and  absorbing 
water  is  of  some  consequence.  Before  a  regular  cyst  forms,  the  orifice  of  the  duct 
is  obstructed,  usually  by  inflammation  around  it.  But  on  account  of  the 
peculiarity  of  mucin  just  noticed,  a  small  temporary  cyst  may  form  without  any 
considerable  obstruction  of  the  duct.    If  a  quantity  of  mucin  is  discharged  into  tlie 


Fig.  15S. — Cystic  transformation  of  kidney 
shown  in  section.  The  other  kidney  was  simi- 
larly affected. 
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duct  it  may  swell  so  much  as  to  be  unable  at  once  to  escape  from  the  orifice  and  so 
form  a  small  cyst,  which  afterwards  discharges.  In  this  way  cysts  often  form  in 
the  mucous  membrane  of  the  mouth. 


a 


a 


Fig.  1:50.— Formation  of  mucous  cy.sts ;  a,  the  persistent  mugous  glfind  tissue ; 
i,  the  dilated  duct.    X  300.  (Rkckliniihausen.) 

Cysts  arising  in  mucous  polypi  have  a  similar  mode  of  formation  to  that  just 
described.  The  obstruction  of  the  orifices  is  here  the  more  likely,  as  the  polypus 
itself  usually  originates  in  connection  with  chronic  inflammation  of  the  mucous 
membrane. 

(2)  Cysts  by  Dilatation  of  pre-existing  spaces. — Such  cysts  result 
from  dropsy,  as  in  the  ovary,  where  we  often  have  many  cysts 
from  accumulation  of  fluid  in  G-raafian  vesicles  (see  under  Diseases  of 
the  Ovaries).  Again,  serous  cysts  form  by  dilatation  of  lymphatics 
and  of  serous  spaces  in  the  connective  tissue.  Another  example  is 
afforded  by  the  thyroid  gland,  where  the  colloid  degeneration  in  the 
saccules  may  lead  to  the  formation  of  cysts,  which  enlarge  both  by 
accumulation  of  their  contents  and  coalescence  of  neighbouring  ones. 

(3)  Dermoid  cysts.— These  are  cysts  which  warrant  the  name  of 
cystoma,  as  their  walls  are  not  formed  from  normal  tissue,  but  are 
themselves  of  pathological  origin.  The  wall  of  the  cyst  is  formed  of 
tissue  like  that  of  the  skin,  and  the  contents  are  epidermis  and 
sebaceous  matter.  The  simplest  of  them  are  found  in  and  under  the 
skin,  and  they  arise  from  inclusion  of  foetal  rudiments  of  the  skin. 
Thus,  as  already  mentioned,  the  imperfect  closure  of  the  branchial 
clefts  may  give  rise  to  a  dermoid  cyst  in  the  neck.  Dermoid  cysts 
in  the  scalp— so-called  wens— are  very  simple  in  structure  (Fig.  160); 
whi  St  those  of  the  face  are  more  complex  and  often  contain  hairs. 
fetiU  more  complex  are  the  dermoid  cysts  of  the  ovary  (see  Diseases 
otJ^entiile  generative  organs),  which  arise  apparently  from  the  ovum, 
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and  usually  contain,  besides  skin  structures,  bone,  cartilage,  teeth,  etc. 
(Fig   161).    Such  complex  cysts  might  be  classed  among  the  Tera- 


Fig.  160.— Cyst  from  subcutaneous  tissue,  (a)  Natural  size,  (b)  WaU  of  cyst.  To 
the  right  is  the  fibrous  wall  lined  with  stratified  epithelium.  To  the  left  altered 
epithelial  cells  are  indicated,    x  200. 


Fig.  Dermoid  cyst  of  ovary.    At  the  upper  part  the  epithelial  lining  of  the 

cyst  is  shown.  Immediately  beneath  tlic  surface  and  to  the  loft  is  an  "cinthehal 
pearl."    Sebaceous  and  sweat  glands  are  abundant,    x  10. 
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tomas.  Similar  cysts  have  been  met  with,  though  rarely,  in  the 
testicles,  brain,  orbit,  lung,  peritoneum,  and  elsewhere. 

(4)  Cysts  from  new-formed  gland  tissue.— Cysts  of  the  ovary 
frequently  arise  from  glandular  tissue  (see  Fig.  162).  These  tumours 
will  be  fully  described  in  the  section  on  diseases  of  the  ovaries.  The 
gland  tissue  has  no  ducts,  and  as  the  epithelium  produces  a  mucous  or 
other  secretion  there  is  great  distension,  resulting  in  the  formation  of 
cysts.f  ,  Sometimes  the  gland  tissue  is  rather  in  the  form  of  villous  or 
papillary  processes,  and  cysts  form  by  the  union  of  these  processes 
and  the  accumulation  of  secretion  in  their  recesses. 


Fig.  l&i. — From  a  colloid  ovarian  cystoma.  Gland-like  tissue  and  the  beginning 
of  cysts.    X  70. 


(5)  Parasitic  cysts. — Certain  parasitic  animals  (the  Taeniae  or  tape- 
worms) in  one  phase  of  their  development  in  different  species  of 
animals,  occur  in  the  form  of  cysts  (so-called  bladder  worms).  Around 
these  parasites  the  tissues  of  the  animal  form  sacs  composed  of  con- 
nective tissue.  The  most  important  example  of  this  is  the  so-called 
hydatid  cyst  which  occurs  in  connection  with  the  taenia  echinococcus 
and  sometimes  attains  large  dimensions. 

(6)  Secondary  cysts. — Cysts  of  subordinate  importance  are  formed 
chiefly  as  a  result  of  haemorrhage  or  of  softening.  Extravasation  cysts 
result  from  the  changes  which  may  occur  after  haemorrhage.  This  is 
exemplified  in  the  case  of  the  apoplectic  cyst  where  the  blood-clot 
and  softened  brain  substance  are  replaced  by  connective  tissue  con- 
tammg  fluid  in  its  meshes.  Such  cysts  may  occur  from  softening  of 
the  brain  without  haemorrhage. 

Cysts  in  tumours  sometimes  originate  by  dilatation  of  glandular 
structures,  and  hence  are  very  common  in  adenomas.    They  also  occur 
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not  infrequently  from  softening  of  tumour  tissue  (Fig.  163).  This 
is  especially  the  case  in  large  tumours  and  in  those  whose  tissue  is 
already  comparatively  soft.  All  forms'tbf  tumours  when  they  grow 
to  a  large  size  are  liable  to  have  cavities  in  their  central  parts  due 
to  softening.  On  the  other  hand  the  soft  sarcomas  often  contain 
cysts  without  attaining  to  large  dimensions.    These  latter  cysts  often 


Fig.  1(53.— Large  cystic  lymphosarcoma  of  liver.  The  cavity  was  filled  with  blood- 
stained fluid.    The  primary  growth  wa.s  in  the  mediastinal  glands. 


contain  blood,  and  indeed  the  tumour  may  present  little  more  than 
the  characters  of  a  cyst  filled  with  blood.  Blood-cysts  are  apparently 
for  the  most  part  sarcomas  which  have  undergone  this  process. 
(Qodlee.) 


15.— TERATOMA. 

This  name  has  been  applied  by  Virchow  to  tumours  into  the  struc- 
ture of  which  a  number  of  very  different  tissues  enter.  The  name  is 
derived  from  repas,  a  monster.  The  tumour  contains  various  structures 
of  the  body  as  if  from  an  ill-arranged  foetus.  Thus,  we  may  have  in 
such  tumours,  skin,  bone,  muscle,  glands,  nervous  tissue. 

Some  of  these  tumours  arise  by  the  abnormal  inclusion  of  a  portion 
of  a  double  monster  (see  p.  39).  They  are  most  frequently  met  with 
in  positions  where  double  monsters  are  usually  attached  to  each  other, 
namely,  in  the  sacral  region  (see  Fig.  164)  or  further  up  the  back,  and 
in  the  head  and  neck.  They  are  also  somewhat  frequent  in  the 
ovary,  where  they  may  arise  by  an  irregular  developmental  process, 
the  ovum  endeavouring  to  develop  some  of  the  perfect  tissues  of  the 
body. 
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s.mpf «  ivf  ■17^""*^""!^'  turatciiui.    A  largo  number  of  glandular  and  cystic 

spaces  are  shown  with  occasional  islets  of  cellular  cartilage,    x  40. 


328 


TUMOURS, 


They  frequently  contain  pieces  of  bone  which  simulate  the  bones 
ot  the  foetus,  and  also  cartilage  and  brain  substance.  Not  infre- 
quently they  contain  cysts,  and  may  be  indeed  chiefly  composed  of 
these  (see  Fzg.  165).    The  walls  of  the  cysts  recall  the  structure 


/■•, 


Fig.  166.— Intracranial  teratoma.  The  various  elements  depicted  were  present  in 
one  small  section  of  the  tumour.  Glandular  struetm-es  of  very  different  forms, 
cartilage,  bone,  voluntary  and  involuutary  muscle,  etc.,  were  found,    x  20.  ' 


of  the  skin,  which  sometimes  contains  hairs,  etc.,  and  of  mucous 
membranes,  and  their  contents  are  sebaceous  matter  and  mucus. 
Besides  cysts  the  tumour  commonly  contains  much  adipose  tissue, 
glandular  structures  of  somewhat  indefinite  chai-acter,  and  voluntarj'^ 
muscle. 
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The  teratomas  of  internal  org^ans  do  not  usually  represent  such 
complete  systems  or  so  many  different  tissues  as  the  sacral.  They 
are  most  frequent  in  the  ovaries,  but  also  occur  in  the  peritoneum, 
testes,  lungs,  etc.  Intracranial  teratomas  are  occasionally  met  with 
(Fig.  166).  The  pineal  gland  has  been  shown  to  be  the  place  of 
origin  of  some  of  these.  The  dermoid  cysts  already  considered  are 
the  chief  representatives  of  this  group  in  internal  organs. 

It  must  be  confessed  that  the  exact  position  of  these  tumours  cannot  be  regarded 
as  fully  determined,  although  the  researches  of  Wilms  and  others  have  done  much 
to  throw  light  on  the  subject.  A  case  examined  by  the  author  had  some  peculiar 
features  which  approximated  it  to  the  class  of  true  tumours.  The  child  lived  for 
two  years  after  birth,  and  the  tumour  became  much  larger,  even  in  proportion 
to  the  growth  of  the  child  during  that  period.  Most  of  the  tissues  mentioned 
above  were  present,  namely,  cysts  of  the  dermic  and  mucoid  character,  adipose 
tissue,  voluntary  muscle,  gland  tissue  and  bone.  A  striking  peculiarity,  and 
one  which  constitutes  the  chief  divergence  from  other  eases  of  the  kind,  was 
the  presence  of  cancerous  tissue.  Not  only  was  this  tissue  present  in  the 
tumour,  but  there  were  numerous  secondary  tumours  of  typically  cancerous 
structure  in  the  liver. 

Literature  of  Typical  Tumours.— In  addition  to  the  general  references  already 
given,  the  following  will  prove  useful :  Filn-oma—Ymcnow's  Geschwiilste,  i.; 
Morton  and  Coats,  Glasg.  Med.  Jour.,  iii.,  14.5,  1870 ;  Eecklinghausen,  Die  multi- 
plen  Fibrome  der  Haut,  1882;  Kbiege,  Virch.  Arch.,  cviii.,  466;  Westphalen,  ib., 
ex.,  29;  Philippson,  ib.,  602;  Heisig  (Intestine),  Inaug.  Diss.  Greifsw,  1897; 
Geldneh  (Labium),  Inaug.  Diss.  Greifsw,  1897  ;  AscHorr,  Lubarsch  &  Ostertag, 
Ergebnisse,  1900.  ilfyxoma— MiiLLEK,  Arch.  f.  Anat.  u.  Phys.,  1836;  Viechow, 
Arch.,  xi.,  286,  and  Geschwiilste,  i.,  p.  396 ;  Borst,  loc.  cit.,  1902.  Chondroma— 
A.  CooPEE,  Surgical  Essays,  1818;  Virchow,  Geschwiilste,  i.,  435;  Murchison, 
Edm.  Monthly  Jour.,  1852;  Syme  (Congenital  enchondroma).  Lancet,  1855,  p.  116; 
Eenst,  Ziegler's  Beitriige,  1900.  0,s<eoma— Webbe,  Die  Kuochengeschwiilste, 
1856;  Virchow,  Geschwiilste,  ii.,  1  and  53  (Odontoma) ;  Bland  Sutton  (Odontoma), 
Tumours  Innocent  and  Malignant,  2nd  edition.  Mi/oma-A  considerable  number 
of  isolated  cases  of  Ehabdomyoma  are  recorded.  A  list  of  these  is  given  by 
KoLEssNiKow  in  Virch.  Arch.,  Ixviii.,  554,  and  by  Huber  and  Bosteom,  D.  Arch.  f. 
Mm.  Med  xxiii.,  208;  see  also  Cohnheim,  Virch.  Arch.,  Ixvi.;  Marchand,  ib., 
ixxn,.  and  c.  (m  last-mentioned  paper.  Glycogen  found  in  muscle) ;  Bland  Sutton 

-TrHTnw  °r  "T"". '  P^*^-'       1898.  Leiomyoma 

cxxi    laqn  JADASSOHN  (Multiple  Myomas  of  skin),  Virch.  Arch., 

™usen'  T.Tr  ^"^'""^  1876;  Eeck- 

WooB  EdTn  M  ,  ^'^Tr^°"/  Cystadenome,  1896.     Tulercula  dolorosa- 

and  V:!™   vi  ^  T'''  '''' '  ^-'''^--l^te,  iii.,  236 ;  Hoggan 

Copenha  risI  t'  117  v'^'"''  ''''  '  International, 
Smith  On  ,  ^<^uroma~YmcKQ\v ,  Geschwiilste,  iii.,  233;  E.  W. 

sublt^neo^^^^^^^^  ^'r  '''-  «^'l-  l^eprint;  WooL,  On' painful 

neuroma,  see  especiallv  eI.  °"  "^^^'^  '^'^  ^^O-    On  false 

Virch.  A  ch    cvi  i    S  Ueber  multiplen  Eibrome,  1882  ;  Keiege, 

ch.,  cvu,.,  Westphalen,  Virch.  Arch.,  ex.;  Philippson.  Virch.  Arch.,  cx 
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Phxiform  Neuroma— ^tavi(&,  Virch.  Arch.,  1.,  1870;  Lecroix  and  Bonnaud,  Arch, 
de  m6d.  exp6r.,  ii.,  1890  ;  Thomson,  On  neuroma,  etc.,  1900.  Papi/itoma— Cleland, 
Glas.  Med.  Jour.,  1861.  Cy.s<oma— Virchow,  Geschwlilste,  i.,  Lecture  ix.;  Butlin, 
Internat.  Ency.  of  Surg.,  iv.,  655;  Eeckt.inghausen,  Virch.  Arch.,  Ixxxiv.,  425; 
GoDLEE,  Path.  Trans.,  xxvii.,  270;  Bland  Sdtton,  On  tumours,  2nd  edition; 
AscHOFF,  Lubarsch  &  Ostertag,  Ergeb.,  1895;  Marckwald,  ibid.,  1895.  Teratoma 
— Freyer,  Virch.  Arch.,  1873,  Iviii.,  p.  509;  Lutkemuller,  Strieker's  Jahrbiicher, 
1875,  p.  66  ;  Wilms,  Deutsches  Arch.  f.  klin.  Med.,  Iv.,  1895,  Ziegler's  Beitriige, 
xix.,  1896;  Carey,  Johns  Hopkins  Hosp.  Bull.,  Nov.  1902;  Bobst  (with  refer- 
ences). Die  Lehre  v.  d.  Geschwiilsten,  1902. 


SECTION  IX.— Continued. 


B.— ATYPICAL  TUMOURS. 


I.  Sarcoma.  Definition.  Structure  ;  cells,  intercellular  substance,  blood-vessels. 
Place  of  origin.  Mode  of  growth  ;  local  malignancy  and  metastasis.  Changes 
in  structure  ;  induration,  ossification,  cystic  formation,  ulceration,  etc. 
Individual  forms.  1.  Round-celled,  2.  Spindle-celled,  3.  Giant-celled,  4. 
Pigmented,  and  5.  Plexiform  sarcomas.  Other  forms  described. 
II.  Carcinoma  or  Cancer.  Definition.  Structure ;  cells,  stroma,  blood-vessels, 
lymphatics.  Oi  igin  ;  from  existing  epitlielium,  sliown  in  many  cases,  hence 
its  localities  where  epithelium  exists.  Influence  of  age  and  sex.  Growth 
and  extension  ;  frequently  by  infiltration  ;  ulceration  ;  secondary  tumours  in 
lymphatic  glands  ;  generalization  by  implantation  of  grafts  ;  usual  seats  of 
secondary  tumours;  their  large  size;  their  mimicry  of  primary  tumours. 
Retrograde  changes  ;  fatty  degeneration,  chiefly.  The  local  nature  of  cancer. 
Individual  forms.  1.  Flat-celled  epithelioma,  including  Rodent  ulcer,  2. 
Cylinder-celled  epithelioma,  3.  Soft  or  medullary^ cancer,  -4.  Scirrhus,  5. 
Colloid  cancer,  6.  Melanotic  cancer,  7.  Mucous  cancer,  8.  Endothelioma. 


I— SARCOMA. 

JN  its  literal  meaning  this  term  simply  indicates  a  fleshy  tumour, 
and  it  was  formerly  applied  in  a  very  indefinite  way.  Under  the 
influence  of  Virchow,  however,  it  has  come  to  include  a  group  of 
tumours,  which,  although  in  certain  respects  differing  in  structure 
yet  present  such  features  in  common  that  they  form  a  consistent 
class  of  themselves. 

Definition. -The  sarcomas  may  be  defined  as  tumours  which  originate 
in  one  or  other  of  the  forms  of  connective  tissue,  but  difier  in  structure 
trom  their  mother-tissue  chiefly  in  respect  that  the  cells  greatly  pre- 
mtl  ^  7'''  -^bstance,  and  also  that  they  frequently 

th!  nl    ^  '"'^  '^"P^-    T^^^  the  origin  of 

t  mavTr'nl  f ''y^''^^  ^^--ter  of  the  structure. 

hav  nT  tt  h  ^"^^  i«  -typical, 

having  the  characters  of  malignancy  already  referred  to. 
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Structure.— Sarcomas  have  been  somewhat  aptly  compared  in  struc- 
ture to  inflammatory  new-formations.  We  have  already  seen  that  the 
tendency  of  these,  as  exemplified  in  the  granulating  wound,  is  to 
develop  into  connective  tissue.  The  round  cells  pass  into  spindle  cells, 
and  then  the  connective  tissue  develops  out  of  the  latter.  The  round 
and  spindle  cells  may  thus  be  regarded  as  the  preparatory,  or  in  a 
certain  sense  embryonic  stage  of  connective  tissue.  In  sarcomas  wc 
have  tumours  composed  of  round  cells,  and  tumours  composed  of 
spindle  cells,  with  little  or  no  tendency  to  further  development,  as  if 
the  embryonic  form  had  been  stereotyped  for  the  whole  life  of  the 
tumour.  Besides  these  forms  sarcomas  sometimes  contain  giant-cells 
(myeloplaques).  We  know  that  cells  of  this  nature  occur  normally  in 
growing  bones  where,  as  Wegener  and  Kolliker  have  shown,  they 
exercise  an  important  function  (osteoclasts),  and  they  are  not  uncommon 
in  granulation-tissue,  even  apart  from  bone.  They  also  are  to  be 
regarded  as  connective  tissue  structures,  and  as  belonging  to  a  develop- 
mental stage  of  connective  tissue. 

From  the  definition  given  above  of  sarcoma  it  will  be  apparent 
that  the  tumours  included  in  this  class  will  vary  very  greatly  in  struc- 
ture and  other  characters.  They  will  vary  in  the  first  place  according 
to  their  tissue  of  origin,  because,  although  in  general  following  the  type 
of  granulation-tissue,  yet  they  usually  carry  with  them,  especially  in 
the  characters  of  the  intercellular  substance,  some  indications  of  the 
mother-tissue,  so  that  it  might  be  possible  to  distinguish  as  many  forms 
of  sarcoma  as  there  are  typical  tumours  of  the  connective  tissue  series. 
But  even  when  derived  from  the  same  tissue  the  tumours  may  vary 
according  to  shape,  size,  and  abundance  of  cells,  so  that  still  greater 
complexity  is  thus  introduced. 

In  the  diagnosis  of  actual  cases  reference  should  be  made  to  origin 
as  well  as  to  structure  and  mode  of  growth. 

Sarcomas  differ  according  to  the  form  of  cells  and  character  of  inter- 
cellular substance.  So  far  as  the  Cells  are  concerned  the  chief  forms 
are  those  already  mentioned,  namely,  round,  spindle-shaped,  and  giant- 
celled.  The  tumour  is  usually  homogeneous  in  its  structure,  at  least  in 
its  recent  parts  where  not  altered  by  degenerations  or  further  develop- 
ments, and  so  it  is  generally  possible  to  distinguish  sarcomas  according 
as  they  are  round-celled,  spindle-celled,  or  giant-celled.  There  are, 
however,  cases  in  which  the  cells  are  variously  shaped,  partly  round 
and  partly  spindle-shaped.  These  are  sometimes  called  mixed-celled 
sarcomas. 

As  the  characters  of  the  individual  forms  of  connective  tissue  are 
determined  by  their  Intercellular  substance,  so  sarcomas  are  generally 
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named  according  to  the  nature  of  their  intercellular  substance,  e.g.y 
ribrosarcomas,  Myxosarcomas,  Chondrosarcomas,  and  so  on.  We 
have  also  tumours  of  striated  or  smooth  muscle  which  take  on  the- 
sarcomatous  mode  of  growth,  and  are  hence  called  Myosarcomas. 

The  Blood-vessels  of  sarcomas  are  generally  thin-walled,  and  they 
run  usually  in  immediate  contact  with  the  tumour  tissue.  In  some 
cases  they  are  supported  by  complete  or  rudimentary  connective  tissue, 
which  may  divide  the  tissue  into  alveoli,  and  so  give  rise  to  an  appear- 
ance resembling  that  of  cancer  (alveolar  sarcoma).  Sometimes  the  sheath 
of  the  vessels  undergoes  a  peculiar  transformation  into  a  hyaline  sub- 
stance, which  forms  a  mantle  round  the  vessels,  and  gives  a  plexiform 
character  to  the  tissue  {plexifoi'm  sarcoma,  cylindroma). 

Pigmentation  is  not  infrequent  in  sarcomas,  especially  in  those 
arising  in  pigmented  situations  such  as  the  skin  and  eyeball.  The 
pigment  is  usually  in  the  cells,  but  may  be  in  the  intercellular 
substance. 

Place  of  origin  of  sarcomas.— As  connective  tissue  is  of  nearly 
universal  occurrence,  sarcomas  may  arise  in  almost  any  situation. 
They  originate,  however,  for  the  most  part  where  connective  tissue 
in  some  form  is  abundant.  Thus  the  bones,  the  skin,  the  mamma;, 
and  the  lymphatic  glands  are  frequent  seats  of  origin.  They  are  also- 
common  in  the  testicle  and  the  brain,  but  are  somewhat  rare  as  primary 
tumours  in  other  organs,  in  the  muscles  and  in  the  lungs. 

The  place  of  origin  has  an  important  influence  on  the  structure  of 
the  tumour  and  on  the  transformations  and  degenerations  to  which 
it  is  liable. 

Mode  of  growth  and  transformations  of  sarcomas.— The  sarcoma 
grows  by  multiplication  of  its  own  elements,  and  it  is  often  surrounded 
by  a  capsule  so  as  to  be  apparently  self-contained.  Even  when  so 
delimited,  however,  it  generally  presents  the  characters  of  local  malig- 
nancy. The  tumour  grows  along  the  existing  connective  tissue  of 
the  part,  and  outside  the  apparent  boundaries,  even  outside  the  capsule 
there  are  already  the  multiplying  cells  of  the  tumour. 

This  was  very  characteristically  observed  by  the  author  in  a  case 
ot  pigmented  sarcoma,  where  the  pigmented  cells  were  -plainly  visible 
in  the  connective  tissue  outside  the  mass  of  the  tumour 

moutl.T?r  ^^''^^S  connective  tissue  sometimes 

sTtuent.  f  V.  '^'''^^  "*^«P^3^  «f        ^P^-^i^l  con- 

stituents of  the  tissue  which  it  replaces. 

Sefondtl  ^"'''^  malignancy,  sarcomas  frequently  give  rise  to 
gianas  are  not  secondarily  affected,  but  in  sarcomas  of  the  foot,  the 
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tonsil,  the  testicle,  and  probably  the  kidney,  they  are  liable  to  be 
involved  (Butlin).  This  fact  implies  that  either  in  their  origin  or 
in  process  of  growth  the  sarcomas  of  these  localities  come  into  relation 
with  the  lymphatic  vessels.  Either  with  or  without  an  intermediate 
affection  of  the  glands  extension  is  liable  to  occur  by  the  blood  so  as 
to  reach  the  lungs,  which  are  the  most  frequent  seats  of  such  metastatic 
growths.  It  may  pass  on  by  the  systemic  circulation  to  a  large  number 
of  different  situations.  The  secondary  tumours  repeat  exactly  in 
structure  and  mode  of  growth  the  primary  one,  so  that  we  may  have, 
in  the  lungs  or  elsewhere,  typical  spindle-celled  tumours,  or  even 
cartilaginous  or  ossifying  sarcomas. 

The  sarcomas  are  somewhat  liable  to  metamorphoses  and  trans- 
formations. The  soft  and  quickly  growing  ones  are  specially  prone 
to  fatty  degeneration  and  softening,  so  that  cysts  may  form  in  this 
way.  Haemorrhage  in  these  cases  is  not  an  infrequent  occurrence. 
The  tissue  may  also  show  a  tendency  to  develop  into  the  mature  tissue 
■of  its  kind.  Thus  a  fibrous  development  may  occur  in  the  sarcomas  of 
membranes,  or  a  partial  formation  of  cartilage  or  bone  may  take  place, 
and  this  tendency  may  be  so  marked  as  to  give  a  distinctive  character 
to  the  tumour,  so  that  we  may  speak  of  an  Ossifying,  Indurating,  or 
Calcifying  sarcoma.  This  peculiarity  may  give  rise  to  mistakes  in 
diagnosis  if  a  part  of  the  tumour  which  has  undergone  transformation 
be  examined,  hence  it  is  always  best  to  seek  for  the  growing  margin 
■of  the  tumour  for  examination. 

Besides  this  the  sarcomatous  tissue  may  be  mixed  with  other  tissues. 
Gland-tissue  is  most  frequently  thus  associated,  esi^ecially  in  the 
mamma  and  the  testicle.  It  is  sometimes  difficult  to  determine 
whether  the  gland-tissue  found  in  mammary  tumours  is  simply  the 
remains  of  the  gland  or  newly-formed.  The  presence  of  gland-tissue 
is  important  as  it  frequently,  by  dilatation,  gives  rise  to  Cysts.  These 
cysts  often  give  a  special  character  to  the  sarcomas,  especially  in 
the  mamma  and  testicle,  the  association  being  indicated  by  the  term 
Cystic  sarcoma.  The  tumour  tissue  frequently  grows  into  the  cysts, 
forming  the  so-called  Intracystic  growth,  and  often  gives  a  peculiar 
character  to  the  tumour  when  divided  by  the  knife. 

Sarcomas  coming  to  the  surface  usuall}'-  incorporate  the  skin,  con- 
verting it  into  their  own  tissue,  and  then  Ulcerate.  The  ulcer  is 
thus  formed  of  the  tumour  tissue,  which  may  be  excavated  by  soften- 
ing, or  may  pout  outwards  into  a  fungating  mass,  liable  to  bleed 
{Fungus  hcematodes). 

The  individual  forms  of  sarcoma.— The  most  convenient  division 
•of  sarcomas  is  according  to  the  form  and  other  characters  of  their  cells. 
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While  such  a  division  is  adopted,  however,  it  must  be  remembered 
that  tumours  occur  in  which  various  forms  of  cells  are  present. 

1.  The  round-celled  sarcoma  is  also  called  the  granulation  sarcoma 
and  the  encephaloid  sarcoma.    It  is  composed  of  round  or  slightly  oval 


Fig.  167.— Small  ruuiid-cellcd  sarciniia  iufiltratiiig  adipose  ti.ssiie. 

cells  generally  about  the  size  of  the  polymorphonuclear  leucocytes  of 
the  blood  (see  Fig.  167),  but  sometimes  much  lai-ger  (see  Fig.  168). 


B  § 


■  «rv. 


l-iS.  108.-Large  round-celled  .arcoina  from  Hubcutaneons  tissue  of  log.    x  300. 

a'gty'Xl^^^^^  ^^^^^  has  usually 

of  lar^je  Lt^^'^  appearance.    Its  blood-vessels  are  in  the  form  mainly 
large  eapUknes,  whose  walls  are  embryonic  in  structure  and  often 
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present  varicose  or  aneurysmal  dilatations.  The  vessels  are  liable  to 
rupture,  and  so  these  tumours  often  present  interstitial  htemorrhage. 
Between  the  cells  there  may  be  some  intercellular  substance.  This  is 
sometimes  homogeneous  and  becomes  opaque  with  acetic  acid  (Myxo- 
sarcoma), or  it  may  be  somewhat  fibrous  or  reticulated. 

This  form  of  sarcoma  is  met  with  in  the  skin,  where  it  may  originate 
in  a  congenital  soft  wart  or  mole ;  in  the  subcutaneous  tissue  (Fig. 
168) ;  in  the  bones — forming  the  majority  of  the  so-called  medullary 


Fiff  169  —Lymphosarcoma  originating  in  the  lymphatic  glands  at  the  root  of  the 
right  lung.    The  extensions  of  the  gi-owth  are  shown  on  section. 


cancers  of  bone  ;  in  the  muscles  ;  in  the  glands— especially  the  mamnm 
and  testicle ;  in  the  brain  and  elsewhere.  Being  a  soft  tumour  MMth 
delicate  vessels  it  more  readily  produces  secondary  tumours  by 
metastasis  than  other  sarcomas.     It   is  also  usually  a  tumour  ot 
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rapid  growth,  and  commonly  very  imperfectly  defined  from  the 
surrounding  tissue. 

The  Lympho-sarcoma  deserves  special  mention  as  a  variety  of 
the  round-celled  sarcoma.  It  originates  from  lymphatic  glands,  its 
commonest  seat  of  origin  being  the  glands  at  the  root  of  the  lungs  (see 
Fig.  169),  but  it  also  arises  in  the  glands  of  the  mesentery.  It  closely 
resembles  the  round-celled  sarcoma 
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in  microscopic  structure  (see  Fig. 
170),  and  presents  very  typically 
the  characters  of  local  malignancy, 
involving  and  moulding  itself  upon 
neighbouring  structures,  such  as 
the  pericardium,  heart-wall,  veins, 
and  bronchi  in  the  case  of  medias- 
tinal tumours,  and  the  intestine  in 
the  case  of  mesenteric  ones. 

2.  The  spindle-celled  sarcoma 
is  also  called  the  fibro-sarcoma, 
and  corresponds  with  Paget's  class 
of  recurrent  fibroids,  and  Lebert's 
group  of  fibro-plastic  tumours. 
The  cells  are  spindle-shaped,  like 
those  in  the  deeper  layers  of  a  ^ 

1  ,  ,      ,  Fig.  170.— Lympho-sarcoma  of  mediastinum. 

granulating  wound,  and  there  is  x  ^oo. 

comparatively  little  intercellular  substance,  the  tumour  being  mainly 
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Pig.  171.— Small  spindle-cellod  sarcoma,    x  300. 

ITertlin  Bpindle-cells.     There  is  always,  however, 

a  certain  amount  of  intercellular  substance,  which  consfsts  of  fibrel 
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generally  of  some  density.  The  cells  are  arranged  in  bundles, 
which  to  a  certain  extent  interlace  like  the  bundles  of  fibre-cells  in 
the  myoma.  There  are  great  varieties  in  the  size  of  the  cells,  some 
tumours  being  composed  of  very  small  cells,  and  these  are  usually 
soft  (see  Fig.  171),  others  show  large  cells  (see  Fig.  172),  while  at  the 


Fig.  172. — Large  spindle-oelled  sarcoma.    From  a  secondary  tumour  in  the  lung. 
X  300. 

opposite  extreme  are  cases  where  the  spindles  are  gigantic.  When 
viewed  in  mass  the  individual  spindles  may  not  be  apparent,  but  they 


Pig,  173.  Large  cells  isolated  from  a  spindle-celled  sarcoma,    x  300. 


are  usually  easily  isolated,  unlike  the  fibre-cells  of  the  myoma  (see 
Fig.  173).  These  tumours,  except  the  small-celled  forms,  are  usually 
firmer  than  the  round-celled  sarcomas,  and  may  even  approach  the 
fibroma  in  hardness.  Many  of  them  show  a  tendency  to  more  complete 
organization  into  fibrous  tissue,  cartilage,  or  bone. 

The  spindle-celled  sarcoma  occurs  frequently  in  the  periosteum,  and 
in  that  case  is  firmly  attached  to  the  bone  (see  Fig.  174).    It  is  also 
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met  with  in  or  under  the  skin  (see  Fig.  175),  in  muscles,  in  the  testicle, 
etc.    It  is  a  frequent  tumour  in  the  mamma,  and  here  it  not  infre- 


Fig.  174.— Spindle-celled  sarcoma  of  tibia 

■owing  from  upper  end  of  diaphysis.  It  Fig.  175. -Large  f ungating  spiudle-celled  sar- 
eroding  the  bone.  coma  of  the  foot.  (Virchow.) 
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quently  forms  the  adenoid  sarcoma  and  the  cystic  sarcoma.  It  is 
occasionally  found  in  the  intestine,  and  especially  in  the  rectum  (see 
Fig.  176). 

The  spindle-celled  sarcoma  is  usually  a  distinctly  defined  tumouj-, 
but  often,  as  in  the  case  of  the  periosteal  form,  its  boundaries  are 
not  defined,  and  it  advances  by  incorporating  neighbouring  structures. 
(See  Fig.  174.)  Although  prone  to  return  after  removal,  it  has  less 
tendency  than  the  round-celled  form  to  give  rise  to  secondary  tumours 
by  metastasis. 


Pig.  177. — Giant-celled  sarcoma  of  femur,    x  300. 


3.  Myeloid  or  Giant-celled  sarcoma  is  a  tumour  in  which  the 
giant-cell  is  characteristic,  but  never  forms  the  only  sarcomatous 
element,  there  being  generally  spindle  cells  and  sometimes  round  cells  in 
great  abundance  (see  Figs.  177  and  178).  The  giant-cells  are  in  greater 
or  smaller  number  in  proportion  to  the  others,  and  in  the  same  tumour 
they  may  present  various  proportions  in  difi"erent  parts.  The  tumour 
tissue  is  soft,  and  very  often  of  a  brown  colour.  Cysts  not  infrequently 
develop  by  softening. 

The  myeloid  sarcoma  occurs  in  connection  with  bone,  and  most 
frequently  grows  from  the  medulla.    This  is  especially  the  case  with 
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the  long  bones,  where  the  tumours  originate  in  the  cancellated  tissue  at 
the  extremity — the  most  usual  situation  being  the  lower  end  of  the 
femur  or  the  upper  end  of  the  tibia.    (See  under  Diseases  of  Bone.) 

Myeloid  sarcoma  is  also  met  with 
outside  bones,  growing  from  the 
periosteum,  especially  of  the  jaws. 
Many  tumours,  to  which  the  name 
Epulis  is  given,  are  myeloid  sarcomas 
(Fig.  178). 

The  myeloid  sarcoma  is,  for  the 
most  part,  slow  of  growth,  and  does 
not  usually  produce  secondary 
tumours. 

4.  Melanoid,  melanotic,  or  Pig- 
mented sarcoma  always  oi'igiuates  in 
a  situation  where  pigment  already 
exists,  the  eye  or  skin.  The  cells  of  which  it  is  composed  are  usually 
spindle-shaped,  but  may  be  round,  and  from  the  first  they  tend  to  show 
an  aggregation  of  brown  or  black  pigment  in  their  substance  (Fig.  179). 


Fig.  ITS. — Giant-celled  sarcoma.  Malignant 
epulis.    X  17:'). 


Pigm^ntedr^^f m*"''  '^''"^         "'^  Bpindle-sl.aped.    Some  are  deeply 

The  pigment  is  very  irregular  in  its  distribution.  In  a  melanotic 
tumour  there  may  be  portions  unpigmented,  and  even  in  the  pig- 
mented parts  some  cells  are  free  from  pigment.  This  is  well  seen 
in  J^ig.  180. 

The  melanotic  sarcomas  have  a  great  tendency  to  metastasis,  and  as 
tne  material  is  conveyed  by  the  blood  there  are  pigmented  tumours 
mea  in  a  great  variety  of  organs  and  tissues  where  they  may 
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grow  to  great  dimensions,  though  the  original  tumour 
small. 


may  be  very 


Fig.  ISO. — Large  melanotic  sarcoma  froru  anal  margin. 

It  is  necessary  to  distinguish  from  these  proper  melanotic  sarcomas  those  which 
become  pigmented  from  blood.  In  the  former  the  pigment  is  brown  or  black  from 
the  first,  being  obviously  elaborated  by  the  cells.    In  the  latter  the  pigment  is  red 


Fig  181  — Chloroma.  CelLs  of  rounded  form  corrosijouding  in  sizo  and  structure 
with  the  larger  lymphocytes  of  the  blood  are  seen  in  groups  in  the  midst  of  fil'i-ous 
tissue.  Small  refractive  granules  which  give  the  reactions  for  fat  are  seen  scattorad 
throughout  the  tissue,    x  300. 
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or  yellow,  and  the  pigmentation  may  be  related  to  a  special  weakness  of  the  vessels 
allowing  of  hfemorrhage. 

The  term  Chloroma  has  been  applied  to  a  new  formation  of  a  peculiar  greenish - 
yellow  or  grass-green  colour.  It  occurs  primarily  in  the  periosteum  of  the  face  and 
head,  and  may  lead  to  secondary  tumours  of  similar  colour  in  the  liver,  kidneys, 
etc.  The  colour,  which  is  regarded  by  some  as  due  to  small  refracting  granules  of 
fat,  readily  disappears  on  exposure  to  air  and  light.  This  fact  has  suggested  the 
possibility  of  the  colour  being  due  to  some  oxidizable  product  allied  to  lipochrome. 
Chloroma  is  generally  classified  along  with  the  round-celled  sarcomas,  but  is  regarded 
by  some  as  a  variety  of  leukt-emia  (see  Fig.  181). 

5.  Plexiform  sarcoma  or  Cylindroma  is  a  name  applied  to  a  form 
of  tumour  whose  relations  are  somewhat  obscure,  and  it  probably 
includes  more  than  one  kind.  The  peculiarity  of  the  tumour  is  the 
existence  of  cylinders  and  rounded  structures  having  a  hyaline 
character,  like  mucous  tissue.  In  the  centre  of  the  cylinder  there  is 
often  a  blood-vessel,  so  that  the  hyaline  material  clothes  it  like  a 
mantle.  Then,  between  the  cylinders  of  hyaline  material  there  are 
frequently  masses  of  cells  which  may  form  long  processes,  so  as  to 
give  a  close  resemblance  to  cancer,  to  whose  cells  these  may  also 
conform  in  general  appearance. 

The  origin  of  these  cylinders  is  not  perfectly  clear.  In  some  cases  it  may  be 
that  we  have  a  combination  of  sarcoma  and  myxoma,  but  this  does  not  account  for 
the  peculiar  form  of  the  cylinders.  A  more  probable  explanation  is  that  the 
cylinders  arise  by  hyaline  or  mucous  degeneration  of  the  adventitia  of  the  blood- 
vessels, and  this  is  confirmed  by  the  fact  that  they  are  often  arranged  around  the 
vessels.  In  this  way  we  should  have  a  sarcoma  in  which  a  peculiar  transformation 
occurs  in  the  external  coats  of  the  vessels.  It  is  on  this  view  that  the  name  plexi- 
form angiosarcoma  is  applied  to  this  form  of  tumour. 

The  tumour  as  a  whole  is  often  of  a  gelatinous  appearance,  or  it 
may  be  that  the  gelatinous  material  is  seen  to  be  in  separate  spaces 
throughout  the  tumour.  It  occurs  in  the  orbits  and  its  neighbourhood, 
or  the  upper  and  lower  jaws ;  it  may  form  part  of  the  constituents  of 
tumours  of  the  parotid,  and  it  is  also  found  in  the  brain  and  its 
membranes  and  the  peritoneum,  where  it  may  grow  to  a  large  size. 

Besides  these  forms  of  sarcoma  several  others  are  sometimes  distinguished  and 
designated  by  special  names.  Thus  we  have  Alveolar  sarcoma  in  which  the  cells, 
which  are  generally  round  and  frequently  large,  are  arranged  in  loculi,  so  that  both 
m  the  characters  of  the  cells  and  their  arrangement  there  may  be  a  resemblance  to 
cancer.  The  place  of  origin  and  the  intimate  relation  between  the  cells  and  the 
loculi  are  generally  sufficient  to  make  the  diagnosis  clear. 

The  Osteoid  choadroma  and  Osteoid  sarcoma  are  closely  allied  forms  of  tumour 
of  bone.  In  both  there  is  a  great  tendency  to  the  formation  of  osseous  tissue, 
often  of  imperfect  structure.  The  recent  and  growing  parts  of  the  tumours  are 
composed  of  cells  like  those  of  ossifying  cartilage,  or  of  spindle-shaped  or  stellate 
cells  with  stiff  fibrous  intercellular  substance. 
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The  Psammoma  is  often  regarded  as  a  variety  of  sarcoma.  No  doubt  spindle- 
celled  sarcomas  sometimes  contain  calcareous  particles  such  as  these  already 
described.  With  less  justification  the  GUoma  is  sometimes  included  with  the 
sarcomas.  The  term  EndotheUoma  is  used  by  some  to  designate  tumours  which 
have  a  structure  indistinguishable  from  carcinomas,  but  arise  in  presumably  non- 
epithelial  structures.  We  prefer  to  include  them  among  the  cancers,  where  they 
will  be  described.  Deciduoma  maUgnum  is  by  some  regarded  as  a  form  of  sarcoma, 
(bee  under  Generative  organs.) 

Literature.— See  under  general  literature;  Vibchow,  Geschwiilste,  1864-65,  ii.  170- 
Paget,  Lect.  on  surg.  path.,  3rd  ed.,  1870,  p.  544;  Billroth,  Lect.  on  surg.  path.,' 
Syd.  Soc.  transl.,  1878,  ii.,  401;  Butlin,  Internat.  Encycl.  of  Surg.,  1884,  iv.,  600, 
and  Sarcoma  and  Carcinoma,  1882;  Bizzozero,  Wien.  med.  Jahrb.,  1878,  p.  4; 
AcKERMANN,  Volkmann's  Vortrage,  Nos.  233,  234,  1883;  Huber  (Chlo'roma),'  Arch.' 
d.  Heilk.,  xix.,  1878,  p.  129;  Chiahi  (Chloroma),  Zeitschr.  f.  Heilk.,  iv.,  1883. 
Cases  by  Dunlop  and  Bramwell,  Trans.  Med.  Chir.  Soc,  Edin.,  xxi.,  1902,  and 
Sutherland,  Scot.  Med.  and  Surg.  Journ.,  Aug.,  1902.  Cyl{ndroma-Bij.i.mTH, 
Die  Entwick.  der  Blutgefasse,  1856;  Virch.  Arch.,  xvii.,  364;  Sattleh,  Ueber  die 
sogenannte  Cylindrome,  1874;  Ewetzky,  Virch.  Arch.,  Ixix.;  Waldeyer,  do.,  Iv. ; 
Friedlander,  do.,  Ixvii.;  Perls,  Lehrb.  d.  allg.  Path.,  1894.  .  .  .  Oppenhe'luer 
(Formation  of  pigment),  Virch.  Arch.,  cvi.,  515,  1886;  Putl^ta-Kerschbaumek, 
Sarcoma  of  the  eye,  1900. 


II.— CARCINOMA   OR  CANCER. 

The  term  cancer  is  a  clinical  one,  expressing  the  malignant  characters 
of  the  tumour.  Like  sarcoma  it  was  formerly  applied  in  a  general  way, 
and  included  most  sarcomas.  The  delimitation  of  the  sarcomas  by 
Virchow  has  led  to  a  stricter  definition  of  the  cancers. 

Definition. — The  carcinoma  is  a  tumour  taking  origin  in  epithelium 
and  having  an  epithelial  structure,  but  in  the  arrangement  of  the 
structure  and  in  its  mode  of  growth  presenting  atypical  characters. 

Structure. — The  Cells  of  cancers  are  epithelial  in  origin  and  struc- 
ture, but  differ  according  to  the  form  of  epithelium  from  which  they 
are  derived.  Thus  we  have  flat  or  pavement  cells,  cylindrical  cells, 
and  glandular  epithelial  cells.  Again,  the  cells  do  not  always 
correspond  strictly  with  the  typical  cells  of  the  same  kind,  but  as 
they  are  produced  in  great  numbers,  and  as,  correspondingly  to  the 
general  type  of  epithelium,  they  lie  close  against  each  other,  they 
often  present  great  varieties  in  shape  and  size.  This  applies  especially 
to  the  glandular  forms.  The  various  forms  of  cells  will  be  again 
referred  to  in  describing  the  varieties  of  cancers.  The  cells  always 
grow  in  larger  or  smaller  masses,  lying  close  together  without  inter- 
cellular substance,  so  as  to  form  the  so-called  "cell-nests,"  which  are 
characteristic  of  cancers  (Fig.  182).  The  cut  surface  of  cancers  when 
scraped  by  the  knife  often  yields  a  fluid,  the  so-called  Cancer-juice,  in 
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which  are  present  groups  of  cells  as  they  have  been  removed  from 
the  spaces  in  which  fchey  lie. 

The  Stroma  encloses  the  cell  masses,  and  supports  the  blood-vessels 
necessary  for  the  nourishment  of  the  tissue.  The  cell  masses  are 
epithelial,  and  they  may  be  derived  from  epithelial  cells  which  have 
been  transported  from  a  distance,  as  is  the  case  in  secondary  cancers. 


SjJctiou  of  caucer  of  mamma  from  a  recent  nodule.    Epithelial  cells  in 
Zltinl  nn^Hon  ^'  !  tl^««<=  'ire  sometimes  in  singirri,wt  and  iy 

multiplication  form  larger  masses.    x200.    (Cornil  and  Ranvier.)  ^ 

but  the  stroma  is  always  derived  from  the  local  connective  tissue  and 
local  blood-vessels.  The  stroma  may  be  nothing  more  than  the  pre- 
existing connective  tissue  of  the  part,  perhaps  with  some  inflammatory 
increase,  as  indicated  by  the  presence  of  round  cells,  but  in  other 
cases,  and  especially  in  secondary  tumours,  it  forms  a  well-defined 
meshwork  of  characteristic  appearance.  The  stroma  may  be  formed, 
Tol7f^Z{  ''''''''  cartilage,  this  fact 

nd  cSat  I  r  ^""'^  ^^^^^  ^one 
and  cartilage  have  close  relations  to  ordinary  connective  tissue. 

character.    Micros'  '-.      ^!°°"dary  tumours  formed  enlargements  of  a  firm 
ilicroscopic  exammation  showed  trabeoulffi,  formed  partly  of  bone  and 
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partly  of  cartilage,  which  radiated  from  the  surface  of  the  rib.  Between  these 
trabeculre  were  the  characteristic  epithelial  structures  of  the  cancer. 

Where  a  cancer  produces  a  well-formed  stroma  along  with  the  epithelial  masses 
It  will  probably  grow  more  readily  into  a  distinct  tumour  than  where  the  epithelial 
masses  depend  for  their  nourishment  on  the  existing  blood-vessels.  In  this  latter 
case  the  cancer  will  commonly  present  more  the  characters  of  an  infiltration  of 
the  tissues  with  epithelial  structures,  and  this  infiltration  may  be  associated 
with  such  irritation  as  to  lead  to  considerable  new-formation  of  hard  connective 
tissue,  giving  sometimes  a  markedly  fibrous  character  to  the  structure,  as  in 
scirrhous  cancer. 

As  we  have  already  seen  (page  273)  according  to  Eibbert,  the  stroma  plays  a 
most  important  part  in  the  development  of  the  cancerous  tumour. 

The  Blood-vessels  in  cancers  run,  as  has  been  indicated,  in  the 
connective  tissue  stroma.  They  consist  of  wide  capillaries  with  the 
usual  arterial  and  venous  connections.  The  great  tendency  which 
cancers  present  to  extend  by  the  lymphatic  system  suggests  some 
special  structural  connection  with  the  Lymphatic  vessels.  According 
to  Cornil  and  Eanvier  such  a  connection  can  be  demonstrated  by 
injection.  If  a  cancerous  tumour,  before  being  laid  open,  be  punc- 
tured with  the  needle  of  a  hypodermic  syringe  and  a  watery  solution 
of  Prussian  blue  be  injected,  the  material  first  runs  into  the  alveoli 
aroimd  the  puncture,  mapping  out,  as  it  were,  a  series  of  cavities,  and 
then  passes  on  into  the  lymphatic  vessels,  issuing  by  their  extremities 
divided  in  removing  the  tumour. 

Origin  and  Locality  of  carcinoma. — In  regard  to  their  place  of 
origin  it  may  be  said  that  cancers  always  arise  where  epithelium  (or 
endothelium)  is  normally  present,  and  there  seems  no  doubt  that  the 
epithelium  of  the  cancer  takes  origin  in  the  similar  cells  of  the 
normal  tissue. 

Virchow,  although  distinguishing  sarcoma  from  cancer  as  a  connective  tissue 
tumour,  asserted  that  the  cancerous  tissue  takes  origin  in  connective  tissue.  The 
great  authority  of  Virchow  has  caused  this  view  to  be  pei-petuated  more  than  it 
otherwise  would  have  been.  It  was  controverted  first  by  Thiersch,  who  showed 
that  in  epithelial  cancer  the  cells  can  be  seen  to  originate  from  the  epidermic 
cells.  Waldeyer,  in  a  series  of  very  elaborate  papers,  went  over  most  of  the  seats 
of  cancer,  and  showed  that  in  these  the  cancerous  tissue  is  directly  derived  from 
the  existing  epithelium. 

In  many  situations  the  actual  Connection  with  the  existing  epi- 
thelial structures  can  be  traced,  especially  if  the  growing  edge  of 
the  carcinoma  be  examined.  Thus  in  a  section  of  an  epithelioma  of 
the  skin,  or  of  the  lip  or  tongue,  the  cylinders  of  epithelium  which 
form  the  essential  constituents  of  the  tumour,  can  be  often  traced 
into  direct  connection  with  the  Malpighian  layer  of  the  epidermis. 
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(See  Fig.  183.)  Again,  in  some  cases  of  primary  cancer  of  the  kidney 
it  can  be  seen  that  the  tumour  is  arising  by  direct  transformation  of 
the  Icidney  tissue.  The  primary  cancer  of  the  kidney  is  in  many 
cases  not  a  tumour  added  on  to  the  kidney,  but  it  is  generally  a 
portion  of,  or  sometimes  the  whole  kidney,  which  has  undergone  an 
enormous  enlargement  while  keeping  its  general  shape ;  it  is  in  fact 
the  kidney  or  portion  of  kidney  transformed.  And  when  we  examine 
the  marginal  parts  of  such  a  tumour  we  find  the  epithelium  of  the 
uriniferous  tubules  in  an  active  state  nf  proliferation,  the  tubules 


Fig.  1S3.— Epithelioma  of  lip.    The  edge  of  the  tumour  showing  the  connection  of 
the  Ingrowing  epithelium  with  the  normal  epidermis,    x  20. 

getting  distended  with  new-formed  epithelium.  The  epithelium  also, 
in  its  state  of  activity,  is  altering  its  shape  according  to  the  mutual 
pressure  of  the  cells,  so  that  it  sometimes  gets  elongated  and  tailed. 

This  activity  of  the  normal  epithelium  seems  to  be  the  regular 
preliminary  to  the  cancerous  formation  where  it  takes  origin  in  glands. 
In  the  mamma,  for  example,  there  are  some  cancers  in  which  the 
tumours  have  a  special  connection  with  the  ducts  (Duct-cancer ;  often 
•co-existing  with  eczema  of  the  nipple  and  areola).  In  these  the 
epithelium  of  the  ducts,  from  the  nipple  downwards,  shows  great 
activity,  so  that  the  ducts  become  distended  with  epithelium,  which 
in  accumulating  loses  its  normal  cylindrical  form.  The  epithelium 
of  the  acim  of  the  gland  also  partakes  in  the  active  new-formation, 
feimilar  processes  have  been  observed  in  cancer  of  the  uterus  and 
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elsewhere.  We  may  therefore  conclude  that  the  first  stage  in  the 
iormation  of  a  cancer  is  an  abnormal  activity  in  the  epithelium  of 
a  particular  locality. 

The  next  stage  in  the  development  of  the  cancer  is  that  its  epithelial 

elements  break  bounds  and  ex- 
tend out  into  the  surrounding 
tissue.  It  is  this  atypical  exten- 
sion which  is  the  most  character- 
istic feature. 

As  already  indicated,  cancer 
may  originate  in  any  locality 
where  epithelium  (or  endothe- 
lium) is  normally  present.  It 
occurs  in  the  skin  and  mucous 
membranes,  in  glands,  in  the 
lungs,  in  the  brain,  and  (rarely) 
on  serous  membranes.     But  it 
shows  great  preferences  for  cer- 
tain localities.     Thus  the  pre- 
eminent seats  of  cancer  are  the 
lower  lip,  tongue,  mamma,  uterus, 
and  stomach.     Many  of  these 
preferences  can  be  accounted  for 
by  local  peculiarities.    Cancer  of 
the  lower  lip  and  tongue  have 
been  ascribed  to  the  irritation  of 
short  or  rough  tobacco-pipes  and 
the  jagged  edges  of  carious  teeth. 
The  mamma  and  uterus  suffer 
involution  before  other  organs 
of  the  body,  and  as  cancer  is  a 
disease   of  advanced   life,  the 
earlier  decadence  of  these  organs 
may  determine  the  frequency  of 
the  occurrence  of  cancer  in  them. 
Again,  exposure  to  injury,  irrita- 
tion,   and   friction    have  been 
already  alluded  to  as  determining 
the  localities  of  cancers.    Ulcers  which  fail  to  heal  frequently  become 
cancerous,  and  the  margins  of  sinuses  in  connection  with  dead  bone 
may  be  similarly  affected  (see  Fig.  184). 

The  connection  of  cancer  with  irritation  of  the  epithelial  structures. 


Fig.  1S4. — Eijithelioina  origiuating  in  an  old 
ulcer  of  the  leg  with  exoavatiou  aud  penetration 
of  the  underlying  tibia. 
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is  forcibly  shown  in  cases  of  cancer  occurring  in  chimney-sweepers, 
workers  with  asphalt  and  tar,  or  workers  in  paraffin-refineries.  In  the 
latter  case  there  are  in  the  skin,  apart  from  the  cancerous  growth, 
numerous  elevations  of  the  epidermis,  of  one  of  which  Fig.  185  is  a 
reproduction,  indicating  that  the  irritant  has  acted  on  the  epidermis 
in  a  special  manner. 

Age  and  sex  have  important  influences  on  the  origin  and  locality 
of  cancer.  It  is  almost  unknown  during  infancy  and  childhood,  and 
is  very  rare  under  thirty  years  of  age.    The  writer  has  met  with 


Fig.  1S5.— Section  of  skin  from  the  ncighliouriiood  of  a  cancer  in  a  paraffin  worker 
There  is  a  striking  hypertrophy  of  the  epidermis  producing  a  warty  condition,     x  ]  2.' 

examples  at  the  ages  of  twelve,  twenty,  and  twenty-five.  It  is  iiequent 
from  thirty-five  till  seventy-five.  After  this  age  it  becomes  less 
frequent,  and  is  rare  in  extreme  old  age.  It  seems  strange  that  a 
disease  characterized  by  undue  activity  of  growth  of  certain  elements 
should  occur  especially  when  the  body  generally  is  losing  in  vigour. 
An  explanation  of  this  was  suggested  by  Thiersch,  to  the  effect  that, 
as  cancer  consists  essentially  in  an  exaggerated  growth  of  epithelium! 
which  invades  the  neighbouring  structures,  especially  the  connective 
tissue,  the  cause  may  lie  rather  in  a  falling  away  of  the  resistance 
of  the  other  tissues  than  an  extra  vigour  of  the  epithelium.  The 
occurrence  of  cancers  in  old  cicatrices  (see  Fig.  186),  which  consist 
of  a  connective  tissue  of  low  vitality,  and  the  engrafting  of  cancer 
on  a  chronic  tuberculous  lesion,  such  as  lupus  (Luj^us  cancer),  would 
end  some  force  to  this  view.  The  liability  of  the  mamma  and  uterus 
to  cancer  causes  a  considerable  preponderance  in  the  female  sex,  which 
IS  only  partly  redressed  by  the  frequency  of  cancer  of  the  tongue,  lip 
and  oesophagus  in  the  male.  ^' 

rec!rt!m!.7^r'  cancers.-Much  attention  has  been  paid  within 
nternr  *  P"''"''     ^^"^^^^      bodies  which  by  many  are 

interpreted  as  minute  ammal  parasites  belonging  to  the  protozoa,  to  the 
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class  of  sporozoa,  and  to  the  genus  coccidium.  There  are  undoubtedly- 
round -or  oval  bodies  which  are  present  in  some  of  the  epithelial  cells  in 


Fig.  1S(). — Epithelioma  originating  in  the  scar  of  a  biu-u. 

almost  all  cancers.  Some  of  these  are  shown  in  Fig.  187.  They  present 
certain  colour  reactions  with  staining  agents,  which  show  them  to  be 
different  from  the  ordinary  cell  structure.    They  are  present  chiefly  in 

the  protoplasm  of  the  cell,  but 
have  also  been  described  in  the 
nucleus.  These  so-called  parasites 
in  the  epithelial  cells  are  supposed 
to  stimulate  the  latter,  and  being 
animal  cells  they  may  enter  into 
conjunction  with  the  epithelial 
cells  and  induce  the  special 
action. 

This  view  has  been  supported 
by  the  citation  of  certain  facts 
connected  with  parasitic  protozoa 
and  their  action.  In  the  disease 
Coccidiosis  (see  under  Animal 
Parasites)  a  parasitic  protozoon 
grows  in  the  epithelial  cells  of 
the  hepatic  ducts,  and  leads  to  a 
marked  proliferation  of  epithelium,  so  that  gland-like  tissue  is  formed, 
in  which  new-formed  connective  tissue  supports  the  growing  epithelium. 
The  parasite,  the  coccidium  oviforme,  in  a  case  recorded  by  Gubler. 
produced  in  the  human  subject  a  number  of  tumours  in  the  liver 
which  were  taken  to  be  cancerous.    Further,  in  Molluscum  con- 


Fig.  187.— From  a  section  of  a  cancer  sliowiug  the 
so-called  cancer  bodies.  Tn  addition  to  the  nuclei, 
which  are  oval  bodies  of  uniform  size,  there  are 
round  or  oval  bodies  of  various  sizes  gcnerallj'  more 
or  less  clear,  except  in  the  centre 
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tagiosiim  (see  under  Diseases  of  the  Skin),  there  is  a  great  new 
formation  of  epithelium,  so  that  what  is  virtually  an  epithelial  tumour 
is  produced.  In  this  case  there  grow  in  the  epithelial  cells  bodies 
which  are  regarded  by  some  as  parasitic  protozoa  (the  so-called  moUus- 
cum  bodies).  The  contagious  nature  of  the  disease  suggests  a  parasitic 
origin,  but  this  has  not  been  definitely  proved. 

In  the  case  of  cancer  a  parasitic  origin  might  explain  the  malignancy 
of  the  disease  and  its  spreading  character.  When  it  once  begins,  a, 
cancer  spreads  by  inducing  the  normal  epithelium  to  take  part,  and  the 
multiplication  of  a  parasite  might  explain  this.  It  would  also  explain 
the  general  malignancy  should  the  epithelium  and  the  parasite  be  trans- 
planted together.  On  the  other  hand,  there  are  features  in  cancer 
which  are  difficult  to  explain  on  the  view  of  a  parasitic  origin.  The 
local  character  of  the  primary  tumour  is  one  of  these.  In  coccidiosis 
and  molluscum  contagiosum  we  have,  as  in  diseases  due  to  parasitic 
microbes,  many  lesions  produced  by  the  parasite,  but  in  cancer  '  a 
multiple  origin  is  never  seen,  and  even  two  primary  tumours  are  rare. 
Again,  cancer  is  a  proper  tissue  growth,  and  in  different  forms  of  the 
disease  the  tissue  produced  shows  great  variety.  This  seems  incon- 
sistent with  a  parasitic  origin,  unless  there  be  many  different  kinds  of 
coccidia.  On  the  whole,  the  presumption  seems  in  favour  of  the 
parasitic  origin,  but  there  are  many  facts  to  be  elucidated  before  it  can 
be  fully  accepted. 

The  literature  of  this  subject  is  already  very  extensive.  (See  a  list  of  112 
references  by  Stboebe,  Centralbl.  f.  Allg.  Path.,  1894,  p.  11.)  Some  of  the  principal 
papers  are:  Eussbll,  Brit.  Med.  Jour.,  1890,  vol.  ii. ;  Soudakewitch,  Ann.  de 
rinst.  Pasteur,  vol.  v.,  1892 ;  Euffee  and  colleagues,  Journal  of  Path.,  vol.  1, 1892, 
p.  189  (with  history  and  literature) ;  ibid.,  vol.  i.,  1893,  p.  395  ;  ibid.,  vol.  ii.,  1898, 
p.  3  ;  Claeke,  Cancer,  Sarcoma,  and  other  morbid  growths,  1898  ;  Pianese,  Histol. 
and  etiol.  of  Carcinoma  (Trans.),  1893;  Borst,  Die  Lehre  v.  d.  Geschwiilsten  ii 
1902. 

Mode  of  growth  and  extension  of  cancer.— We  have  seen  that 
cancer  is  characterized  by  the  atypical  growth  of  the  epithelium. 
The  growing  epithelium  sends  out  buds  or  offshoots  which  penetrate 
into  the  underlying  or  surrounding  tissue.  In  this  way  a  primary 
cancer  does  not  usually  grow  into  a  considerable  tumour,  but  rather 
insinuates  itself  amongst  the  tissues  around.  Hence  we  speak  of 
l^ancerous  infiltration  as  characteristic  of  most  tumours  of  this  kind. 

an^LTexw  the  Inoculation  of  cancer  is  one  which  naturally  suggests  itself, 
mineZ  noTAT'^  performed,  both  on  man  and  animals  to  deter^ 

abriute^^r^^^^^^^^  r- "'r  ^^^^^-^"^"^  '^^^  - 

t-iusive.    It  18  not  uncommon,  however,  to  find  what  may  be  called 
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Auto-inoculation.  Thus  a  cancer  of  the  posterior  wall  of  the  urinary  bladder  will 
sometimes  extend  to  a  point  on  the  anterior  wall  where  the  tumour  comes  in 
contact  when  the  bladder  is  empty. 

The  growing  cancerous  processes  frequently  lead  to  much  irritation 
in  the  connective  tissue,  so  that  we  may  have,  in  cancer  of  the  lip,  for 
instance,  the  extremities  of  the  cancer  cylinders  buried  in  masses  of 
round  cells.  Sometimes  there  is  considerable,  cicatricial  formation 
apparently  induced  by  the  insinuating  cancerous  processes.  On  the 
other  hand,  the  tumour  may  lead  to  little  irritation,  and  the  cancer 
with  its  characteristic  stroma  may  grow  amongst  the  normal  tissues 
merely  acting  on  them  by  pressure. 

The  effect  on  neighbouring  structures  is  to  cause  atrophy  of  their 
proper  elements  by  pressure,  so  that  the  cancer  takes  the  place  of  the 
normal  tissue. 

If  the  cancer  originates  at  a  surface,  or  in  its  growth  comes  to  present 
itself  there,  then  its  tissue,  being  less  resistant  than  the  normal 
structures,  breaks  down  and  we  have  ulcers  following.  Ulceration  is 
generally  present  in  cancers  of  the  skin  and  mucous  membranes,  and  in 
the  later  stages  of  glandular  cancers. 

Besides  this  local  malignancy  cancers  frequently  produce  tumours  at 
a  distance.  It  is  well  known  that  the  Secondary  tumours  mostly 
occur  in  the  lymphatic  glands.  This  may  be  explained  partly  by  the 
anatomical  connection  already  mentioned,  and  partly  also  by  the  fact 
that  the  growing  cancerous  process  extending  in  the  direction  of  least 
resistance  will  readily  pass  into  the  spaces  in  the  tissues  which  are  the 
radicles  of  the  lymphatic  A^essels. 

It  seems  not  improbable,  on  the  other  hand,  that  cancer  has  a  special  affinity  for 
lymphatics.  The  author  has  observed,  for  example,  in  cases  of  secondary  cancer 
of  the  lung,  that  although  brought  to  the  lung  by  the  pulmonary  artery,  the 
cancerous  growth  has  been  chiefly  in  the  lymphatic  vessels  to  begin  with.  In  one 
such  case  it  was  quite  common  to  find,  in  the  neighbourhood  of  the  pulmonary 
artery,  the  lymphatic  spaces  in  the  sheath  filled  out  with  cancerous  masses.  (See 
under  Affections  of  the  Lungs.) 

The  cancer  forms  a  true  new-formation  in  the  lymphatic  glands. 
The  tumour-formation  mostly  begins  at  the  peripheral  parts  of  the 
gland,  these  being  the  parts  to  which  the  afferent  vessels  are  distributed 
and  here  the  characteristic  epithelial  structure  is  developed.  It  is 
sometimes  very  striking  in  the  earliest  periods  of  infection  of  the  glands 
to  find  layers  of  cancerous  tissue  at  the  periphery  enclosing  the  follicles 
of  lymphatic  tissue.  The  latter  tissue  undergoes  atrophy,  so  that  we 
may  have  only  here  and  there  groups  of  round  cells  representing  the 
proper  lymphatic  gland  tissue  in  the  midst  of  cancerous  tissue.  Finally 
all  trace  of  the  normal  tissue  disappears. 
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It  is  an  important  practical  question  whether  the  enlargement  of  lymphatic 
glands  in  connection  with  cancers  is  always  a  true  secondary  infection.  There  is  no 
doubt  that,  just  as  in  the  primary  tumour,  the  cancerous  growth  is  often  associated 
with  irritation,  sometimes  leading  to  cicatricial  conditions  of  the  gland  (especially 
in  colloid  cancer),  but  in  that  case  there  is  the  cancerous  infection  as  well.  In  the 
case  of  ulcerating  cancers,  on  the  other  hand,  irritating  products  of  decomposition 
may  be  carried  to  the  glands,  and  give  rise  to  a  simple  non-cancerous  enlargement. 
Hence  enlargement  of  glands  is  of  less  significance  in  ulcerating  cancers  than  in 
those  which  are  not  ulcerated,  but  in  all  cases  enlargement  of  the  glands  is  to  be 
looked  on  with  suspicion. 

The  cancerous  infection  may  for  a  time  remain  confined  to  the 
primary  seat  and  the  lymphatic  glands,  but  it  is  liable  to  extend 
.  further  and  become  generalized.  This  occurs  by  the  material  of 
infection  reaching  the  blood,  and  being  carried  by  it  to  distant 
situations.  For  the  most  part  this  metastasis  by  the  blood  only 
occurs  after  the  lymphatic  glands  have  been  for  some  time  affected, 
and  the  infection  takes  place  from  the  lymphatic  glands.  It  may  be 
that  in  some  cases  there  is  a  direct  extension  from  the  primary  tumour 
to  the  blood.  Carcinomatosis  is  a  term  sometimes  '  employed  to 
designate  a  wide-spread  generalization  of  the  growth. 

The  infection  may  occur  from  the  lymphatic  glands  after  the  complete  removal 
of  the  primary  tumour.  This  had  happened  in  a  case  observed  by  the  author  in 
which,  after  excision  of  an  epitheUoma  of  the  vulva,  the  lymphatic  glands  in  the 
groin,  having  been  affected,  gave  rise  to  multiple  secondary  tumours  in  various 
organs. 

Having  reached  the  blood  the  infection  is  carried  throughout  the 
body,  and  Grafts  are  implanted  in  various  organs.    If  the  lymphatic 
glands  be  in  communication  with  the  systemic  veins,  then  the  infection 
will  be  carried  to  the  lungs  and  on  into  the  systemic  arteries,  but  if 
they  be  m  connection  with  the  portal  circulation,  then  the  liver  will  be 
•the  organ  to  which  they  will  be  conveyed.   This  secondary  (or  tertiary) 
infection  of  distant  organs  occurs  by  Embolism,  portions  of  cancerous 
tissue,  perhaps  only  young  cells,  being  planted  in  various  organs,  and 
tumours  are  produced  having  all  the  characteristic  structure  of  cancer 
_   ihe  metastatic  growth  does  not  occur  so  readily  in  some  organs  as 
m  others.    It  is  commonly  said  that  the  situations  in  which  primary 
cancer  occurs  are  comparatively  seldom  affected  secondarily  Thus 

tu~OnT\r\^'T"'        '^^''^  «f  --dary 

tumours.    On  the  other  hand,  the  liver,  lungs,  kidneys  heart  skin 

tea  either  with  primary  or  secondary  cancers.  Perhaps 
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of  all  organs  the  liver  is  most  liable  to  secondary  development  of 
cancer.  As  it  receives  blood  from  the  systemic  as  well  as  from  the 
portal  circulation  it  may  be  infected,  whatever  the  seat  of  the  primary 
tumour. 

There  are  some  apparent  anomalies  in  the  distribution  of  cancers  to  the  liver  and 
the  lungs  respectively.  Thus  a  cancer  of  the  lower  end  of  the  oesophagus  will  often 
give  rise  to  secondary  tumours  in  the  liver,  while  a  cancer  of  the  stomach  may 
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Fig.  188. -Secondary  cylinder-colled  epithelioma  of  liver.     The  primary  growth 
was  in  the  stomach.    X  50. 

give  rise  to  tumours  in  the  lungs.  The  author  believes  that  this  depends  chiefly 
on  the  relations  of  the  lymphatic  glands  from  which  the  infection  of  the  blood 
occurs  In  a  case  of  cancer  of  the  oesophagus  observed  by  the  author,  he  found 
that  extension  had  occurred  first  to  the  lymphatic  glands  beneath  the  diaphragm 
and  thence  to  the  liver.  On  the  other  hand,  in  a  case  in  which  primary  cancer  o 
the  stomach  gave  rise  to  tumours  in  the  lungs,  he  found  that  the  PJ-er  e  ral 
glands  were  affected  and  that  extension  had  occurred  (as  evidenced  by  the  occur 
rence  of  thrombi)  to  the  vena  cava. 
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The  secondary  tumours  are  often  more  favourably  situated  for 
growth  than  the  primary  one.  They  may  be  better  supplied  with 
blood  and  less  exposed  to  mechanical  or  other  interference.  Hence 
they  often  grow  to  a  much  larger  size  than  the  primary  one,  and  may 
show  the  structure  more  fully  developed.  Thus  the  liver  is  often  the 
seat  of  bulky  tumours,  while  the  primary  tumour  is  quite  insignificant. 

In  their  structure  the  secondary  tumours  imitate  the  primary  one 
even  in  the  finer  details.  This  applies  not  only  to  the  shape  and 
size  of  the  epithelial  cells,  but  to  the  abundance  and  arrangement 
of  the  stroma,  and  even  of  the  vessels  in  the  stroma.  If  the  stroma  be 
abundant  and  fibrous  in  the  primary  tumour,  it  will  show,  at  least, 
a  tendency  in  the  same  direction  in  the  secondary  ones,  although  time 
may  have  failed  to  allow  of  the  full  manifestation  of  this. 

This  imitation  of  the  primary  growth  produces  very  remarkable  results.  One 
sees,  for  instance,  sometimes  a  tissue  consisting  of  gland-like  spaces,  lined  with 
cylindrical  cells,  growing  abundantly  in  the  liver  (see  Fig.  188),  or  lung,  or  brain. 
A  striking  illustration  of  this  mimicry  was  found  by  the  author  in  a  case  where 
a  cancer  of  the  stomach  showed  a  striking  tendency  to  hajmorrhage ;  the  patient 
actually  died  from  the  effects  of  a  large  hajmatemesis.  There  were  numerous 
secondary  tumours  in  the  liver,  which  looked  almost  like  masses  of  blood.  The 
delicate  character  of  the  vessels  had  been  repeated  in  the  secondary  tumours,  and 
bleedmg  was  characteristic  of  them  as  well  as  of  the  primary  growth. 

Retrograde  changes  in  cancers.— The  cancerous  tissue  is  much 
more  prone  to  degenerations  and  secondary  changes  than  is  normal 
tissue.  Fatty  degeneration  is  very 
frequent.  (See  Fig.  189.)  This 
may,  in  quickly  growing  tumours, 
aflFect  considerable  portions,  so  as  to 
^ive  rise  to  an  appearatice  like  case- 


ation. In  more  chronic  cases,  the 
fatty  degeneration  affects  more  the 
individual  cells.  The  degenerated 
cells  are  readily  absorbed,  and  this 
■often  leads  to  a  relative  preponder- 
ance of  the  stroma.  Thus  cancers 
frequently    shrink    and  become 

T^ilj  ''t  "'^^^^^  P^^^^-  may  lead  to  dimpling 

fro^lt  "  «-"cers  of  the  liver 

Son  :       ^. "  Nation.    Mucous  and  Colloid  degenera' 
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lig.  1 89  —Patty  degeneration  of  the  oeUs  in 
a  cancer  of  the  mamma :  a,  slightly  aflfected  • 
b,  more  so  ;  c,  completely  fatty.     x  350 
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Ulceration  is  the  usual  result  in  superficial  cancers.  As  a  general 
rule  the  cancerous  ulcer  is  bounded  by  a  prominent  border,  composed 

of  tissue  infiltrated  with  the 
growing  tumour.  (See  Figs. 
190  and  191.) 

The  local  nature  of  cancer. 
— From  what  has  been  stated 
above,  it  will  appear  that 
cancer  begins  as  a  local  growth 
of  epithelium,  accompanied  by 
the  formation  of  a  connective 
tissue  stroma  of  varying  com- 
plexity. It  is  in  many  cases  a 
well-formed  but  atypical  tissue. 
In  the  secondary  extension  the 
other  tumours  bear  a  de- 
finite material  relation  to  the 
primary  one.  They  arise  by 
the  implantation  of  grafts, 
first,  as  a  rule,  in  the  lymphatic  glands,  and  secondly,  it  may  be,  in 
parts  further  removed.  As  the  primary  cancer  sends  ofi'shoots 
amongst  the  tissues,  and  extends  outwards  to  the  lymphatic  glands, 


Fig.  190. — Ulcei-ated  cancer  of  stomach.  The  cen- 
tral depression  of  the  ulcer  and  the  ijrominent  infil- 
trated border  are  shown. 


Fio.  191.— Epithelioma  originating  in  the  scar  of  a  burn. 

it  usually  is  difficult  to  determine  its  limits,  but  if  these  limits 
can  be  determined,  and  the  whole  growth  removed,  then  we  must 
infer  that  the  disease  will  be  eradicated.  It  is  rare  to  find  two 
primary  cancers  in  the  same  person.    In  the  great  majority  of  cases, 
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<all  the  existing  tumours  are  direct  descendants  of  a  single  primary 
growth. 

The  individual  forms  of  cancer. — Various  modes  of  classification 
have  been  adopted.  That  which  we  use  here  is  not  entirely  satis- 
factory, but  it  is  useful  for  practical  purposes. 

1.  Flat-celled  epithelioma  ;  Epithelioma  proper, — In  English  works 
the  term  Epithelioma  is  chiefly  used  to  designate  cancers  of  the 
cutaneous  surface,  lip,  tongue,  and  oesophagus,  places  where  the  surface 
is  covered  with  flat  epithelium.  Similar  tumours  occur  in  the  larynx, 
uterus,  vagina,  and  urinary  bladder.    It  is  possible  to  distinguish 


Fig  192.— Flat-celled  epitheUoma  of  lower  lip.  The  invasion  of  the  deeper  tissues 
by  eylindneal  processes  of  epithelium  continuous  with  the  normal  opitheliuin  is  shown 
^animated  capsules  are  seen  in  process  of  formation.  In  the  vicinity  of  the  gi-owth 
there  IS  round-celled  infiUratiou.    x  20.  giuwuLi 


a  penetrating  or  infiltrating  form,  and  a  more  superficial  form.  This 
latter  form  is  almost  equivalent  to  the  Eodent  ulcer  of  English  authors, 
and  the  Flacher  Krebs  of  Thiersch  and  German  authors. 

The  common  epithelioma  of  the  lip  is  the  most  familiar  example 
ot  the  infiltrating  form.  In  this  form  cylindrical  processes  of 
epithelium  taking  origin  in  the  surface  epidermis  (see  Fig.  192)  o-row 
downwards  into  the  true  skin,  infiltrating  it  and  destroying  its^'con- 
nec  ive  tissue.  These  processes,  as  they  grow,  exercise  a  concentric 
p  essure  on  their  own  cells,  and  so  produce  closely-packed  globular 
oomes,  composed  of  epidermic  cells,  wrapped  round  each  other.  These 
bodies,  variously  called  Epidermic  globes.  Laminated  capsules,  etc., 
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are  very  characteristic  of  this  form  of  epithelioma.  They  are,  how- 
ever, occasionally  found  in  other  epithelial  proliferations.  The  cells  in 
the  globes  are  usually  horny,  and  the  consequent  bright  translucent 
appearance,  as  well  as  the  bright  yellow  colour  in  sections  treated  with 
picric  acid,  attract  the  eye  in  microscopic  sections.  These  processes 
are  usually  surrounded  by  a  round-celled  infiltration.  Leucocytes  may 
often  be  seen  insinuating  themselves  between  the  horny  epithelium  of 
the  laminated  capsules  and  eventually  disintegrating  these  structures. 
G-iant  cells,  playing  the  part  of  phagocytes,  are  frequently  found  in  the 
vicinity  of  the  laminated  capsules  (Fig.  193).    In  some  parts  there  is, 
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Fig.  If3. — Epitlielioina  of  lip.    Leucocytes  are  seen  invading  an  eintlielial  process. 
A  number  of  giant  cells  arc  seen  in  the  inxmediate  vicinity,    x  100. 

along  with  the  production  of  these  penetrating  processes,  a  formation 
of  papillte  on  the  surface.  This  is  often  manifest  in  the  epitheliomas  of 
the  scrotum  and  certain  other  parts  of  the  skin.  It  is  also  very 
pronounced  in  some  of  the  vagino-uterine  cancers,  forming  the  so-called 
Cauliflower  cancers.  In  the  urinaiy  bladder  there  is  frequently 
such  a  marked  production  of  elongated  papillfe  that  the  surftice  is 
quite  shaggy,  while  the  mucous  membrane  beneath  is  infiltrated. 
To  this  form  the  name  Villous  cancer  is  often  given.  The  papilte, 
like  those  of  the  simple  papilloma  of  the  bladder,  are  liable  to 
haemorrhage. 

All  these  epitheliomas  are  prone  to  ulceration,  and  frequently 
present  themselves  as  ulcers  with  infiltrated  Avails. 
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Rodent  ulcer  is  a  special  form  of  epithelioma  which  occurs  in  the 
upper  part  of  the  face,  and  more  rarely  in  other  parts  of  the  body. 
The  writer  has  met  with  it  on  the  back  and  on  the  leg.  It 
usually  presents  itself  as  an  ulcer  with  overhanging  edges,  overhang- 
ing so  much  as  to  appear  "rolled  over."  The  edge  shows  the  epithelial 
structures  in  the  form  of  peculiar  small  epithelial  cells  arranged  in 
well-defined  groups  (see  Fig.  194),  the  peripheral  cells  of  which  are 
sometimes  columnar.  These  groups  of  cells  are  beneath  the  epidermis, 
and  seem  in  many  cases  to  have  no  connection  with  the  Malpighian 


Fig.  1!H. — Rodent  ulcor  from  the  face.    X  15. 


layer.  The  tumour  is  a  superficial  one,  there  are  no  penetrating 
cylinders,  no  laminated  capsules,  and  there  is  no  tendency  to  invade 
the  lymphatic  glands.  Its  structure  is  best  studied  in  very  early  cases 
where  it  appears  as  a  small  nodule  under  the  epidermis. 

The  Crateriform  ulcer  of  the  face,  described  by  Hutchinson,  is  an  epithelioma. 
The  name  Cholesteatoma  or  Pearl  tumour  has  been  given  to  a  form  which  is 
variously  regarded  as  an  epithelioma,  an  endothelioma,  a  cystic  tumour,  or  a 
teratoma.  It  contains  bright,  glancing,  pearl-like  structures,  consisting  mainly  of 
cholestearine  crystals  and  fat.  Besides  these,  there  are  flat  cells,  epithelial  in 
character,^  which  are  arranged  so  as  to  form  rounded  bodies,  inside  which  the 
cholestearine  is  contained.  These  tumours  are  sometimes  surrounded  by  a  capsule 
so  as  to  resemble  atheromatous  cysts.  They  are  most  typically  seen  in  the  soft 
membranes  and  substance  of  the  brain,  but  also  occur  in  the  subcutaneous  tissue, 
testicle,  ovary,  parotid,  and  ear.    (See  Virchow,  in  Virch.  Arch.,  viii. ;  Eberth, 
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do.,  xhx. ;  Eppinger,  Prag.  Vierteljahrschr.,  1875 ;  Chiari,  Cholesteatom  des 
Ruckenmarks,  Prag.  med.  Wochenschr.,  1883;  Bristowe,  Path,  trans.,  v.,  24, 
1854;  Price,  do.,  xxxviii.,  24,  1887;  and  for  more  recent  literature,  Borst,  Die 
Lehre  v.  d.  Geschwulsten,  ii.,  1902.) 

2.  Cylinder-celled  epithelioma.— This  is  a  tumour  of  parts  where 


Fig.  195. — Cylinder-celled  epithelioma  of  umbilicus. 


is  also  invaded  at  parts,    x  15. 
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cylindrical  epithelium  normally  covers  the  surface,  hence  it  is  found 
chiefly  in  the  stomach  and  intestines,  and  more  rarely  in  the  uterus. 
As  cancer  of  the  stomach  and  intestine  is  of  very  frequent  occurrence, 
this  tumour,  which  is  the  most  common  form  in  these  parts,  is  very 
often  met  with.  The  cylinder-celled  epithelioma  is  one  of  the  forms 
of  cancer  met  -with,  in  the  umbilicus  (see  Fig.  195). 
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thfSu8cul';fcor'"^xfoO°'^''^  epithelioma  of  rectum.    The  gi-owtb  invades 

The  tumour  usually  takes  origin  in  the  mucous  membrane  or  its 
glands,  the  chief  exception  to  this  being  the  case  of  certain  rare 
tumours  of  the  brain,  where  it  seems  to  arise  from  the  epithelial  lining 
ot  the  ventricles.  The  tissue  has  a  glandular  appearance,  forming  a 
congeries  of  tubes  and  cavities  lined  with  cylindrical  epithelium  (see 

gs.  lyb  and  197).  Sometimes  the  glandular  appearance  is  strictly 
preserved,  but  frequently  the  spaces  enlarge,  and  as  the  epithelial 
cells  accumulate  they  lose  their  cylindrical  form,  although  the  outer 
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layer  of  cells  next  the  stroma  may  still  preserve  the  shape.  The 
glandular  elements  are  contained  in  a  well-formed  stroma,  which 
IS  new-formed  as  well  as  the  epithelial  elements. 

In  growing,  the  tumour  infiltrates  neighbouring  parts,  very  often 
insinuating  itself  among  the  muscular  trabeculse,  and  extending 
further.     It  may  form  a  considerable  tumour,  projecting  from  the 


Fig.  108. — Seuoudaiy  cyliudor-celled  eiiitlielionia  of  liver.    The  primary  growth 
was  in  the  stomach,    x  50. 

surface,  and  is  frequently  ulcerated,  as  it  occurs  mostly  in  situations 
where  it  is  exposed  to  friction.  Secondary  tumours  closely  resembling 
the  primary  are  common  (Fig.  198). 

From  the  strikingly  glandular  character  of  these  tumours,  they  are 
included  by  some  writers  among  the  adenomas.  They  are  called  by 
these  writers  Malignant  adenoma  or  Adenocarcinoma.  As  they  are 
so  distinctly  atypical  in  their  mode  of  growth,  there  seems  no  reason 
to  separate  them  from  the  cancers. 
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3.  Soft  cancers,  Medullary  or  Encephaloid  cancers  are  characterized 
by  the  existence  of  a  very  delicate  stroma  in  which  are  abundant  cells, 
sometimes  of  small  size,  loosely  packed  in  the  alveoli  with  a  good 
deal  of  fluid  (see  Fig.  199).  They  occur  chiefly  on  mucous  membranes, 
in  the  ovaries,  testicles,  kidneys,  less  commonly  in  the  mamma.  Being 
soft,  they  tend  to  bleed,  and  if  originating  on  a  surface  or  coming 
to  it  in  their  growth,  they  may  undergo  ulceration.  Sometimes  the 
softened,  ulcerating,  bleeding  tissue  projects  in  a  very  striking  manner 
from  a  surface,  forming  the  Fungus  hsematodes,  this  condition  also- 


vis 
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Fig.  1110. — Soft  caucer.  From  a  secondary  gi'owth  in  the  mesenterj'.  The  delicate 
stroma  in  the  mcslies  of  which  cells  of  various  forms  are  loosely  arranged  is  shown. 
Notice  the  pi'esence  of  mitotic  figures.    X  200. 

occurring,  however,  in  soft  sarcomas  (p.  334).  The  cut  surface  of 
such  tumours  is  grey  in  colour,  and  a  somewhat  fluid  juice  can  be 
scraped  from  it.  In  this  juice  will  be  found  cells  and  free  nuclei,, 
the  latter  large  and  mainly  oval  in  shape.  Manj^  of  the  cells  contain 
fat  granules,  and  there  may  be  some  in  an  advanced  state  of  fatty 
degeneration. 

Cancers  of  this  kind  sometimes  grow  to  a  considerable  size,  and 
they  are  often  of  very  rapid  growth.  They  are,  as  a  rule,  very 
malignant ;  the  young  cells,  being  loosely  attached,  readily  pass  away 
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^nd  lead  to  metastasis.  Evidences  of  niitosis  or  nuclear  division  are 
commonly  met  with  in  the  cells  (see  Fig  1 99) 

4.  Hard  cancer  or  Scirrhus  occurs  most  commonly  in  the  mamma, 
but  also  in  the  stomach,  the  testicles,  ovary,  pancreas,  pleura,  and 
peritoneum.    It  is  characterized- by  the  preponderance  of  connective 


Pig.  200. -From  a  scin-hus  of  the  mamma.    The  cell-masses  of  the  cancer  are  iu 
uarrow  elongated  processes.    To  the  right  is  some  mammary  gland  tissue.  -  x  SO. 

tissue  as  compared  with  the  epithelial  structures.  The  cells  in  this 
form  of  cancer  are  mostly  in  narrow  elongated  processes  divided  by 
connective  tissue  which  does  not  form  a  characteristic  stroma  (see 
Fig.  200). 

The  cancers  of  this  kind  have  usually  a  very  infiltrating  character, 
the  epithelial  processes  penetrating  among  the  surrounding  structures, 
and  it  looks  as  if  these  processes,  by  their  irritation,  produced  an 
■excessive  amount  of  connective  tissue.  This  view  is  borne  out  by 
the  fact  that  the  connective  tissue  is  not  usually  in  the  form  of  a 
well-developed  stroma  as  if  jDlanned  to  support  the  epithelial  struc- 
tures, but  is  irregular  and  even  impinges  on  and  destroys  the 
epithelial  cells.  The  cells  readily  undergo  fatty  degeneration,  and 
they  sometimes  to  a  large  extent  entirely  disintegrate,  the  stroma 
assuming  the  upper  hand.  It  therefore  happens  that  different  parts 
of  such  tumours  have  often  very  different  characters.  The  more 
recent  parts  will  show  well-marked  epithelial  masses  Avith  stroma, 
while  in  the  older  parts  the  cells  have  almost  disappeared,  and 
there  is  nothing  but  dense  connective  tissue. 

A  scirrhus  occurs  more  as  an  infiltration  than  a  distinct  .tumour, 
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Fig.  201.— Cells  from  a  cancer  of  tlie  mamma. 
Most  of  them  contain  several  nuclei,    x  200. 


the  hardening  and  contraction  of  the  connective  tissue  causes  the 
orc^an  in  which  it  grows  to  be  sometimes  contracted  rather  than 
enlarged.  It  is  frequently  so  in  scirrhus  of  the  mamma  and  of  the 
stomach,  its  two  most  frequent  seats.  On  cutting  into  the  orgaa 
the  tissue  is  felt  to  be  dense 


and  elastic.  The  cut  surface 
is  greyish  and  transparent, 
with  opaque  yellow  markings 
indicating  the  existence  of 
fatty  degeneration  in  the  cells. 
The  juice  to  be  obtained  from 
the  cut  surface  is  scarce,  and 
under  the  microscope  it  is 
seen  to  contain  cells,  often 
of  large  size,  and  free  nuclei 
(see  Fig.   201).    The  cells 

vary  greatly  in  size  and  shape,  and  they  often  contain  two  nuclei,  or 
even  a  fully  formed  cell  inside  (mother  and  daughter  cells).  These 
cells  within  cells  are,  however,  frequently  interpreted  nowadays  as  the 
parasitic  organisms  of  cancer. 

These  cancers  are  less  malignant  than  the  soft  cancers,  but  they 
produce  somewhat  readily  secondary  tumours  in  lymphatic  glands. 

Between  the  hard  and  soft  cancers  there  are  cases  presenting  all 
shades  of  gradation;  so  that  we  might  even  speak  of  a  group 
of  simple  or  normal  cancers.  These  have  mostly  a  well-developed 
stroma  with  cells  of  moderate  size  which  lie  in  the  stroma  in  con- 
siderable spaces.  The  mamma  presents  these  varieties,  and  they 
will  be  ao;ain  referred  to  in  the  section  devoted  to  the  diseases  of 
that  organ. 

5.  Colloid  or  Alveolar  cancer  is  a  tumour  characterized  by  the 
occurrence  of  colloid  degeneration.  It  is  met  with  chiefly  in  the 
stomach  (Fig.  202)  and  intestines,  and  in  the  mamma  (Fig.  203) ; 
more  rarely  elsewhere. 

There  is  here  a  definite  new-formation  both  of  stroma  and  epithelial 
masses,  and  the  stroma  is  often  produced  in  most  beautiful  and 
characteristic  forms  (see  Fig.  203).  The  cells  regularly  undergo  colloid 
degeneration,  as  if  it  were  in  the  plan  of  the  growth,  and  finally 
the  masses  of  cells  become  converted  into  masses  of  colloid  material 
which  fill  the  spaces.  Allied  changes  probabl};-  occur  in  the  stroma. 
In  the  bulk  of  the  tumour  therefore  there  may  be  nothing  visible 
beyond  the  regularly  formed  stroma  whose  spaces  are  filled  with  clear 
transparent  material.     Occasionally  there  may  be  in  the  centres  of 
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the  alveoli  some  remains  of  the  cells  visible,  while  the  peripheral  cells 
^re  already  completely  converted  (see  Fig  203)  P^^P^^^^ai  ^ells 

wi  hoa   tC  "^'^      ^'^^  '^^^^^^^  ^''^'^  be  v"  ible 

without  the  microscope,  it  may,  even  to  the  naked  eye,  look  as  if 


Fig.  202.— Colloid  cancer  of  stomacli.    x  300. 


there  were  nothing  but  alveoli  filled  with  gelatinous  material,  hence 
the  name  alveolar.  The  tissue  is  frequently  dense  and  hard  to  the 
touch.  This  arises  from  the  fact  that  the  alveoli  are  tensely  packed 
with  the  colloid  material,  and,  the  fibres  being  on  the  stretch,  a  firm 
resistance  is  offered,  just  as  a  tightly  blown-up  bladder  is  hard. 

These  tumours  mostly  occur  as  infiltrations,  frequently  penetrating 
among  the  constituents  of  the  tissues,  and  although  they  very  often 
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extend  widely  by  continuity  (as  in  the  stomach),  they  show  little 
tendency  to  metastasis;  even  when  they  attack  the  lymphatic  glands 
secondarily  they  do  not  usually  produce  large  tumours. 

6  Melanotic  cancer  is  a  rare  form  of  tumour  compared  with 
the 'melanotic  sarcoma.  It  occurs  primarily  in  similar  situations 
namely  the  skin  and  eyeball.    It  is  really  a  soft  cancer  in  which 
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Fig.  203.— Colloid  cancer  of  mamma,,    x  200. 


pigment  is  present  in  the  cells  and  also  sometimes  in  the  stroma. 
It  is  usually  a  very  malignant  tumour,  producing  secondary  growths  by 
metastasis. 

7.  Mucous  cancer  includes  tumours  in  which  the  stroma  of  the 
cancer  assumes  the  characters  of  mucous  tissue.  The  cells  of  the 
cancer  may  undergo  a  similar  degeneration.  The  tumour  as  a  whole 
is  very  gelatinous  in  appearance,  and  is  probably  simply  a  form  of 
the  so-called  colloid  cancer. 

8.  Endothelioma  is  a  name  sometimes  applied  to  atypical  tumours 
arising  from  the  endothelium  of  serous  membranes  and  elsewhere. 
(See  above.)  Cancers  of  the  pleura  and  peritoneum  belong  to  this 
class.  They  will  be  described  in  connection  with  tumours  of  their 
own  locality. 

Deciduoma  malignum  is  regarded  by  some  as  a  form  of  cancer.  (See  under 
Generative  Organs.) 
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RETROGRADE  CHANGES. 


I.  Necrosis,  Gangrene,  Mortification.  (1)  Causes  ;  direct  injury,  obstruction  of 
arteries,  spasm  of  arteries,  obstruction  of  veins,  nervous  influences,  assisted 
by  weakness  of  the  heart ;  (2)  Forms  of  necrosis  and  changes  in  tissues, 
determined  chiefly  by  inflammation  and  putrefactive  changes.  Various 
forms  of  gangrene  ;  coagulation -necrosis  ;  caseation  ;  fat-necrosis  ;  (3)  Issues 
of  necrosis.  II.  Simple  atrophy,  its  physiological  type.  General  and  local 
atrophy.  III.  Albuminous  infiltration,  also  in  general  and  local  forms. 
IV.  Fatty  degeneration,  a  transformation  of  nitrogenous  principles.  General 
and  local  forms.  Character  of  lesion  and  results.  V.  Fatty  Infiltration, 
(1)  in  connective  tissue,  (2)  in  the  liver.  VI.  Pathological  pigmentation — 
Origin  of  pigment.  (1)  Alterations  of  physiological  pigmentation;  (2)  pig- 
mentation by  ha3moglobin  and  its  derivatives  ;  (3)  icterus,  hepatogenous  and 
hEematogenous  ;  (4)  pigmentation  in  tumours ;  (5)  pigmentation  from  without ; 
(6)  pigmentary  atrophy.  VII.  Amyloid  degeneration — Causation  and  nature 
of  process  ;  changes  in  tissues  and  seat ;  local  amyloid  degeneration  ;  corpora 
amylacea.  VIII.  Mucous,  colloid,  and  hyaline  degenerations.  IX.  Glyco- 
genic infiltration.  X.  Calcareous  infiltration,  mainly  in  dead  or  obsolete 
structures  ;  characters  and  effects. 


'Q'NDER  this  designation  are  included  a  number  of  conditions,  all 
of  whicli  imply  a  defect  in  the  nutritive  processes  in  the  tissues. 
As  the  cells  form  the  tissues,  it  is  for  the  most  part  these  which  are 
at  fault,  although  it  may  be  that  in  some  cases  the  most  manifest 
visible  changes  are  not  in  them.  The  most  extreme  case  is  where 
the  nutrition  ceases  altogether,  and  the  structure  dies.  Short  of  that, 
we  have  various  lesions  manifesting  themselves.  Thus  there  is  a 
simple  diminution  of  the  vitality,  and  the  structures  dwindle.  Again, 
the  chemical  constituents  of  the  structures  change,  splitting  up,  it 
may  be,  mto  more  elementary  principles.  Or  the  tissues  are  unable 
to  prevent  the  deposition  in  them  of  extraneous  material,  which  is 
thus  mfiltrated  into  them.  These  last  are  called  infiltrations,  whereas 
the  conditions  m  which  there  is  a  degradation  of  the  normal  consti- 
tuents mto  lower  chemical  substances  are  designated  degenerations. 
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I.— NECROSIS:  GANGRENE:  MORTIFICATION. 
The  term  Necrosis  is  equivalent  to  local  death  of  tissue,  and  includes 
all  forms  of  lesions  in  which  any  portion  of  the  body  loses  its  vitality. 
Gangrene  has  a  more  limited  significance,  being  applied  chiefly  to 
cases  in  which  the  necrosis  is  accompanied  by  putrid  decomposition 
of  the  part,  and  especially  to  death  of  considerable  portions  of  the 
external  parts  of  the  body.  Mortification  has  a  similar  meaning. 
Sloughing  is  the  death  and  separation  by  ulceration  of  smaller  parts 
of  the  soft  external  tissues.  Sphacelus  has  a  similar  significance. 
Necrosis  is  sometimes  used  in  the  limited  sense  of  death  of  bone  or 
cartilage. 

1.  Causes  of  necrosis. — An  agent  may  cause  necrosis  by  acting 
directly  on  the  tissues,  or  may  do  so  indirectly  by  interfering  mth 
their  blood-supply  or  innervation. 

Instances  of  Direct  action  are  afforded  by  chemical  agents,  by  morbid 
poisons,  by  traumatic  action,  and  by  extremes  of  temperature. 

Chemical  agents,  such  as  strong  acids  or  alkalies,  destroy  the  vitality 
of  the  tissues  by  their  caustic  action. 

Toxins  evolved  by  microbes  frequently  produce  necrosis.  The 
products  of  ordinary  putrid  decomposition  may  do  so,  as  where  decom- 
posing urine  is  extravasated  into  the  tissues.  We  see  also  in  the  case 
of  pyaemia,  erysipelas,  tuberculosis,  syphilis,  diphtheria,  that  when 
microbes  settle  in  the  tissues  and  multiply,  they  commonly  give  rise 
to  necrosis  when  acting  in  a  concentrated  form. 

Traumatic  action,  besides  its  direct  effect  in  injuring  the  tissues, 
produces  necrosis  by  obstructing  or  rupturing  the  vessels. 

Extremes  of  heat  or  cold  produce  necrosis,  partly  by  affecting  the 
living  structures  directly,  and  partly  by  their  effect  on  the  vessels. 
The  ear  of  a  rabbit,  which  has  been  ligatured  at  its  base  and  immersed 
in  water  heated  to  130°-136°  F.,  or  in  a  freezing  mixture,  reduced  to 
about  0°  F.,  suffers  necrosis  even  when  the  immersion  is  for  a  very 
short  time,  and  the  ligature  is  removed  at  once.  If  the  temperature  is 
less  extreme  a  short  immersion  produces  intense  inflammation,  and  a 
longer  immersion  produces  necrosis  (Cohnheim). 

Pressure  on  a  part  produces  necrosis  when  long  continued,  and  it 
does  so  chiefly  by  emptying  the  vessels,  and  especially  the  capillaries. 
Pressure  from  within  is  exemplified  in  the  case  of  abscesses  and 
tumours  which  advance  to  the  surface  and  cause  sloughing  of  the 
skin.  External  pressure  is  seen  to  produce  necrosis,  in  the  case  of 
bed-sores,  or  where  bandages  and  splints,  by  pressing  on  a  bony 
prominence,  cause  sloughing  of  the  skin  over  it. 
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Obstruction  of  arteries  is  a  frequent  cause  of  necrosis.  As  the 
nutrition  of  the  tissues  depends  on  the  capillary  circulation,  obstruction 
in  an  artery  will  scarcely  produce  necrosis,  unless  it  brings  about  a 
complete  stasis  in  the  capillaries.    (See  under  Embolism.) 

Besides  obstruction  of  arteries  by  embolism,  there  is  very  frequently 
a  partial  interference  with  their  calibre  as  a  result  of  atheroma,  espe- 
cially when  thrombosis  is  superadded.  In  senile  gangrene  there  is 
always  atheroma  of  the  arteries  of  the  lower  limb,  and  this,  even 
without  complete  obstruction,  may  be  the  cause  of  gangrene,  although 
weakness  of  the  heart  and  of  the  tissues  resulting  from  old  age  may 
contribute.  Softening  of  the  brain  in  old  people  is  similarly  produced 
by  atheroma.  These  softenings  are  frequently  in  the  cortex  of  the 
brain,  and  lead  as  much  to  weakness  of  mind  as  to  motor  paralysis, 
whereas  softening  from  embolism  is  usually  central,  and  leads  to  more 
definite  paralysis. 

Spasm  of  arteries  is  an  occasional  cause  of  gangrene,  as  in  Raynaud's 
disease  (see  under  Diseases  of  the  Skin).  It  has  also  been  assigned  as 
the  cause  of  gangrene  in  poisoning  with  Ergot  of  Rye.  In  former 
days  there  used  to  be  epidemics  of  what  is  now  recognized  as  Ergotism 
from  eating  bread  made  with  grain  in  which  ergot  was  present.  The 
local  symptoms  usually  consisted  of  disturbances  of  sensation,  followed 
by  redness  of  the  skin,  sometimes  culminating  in  necrosis  of  the  tips  of 
the  fingers  and  toes,  or  of  the  nose  and  ears.  This  result  is  ascribed 
by  some  to  spasm  of  the  arteries,  a  view  which  is  confirmed  by  an 
observation  of  Recklinghausen,  who  found  by  experiment  in  fowls  that 
under  the  influence  of  ergot  the  arterioles  of  the  cock's  comb  and  of 
the  tongue  showed  a  violent  and  persistent  contraction,  during  which 
thrombosis  occurred,  obstructing  or  occluding  their  calibre.  Besides 
this  action  on  the  vessels,  the  poison  may  have  a  directly  poisonous 
effect  on  the  tissues,  and  the  necrosis  may  be  further  assisted  by  the 
injury  to  which  an  ana3sthetic  part  is  exposed. 

Obstruction  of  veins  seldom  produces  necrosis,  as  these  vessels  anas- 
tomose so  freely  that  stasis  in  the  capillaries  will  rarely  occur.  It 
takes  place,  however,  when  a  piece  of  intestine  is  incarcerated  in  a 
sac  with  a  narrow  neck,  as  in  a  strangulated  hernia,  in  which  case 
gangrene  is  frequent.  Extensive  venous  thrombosis  even  may  lead  to 
gangrene. 

Nervous  influences  frequently  contribute  to  the  production  of 
necrosis.  Lesions  of  the  peripheral  nerves,  the  spinal  cord  and  brain, 
are  sometimes  followed  so  rapidly  by  the  formation  of  sloughs  in  parts 
ot  the  body  exposed  to  pressure  in  lying  in  bed,  that  the  term  Acute 
Deasore,  or  Acute  decubitus,  has  been  applied.    This  has  been  ascribed 
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to  an  affection  of  the  trophic  nerves  by  the  primary  lesion,  but  it 
remains  doubtful  to  what  extent  the  immobility  of  the  patient,  his 
constant  retention  of  the  same  posture,  and  the  alteration  in  the 
cii'culation  may  account  for  the  necrosis  without  calling  in  the  action 
of  trophic  nerves. 

A  similar  difficulty  exists  as  to  the  necrosis  in  Anassthetic  leprosy. 
Here  the  affected  parts  are  devoid  of  feeling  and  the  vaso-motor  nerves 
are  implicated,  hence  the  parts  are  more  exposed  to  injury  and  to 
variations  in  temperature,  which  are  not  compensated  by  alterations 
in  the  circulation. 

In  all  the  forms  of  necrosis  Weakness  of  the  heart  may  exercise  an 
influence,  and  in  some  cases  it  may  even  be  the  main  element.  In 
extreme  cases  of  general  weakness,  and  in  some  cases  of  specific  fever, 
there  may  be  necrosis  of  the  extremities  partly  due  to  weakness  of  the 
heart  and  partly  to  alteration  in  the  constitution  of  the  blood. 

The  various  tissues  comport  themselves  somewhat  differently  in  relation  to  the 
causes  of  necrosis,  or,  in  other  words,  they  are  able  to  survive  in  different  degrees 
a  deprivation  of  blood.  For  example,  Litten  found  that  if  he  ligatured  the  renal 
artery  in  a  rabbit  for  to  2  hours  and  then  removed  the  ligature,  the  circulation 
was  perfectly  restored,  and  the  blood-vessels  and  connective  tissue  survived  ;  while 
the  epithelium  of  most  of  the  convoluted  tubules  underwent  necrosis.  Ehrlich 
and  Brieger  found  that  a  suspension  for  one  hour  of  the  circulation  in  the  lumbar 
part  of  the  spinal  cord  caused  necrosis  of  the  grey  substance,  while  the  white 
substance  was  not  affected.  Muscle  seems  also  peculiarly  sensitive  to  deprivation 
of  blood.  Thus  in  embolism  of  the  coronary  artery  of  the  heart  the  muscular  fibres 
die  before  the  circulation  can  be  re-established,  while  the  connective  tissue  sur- 
vives. In  this  relation,  skin,  bone,  and  connective  tissue  possess  great  powers  of 
resistance,  while  nervous  tissue,  muscle,  and  the  secreting  tissue  of  glands  are 
more  vulnerable. 

The  tissues  again  may  be  rendered  unduly  susceptible  of  necrosis.  Anaemia  and 
passive  hyperremia  render  the  tissues  more  vulnerable.  Diabetes  has  a  similar 
effect ;  boils  and  carbuncles  are  common  in  that  disease,  and  sHght  injuries  are 
liable  to  go  on  to  necrosis.  Again,  children  who  are  in  extreme  states  of  inanition, 
especially  after  acute  fevers,  are  liable  to  Cancrum  oris  or  Noma  in  which  extensive 
necrosis  of  the  soft  parts  in  the  neighbourhood  of  the  mouth  occurs. 

2.  Forms  of  necrosis,  and  changes  in  the  tissues. — The  changes 
which  the  dead  tissues  undergo  vary  considerably  according  to  circum- 
stances, and  the  resulting  appearances  are  so  different  that  special 
names  are  given  and  special  forms  described  according  to  the  appearances 
presented.  From  what  has  gone  before,  it  will  appear  that  inflam- 
mation frequently  goes  along  with  necrosis;  the  two  are  sometimes 
produced  simultaneously  by  the  same  cause,  or  the  dead  structures 
may  in  themselves,  or  by  the  products  evolved  by  them,  produce 
inflammation. 
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The  circumstances  which  determine  the  form  which  the  necrosis 
will  assume  are  chiefly  these— the  position  of  the  dead  structure, 
whether  internal  or  external,  whether  protected  from  the  access  of 
microbes  or  not ;  the  presence  or  absence  of  acute  inflammation ;  the 


Fig.  204.— Section  of  nomnil  part  of  kidney.    The  nuclei  of  the  epithelium  of  the 
tubules  brouglit  out  by  staining. 

bulk  of  the  dead  piece ;  its  structure-  and  chemical  constitution.  The 
most  important  circumstance  is  whether  putrefactive  changes  occur 


r4 


tnh?i1»v^^^Tv?^?'^°"  °^  affected  part  of  same  kidney  near  border  of  infarction.  The 
nuolet    P""^""™  necrosed,  the  nuclei  invisible.    The  interstitial  tissue  with  many 

or  not.  Dead  pieces  of  tissue,  like  all  dead  animal  matter,  are  liable 
to  decomposition  under  the  influence  of  microbes.    In  most  cases  of 
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necrosis  in  external  parts  and  in  the  lungs,  the  air  finding  access 
carries  with  it  the  microbes  concerned  in  these  processes,  and  putre- 
faction is  the  result.  In  this  case  the  term  gangrene  is  usually 
applied. 


'  > 
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Fig.  206.  Necrosis  of  renal  epithelium  from  microbic  embolism.    X  40. 

In  most  cases  of  necrosis  the  process  is  characterized  by  the  dis- 
appearance of  the  nuclei  of  the  cells.  Figs.  204  and  205  show  this  in 
the  case  of  necrosis  from  embolism  in  the  kidney.  Fig.  204  is  from  the 
tissue  outside  the  necrosed  area,  and  it  is  seen  that  the  nuclei  of  both 
the  connective  tissue  and  epithelium  are  preserved.  Fig.  205,  on  the 
other  hand,  is  from  the  infarction  near  its  outer  limits ;  here  the  nuclei 
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have  disappeared  from  the  epithelium,  but  are  preserved  in  the  con- 
nective  tissue. 

In  Fig.  206  there  is  also  disappearance  of  the  nuclei  of  the  renal  epithelium  in 
conseouence  of  the  presence  of  microbes  in  a  capillary  blood-vessel.  This  is 
:  ab  y  f  -  necrosi!  as  a  result  of  the  action  of  the  microbes,  but  as  putrefaction 
also  leads  to  disappearance  of  the  nuclei,  it  may  be  an  effect  of  the  post-mortem 
growth  of  microbes,  which  however  must  have  been  planted  during  lite. 

a.  Dry  gangrene  or  Mummification.— These  terms  are  applied  in 
the  case  of  external  parts,  when  the  circumstances  are  such  that  there 
is  little  moisture  in  the  parts.    Hence  it  will  not  occur  where  acute 
inflammation  precedes  or  accompanies  the  process.    It  is  mostly  m^t 
mth  in  cases  of  embolism  or  other  obstruction  of  the  arteries,  and  is 
characteristic  of  senile  gangrene  and  of  Raynaud's  disease.    The  part 
undergoes  a  gradual  deepening  of  colour  ;  at  first  merely  livid,  it  passes 
into  purple,  deep  blue,  and  even  black.    This  is  due  to  the  fact  tl^at 
the  blood-pigment  is  dissolved  out  and  stains  the  tissues,  which  deepen 
in  colour  as  the  pigment  becomes  concentrated  by  the  part  drying. 
The  cuticle  generally  gets  raised  by  the  accumulation  of  a  red  fluid 
beneath  it,  and  buUai  are  formed.    If  the  cuticle  separates,  evaporation 
is  accelerated.    The  part,  which  is  usually  the  extremity  of  the  lo'wer 
limb,  gradually  shrinks,  and  is  converted  into  a  hard  black  mass  (see 
Fig.  207),  often  with  a  mouldy  smell.    In  dry  gangrene  there  is  putrid 
decomposition,  but  as  there  is  a  deficiency  of  fluid  this  occurs  to  a 
subordinate  degree.  • 

b.  Moist  gangrene.   Sphacelus,  Sloughing. — In  the  condition^ 
designated  by  these  names,  putrid  decomposition  plays  a  prominent 
part,  and  the  tissues  are  separated  in  a  softened  condition.    Moist  ;or 
ordinary  gangrene  is  the  condition/where  a  considerable  portion  of  the 
body  has  died  and  is  undergoing  separation.    It  is  well  seen  in  cases 
where  a  portion  of  the  leg  has  died  in  consequence  of  injury.  The 
parts  which  were  at  first  hot,  red,  and  painful,  become  mottled  vnth 
brown,  blue,  and  black,  and  the  surface  often  presents  blisters.  The 
part  becomes  cold  and  darker  except  at  the  mai-gin,  where  a  dusky 
red  line  of  demarcating  inflammation  appears.     The  tissues  are  uni- 
versally stained  with  blood-pigment,  the   cuticle   gives  way,  and 
putrescence  advances,  causing  breaking  down  of  the  tissues,  which  are 
separated  in  all  stages  of  softening,  the  more  resistant  tissues  such  as 
bone  and  cartilage  retaining  their  form.    The  part  exhales  a  strong 
odour,  and  its  juices  contain  fluid  fat,  phosphates,  extractives,  as  well 
as  multitudes  of  microbes.    The  appearances  of  gangrene  supervening 
on  frost-bite  are  similar  (see  Fig.  208). 
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Sloughing  is  a  similar  process  where  smaller  parts  of  the  soft  tissue 
are  separated  in  a  state  of  putrid  decomposition. 

c.  Desiccation  without  putrescence.-This  is  somewhat  similar  to 
dry  gangrene,  except  that,  occurring  in  internal  parts,  there  is  no 


Fig.  207. — Dry  gangrene  of  the  foot.  Fig.  20S.— Gangrene  of  the  foot  following  frost-bite. 


decomposition.  The  part  simply  dries  in  and  shrivels.  The  most 
striking  example  of  this  is  afforded  by  extra-uterine  pregnancy,  in 
which  the  foetus  after  its  death  is  retained  in  the  abdomen  of  the 
mother.  The  foetus  may  remain  for  many  years,  simply  drying  in  and 
getting  encased  in  a  capsule,  which  becomes  impregnated  with  lime 
salts.  Virchow  in  a  case  of  this  kind  found  muscle,  connective  tissue, 
and  vessels  still  recognizable  after  twenty  years.  In  twin  pregnancies 
also,  one  of  the  foetuses  may  die  at  an  early  period,  but,  being  retained, 
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it  is  born  along  with  the  other  in  the  form  of  a  dry  flattened 
object  (Fatus  compressus). 

d.  Softening  without  putrescence,  Colliquefaction.— This  is  almost 
peculiar  to  necrosis  of  the  nervous  system  in  consequence  of  obstruc- 
tion of  arteries.    The  process  is  accompanied  by  fatty  degeneration.^ 

e.  Coagulation-necrosis. — This  term  was  introduced  by  Cohnheim, 
and  the  subject  has  been  elaborated  by  Weigert.  When  necrosis 
occurs  in  internal  parts  which  are  rich  in  cells,  then  the  tissue  fre- 
quently becomes  converted  into  a  solid,  firmly  compacted  mass. 
Weigert  compares  the  process  to  the  coagulation  of  the  blood,  and 
asserts  that   the  cells  in  dying  enter  into  combination  with  the 


Pig.  209. — Section  through  au  infarction  of  the  spleen.    The  pale  wedge-shaped 
infarction  contrasts  with  the  dark  splenic  tissue. 

fibrinogen  contained  in  the  fluid  which  permeates  the  tissue.  In 
order  that  this  process  may  occur  the  tissue  must  be  a  very  cellular 
one,  and  an  abundant  supply  of  fluid  must  be  present.  The  embolic 
infarction  in  the  spleen  and  kidney  forms  the  most  typical  example. 
The  infarction  forms  a  stiff,  firm  wedge  which  may  be  pale  or  may 
contain  blood  (see  Fig.  209).  The  process  is  characterized  by  the 
disappearance  of  the  nuclei  from  the  aflfected  structures. 

A  peculiar  change  which  occurs  in  voluntary  muscle  is  also  regarded 
by  Weigert  and  others  as  a  form  of  coagulation-necrosis.  This  is  the 
process  described  by  Zenker  as  waxy  degeneration  of  muscle,  which  is 
also  designated  colloid  and  hyaline  degeneration.  It  is  brought  about 
by  direct  injury  to  the  living  muscle.  It  also  occurs  in  certain  febrile 
states  where  the  temperature  runs  high,  especially  in  typhoid  fever 
and  phthisis  pulmonalis,  and  is  sometimes  seen  in  paralyzed  muscles. 
It  may  be  produced  artificially  in  a  living  animal  by  freezing  the 
muscle,  or  immediately  after  death,  by  injuring  the  muscle  before 
the  occurrence  of  post-mortem  rigidity.  The  change  is  met  with,  in  the 
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human  subject,  chiefly  in  the  diaphragm,  the  rectus  abdominis,  and 
the  adductors  of  the  arms.  In  consists  in  a  coagulation  of  the  con- 
tractile substance,  the  fibre  being  converted  into  a  homogeneous 
translucent  cylinder.  The  affected  fibres  are  brittle,  and  the  cylinders 
get  broken  up,  often  presenting  transverse  cleavages,  or  giving  origin 
to  oval  clumps,  as  in  Fig.  210. 

In  atheroma  of  arteries  there  are  often  translucent  structureless 
pieces  in  the  walls,  which  Weigert  also  claims  as  examples  of 
coagulation-necrosis.  Similarly  some  tube-casts  in  the  kidney  are 
supposed  to  originate  by  necrosis  and  coagulation  of  the  epithelium. 


<Sl> 


Fig.  210. — Hyaline  degeneration  of  muscle,    x  200. 

Hyaline  degeneration,  as  used  by  Recklinghausen,  to  a  large  extent 
covers  the  same  ground  as  the  coagulation-necrosis  of  Cohnheim  and 
Weigert.    (See  further  on.) 

/.  Caseous  necrosis. — This  is  a  condition  closely  allied  to  coagula- 
tion-necrosis. In  the  latter  the  necrosis  occurs  for  the  most  part 
suddenly  in  structures  hitherto  unaltered,  whereas  caseous  necrosis  is 
always  part  of  another  pathological  process.  It  is  highly  characteristic 
of  tuberculosis,  so  much  so  that  the  term  is  nearly  equivalent  to  the 
older  designation  tuberculization,  and  caseous  matter  is  virtually  the 
same  as  crude  or  yellow  tubercle.  It  is  also  frequent  in  syphilitic 
new-formations.  In  all  cases  there  is  a  great  abundance  of  cells,  M'hich 
are  not  the  normal  cells,  but  are  produced  by  exudation  or  new- 
formation.  The  necrosed  tissue  undergoes  a  process  of  condensation 
or  coagulation,  accompanied  by  fatty  degeneration,  the  result  being  a 
somewhat  dense  brittle  matter,  which  has  been  compared  to  cheese. 

In  its  microscopic  details  the  process  involves  a  complete  obscuration 
of  structure.  The  nuclei  disappear  as  in  coagulation-necrosis,  and  the 
presence  of  abundant  fine  fat  granules  renders  the  structure  very 
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opaque  and  homogeneous.  As  the  necrosis  involves  not  only  the 
new-formed  cells,  but  the  tissue  in  which  they  are  seated,  the  result 
is  a  disappearance  of  the  details  of  the  tissue,  sometimes  to  such  an 
extent  as  to  render  the  structure  difficult  of  identification. 

g.  Molecular  necrosis.— This  term  is  used  chiefly  in  regard  to 
lesions  of  a  surface  in  which  there  is  a  gradual  extension  of  necrosis, 
and  the  dead  structures  are  removed  in  a  finely  disintegrated  condi- 
tion wthout  solid  sloughing.  The  result  of  this  is  the  formation  of 
an  ulcer,  and  as  there  is  a  gradual  extension  of  the  necrosis  there  is 
usually  a  progressive  Ulceration.  The  process  is  usually  the  result 
of  infective  agents.  Thus  tuberculosis  of  a  mucous  surface  produces 
a  progressive  ulceration  by  necrosis  of  the  tissue  and  gradual  removal 
of  the  dead  tissue.  The  necrosis  here,  as  mentioned  above,  is  caseous 
necrosis. 

h.  Fat  necrosis. — Opaque  whitish-yellow,  sometimes  calcified,  patches 
are  frequently  met  with  in  the  adipose  tissue  of  the  abdomen  in  the 
vicinity  of,  and  in  association  with,  certain  diseases  of  the  pancreas. 
(See  Pancreas.)  In  the  affected  parts  the  fat  is  represented  by  fine 
crystalline  aggregations  or  by  granular  detritus.  The  condition  has 
given  rise  to  much  discussion,  but  is  by  most  observers  regarded  as 
due  to  the  escape  of  the  fat-splitting  ferment  of  the  pancreas  and  the 
union  of  the  resulting  fatty  acids  with  lime  salts.  It  can  readily  be 
induced  experimentally. 

3.  The  issues  of  necrosis. — In  many  cases  the  necrosis  limits  itself 
at  once,  the  agent  which  produced  it  having  acted  once  for  all.  It 
only  remains  to  dispose  of  the  dead  structures.  In  other  cases  the 
limitation  does  not  take  place  so  directly,  and  the  formation  of  a 
line  of  demarcation  is  anxiously  looked  for.  This  is  frequently  the 
case  in  traumatic  necrosis  where  it  may  for  some  time  be  doubtful 
to  what  extent  the  tissues  have  been  injured  beyond  recovery.  The 
co-existence  of  inflammation,  especially  when  this  is  associated  with 
decomposition,  often  renders  the  limitation  of  the  necrosis  more 
difficult.  In  infective  processes  also,  such  as  tuberculosis,  the  necrosis 
follows  the  advance  of  the  lesion.  Again  in  senile  gangrene,  where 
the  arteries  are  seriously  obstructed,  the  starting  point  of  the  necrosis 
may  be  a  trivial  injury,  and  its  progressive  extension  may  go  on 
without  any  signs  of  limitation  for  a  considerable  time. 

In  the  disposal  of  the  dead  tissue  inflammation  plays  a  most 
important  part.  We  have  seen  that  violent  inflammation  is  often 
produced  by  the  same  cause  as  the  necrosis,  or  may  supervene  on  it. 
This  will  mostly  be  the  case  in  external  parts  where  decomposition 
occurs.    The  inflammation  is  characterized  by  hyperemia  and  exuda- 
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tion,  and  commonly  goes  on  to  suppuration.  A  layer  of  pus  comes 
thus  to  divide  the  dead  tissue  from  the  living,  and  the  dead  is  cast 
off  as  a  slough.    There  remains  a  suppurating  wound  or  ulcer. 

In  internal  parts,  if  the  necrosis  be  accompanied  or  followed  by  the 
production  of  irritating  chemical  substances,  then  a  violent  inflamma- 
tion will  be  produced  around.  It  is  so  in  the  case  of  pyaemia,  where 
there  is  septic  embolism.  In  this  case  the  inflammation  mil  usually 
be  violent  enough  to  produce  suppuration,  and  the  result  will  be  the 
formation  of  an  abscess. 

In  the  case  of  internal  parts  where  there  is  ilo  disturbing  decom- 
position, or  in  external  parts  which  are  protected  from  septic  contami- 
nation, the  inflammation  is  of  a  much  milder  character.  The  necrosed 
portion  now  comes  to  act  as  a  foreign  body  or  dead  piece  of  tissue; 
and  is  subject  to  the  changes  already  described.  The  dead  tissue 
is  often  eaten  into  and  replaced  by  vascular  granulations,  which 
finally  contract  and  leave  a  small  residue  of  connective  tissue ;  or  the 
dead  piece  is  encapsuled  and  may  lie  quiescent.  Not  infrequently  the 
encapsuled  tissue  undergoes  infiltration  with  lime  salts,  as  we  shall  see 
presently.  In  the  case  of  necrosis  in  bone  the  external  capsule  is 
frequently  composed  of  new-formed  bone. 

Literature. — Cabswell,  Elementary  forms  of  disease,  Art.  Mortification,  1834; 
ViRCHOw,  Handb.  d.  spec.  Path.,  vol.  i. ;  Paget,  Lect.  on  sm-g.  path.,  p.  340; 
CoHNHEiM,  Allg.  Path.,  vol.  i.,  p.  526,  and  Die  embol.  Proe. ;  Eecklinghausen, 
Allg.  Path.;  LiTTEN,  Zeitsch.  f.  klin.  Med.,  vol.  i. ;  Koch,  Traumatic  infective 
diseases  (Syd.  Soc.  transl.) ;  Buedon  Sandeeson,  Path.  Trans.,  xxiii.,  Brit.  Med. 
Jour,,  1877  ;  Weigeet,  Coagulation-necrosis,  Virch.  ArCh.,  lxxix.,p.  89  ;  Chauveau, 
Nekrobiose  et  Gangrene,  Bullet,  de  I'Acad.  de  M6d.,  1873;  Fitz,  Fat  necrosis,  in 
Allbutt's  Syst.  of  Med.,  iv.,  1897;  Opie  (with  literature),  Johns  Hopkins  Hosp. 
Keports,  ix.,  p.  859. 

II.— SIMPLE  ATROPHY. 

By  this  term  is  meant  a  simple  diminution  in  the  nutritive  activity 
of  the  structures,  and  a  consequent  diminution  in  size  without  further 
change.  Strictly  speaking,  we  should  distinguish  from  this  a  small- 
ness  due  to  defective  growth,  to  which  the  terms  Hypoplasia  and 
Aplasia  are  applied.  But  atrophy  is  frequently  used  so  as  to  include 
both  conditions. 

Physiological  atrophy. — There  are  certain  normal  processes  of  decay 
which  occur  in  the  body.  At  certain  periods,  for  instance,  the  milk 
teeth  drop  out,  and  this  is  effected  by  an  atrophy  of  the  fang  so 
that  the  crown  is  shed.  At  a  still  earlier  period  the  thymus  gland 
atrophies.    Then  again  throughout  life  there  is  a  continual  shedding 
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of  the  hair.  If  a  cast-oflF  hair  from  the  eyelash  be  examined  under 
the  microscope,  it  will  be  seen  that  its  bulb  is  atrophied,  and  this  is 
the  cause  of  its  being  shed.  In  some  persons  the  hair  of  the  scalp 
is  largely  shed  at  a  comparatively  early  age,  without  being  properly 
reproduced,  there  being  here  an  atrophy  of  the  hair-sheaths  and 
papillae.  Then  there  is  the  normal  atrophy  of  the  tissues  generally, 
which  occurs  in  old  age.  The  atrophy  of  old  people  is  in  many  cases 
due  to  some  organic  disease,  the  symptoms  of  which  are  not  manifest ; 
but  we  are  all  familiar  with  the  healthy  old  person  with  shrivelled 
hands  and  face  and  plicated  skin. 

In  all  these  cases  there  is  a  kind  of  intention  in  the  tissues,  so  to 
speak,  according  to  which  they  live  a  certain  period  and  then  decay. 
As  Paget  has  pointed  out,  such  atrophies  may  almost  be  regarded  as 
active  processes.  The  fall  of  the  leaf  is  due  to  an  active  absorption 
or  atrophy  of  the  fibres  uniting  it  to  the  stem ;  if  the  leaf  dies  before 
its  time,  or  is  killed,  it  remains  hanging,  but  in  the  natural  course 
it  drops  when  its  time  is  come.  So  with  our  tissues  and  the  whole 
organism ;  there  is  a  limit  to  their  activity.  The  period  varies  in 
different  persons,  and  in  this  respect  hereditary  influences  have  an 
important  bearing.  Just  as  these  largely  determine  the  period  of 
growth  of  the  body  and  its  rapidity,  so  they  influence  the  duration 
of  activity  of  the  tissues.  This  is  plainly  seen  in  the  case  of  the  hair ; 
baldness  runs  in  families,  just  as  longevity  does. 

Causation  and  Forms  of  atrophy. — Atrophy  in  many  cases  depends 
on  some  interference  with  the  supply  or  alteration  in  the  quality  of 
the  nutritious  material  supplied  to  the  tissues.  It  is  also  related 
frequently  to  diminution  in  the  function  of  the  parts,  while  in  some 
cases  it  depends  more  directly  on  interference  with  the  nervous 
arrangements. 

General  emaciation  indicates  that  the  tissues  generally  have  been 
affected  in  such  a  way  that  their  nutrition  is  diminished.  This 
will  occur  as  the  result  of  an  alteration  in  the  blood.  The  blood, 
being  the  vehicle  for  the  conveyance  of  nutriment  to  the  tissues, 
may  be  impoverished  because  of  a  direct  interference  with  the  food- 
supply,  as  in  starvation,  in  stricture  of  the  oesophagus,  excessive 
vomiting,  diari-hoea,  etc. ;  or  there  may  be  an  excessive  consumption 
of  the  nutritious  material,  in  cases  of  excessive  discharges,  as  in 
phthisis  pulmonalis,  or  ulcerating  cancers;  or  there  may  be,  as  in 
fevers,  an  increased  consumption  of  the  nitrogenous  elements  of  the 
tissues. 

In  general  emaciation  the  various  constituents  of  the  tissues  do  not 
atrophy  m  an  equal  degree.    According  to  experiments  by  Chossat,  in 
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which  animals  were  deprived  of  food,  the  fat  and  blood,  diminished 
most,  next  to  them  came  the  muscles  and  the  abdominal  glands,  while 
the  bones  and  central  nervous  system  diminished  least. 

Senile  atrophy  is  closely  related  to  the  physiological  atrophies 
already  mentioned.  The  atrophy  of  some  tissues  in  old  age  renders 
them  more  liable  to  pathological  processes.  Thus  the  bones,  being 
diminished  in  size,  and  having  proportionately  less  animal  matrix,  are 
more  liable  to  fracture ;  and  the  lungs,  having  lost  their  supporting 
tissue,  are  more  liable  to  emphysema  (senile  emphysema).  "Brown 
atrophy  "  of  the  heart  is  seen  in  the  aged  as  well  as  in  the  subjects 
of  chronic  diseases.  (See  under  Heart.)  The  brain  also  undergoes 
atrophy  in  old  people,  and  the  kidneys  frequently  do  so. 

Atrophy  from  disuse  manifests  itself  chiefly  in  the  muscles  and 
glands.  AVhen  a  joint  is  disused  from  being  rendered  rigid  by  disease 
or  from  paralysis,  the  muscles  undergo  atrophy,  and  even  the  bones 
diminish  if  the  condition  be  prolonged. 

Atrophy  from  pressure  is  exemplified  in  the  atrophy  which  occurs 
as  a  consequence  of  the  advance  of  tumours  and  aneurysms,  or  external 
pressure  from  stays,  etc.  In  the  last-mentioned  case  the  liver  fre- 
quently suffers  considerable  atrophy.  Atrophy  is  also  not  uncommon 
in  organs  which  are  the  seat  of  interstitial  inflammation,  the  new- 
formed  connective  tissue  causing  atrophy  by  its  direct  pressure  on  the 
proper  tissue,  or  by  obstructing  the  blood-vessels. 

Atrophy  from  nervous  lesions. — This  is  a  somewhat  wide  subject, 
and  will  be  more  fully  considered  in  the  special  part  of  this  work.  In 
ordinary  motor  paralysis  there  is  atrophy  from  disuse.  But  there  are 
atrophies  of  a  more  active  kind  following  lesions  of  nerves  and  of  the 
spinal  cord  which  are  referred  to  interference  Avith  the  trophic  nerves 
or  centres.  These  include  atrophy  of  the  nerve-fibres  and  of  the 
muscles.  According  to  Charcot  a  muscle  or  nerve  atrophies  when  cut 
off  from  its  trophic  centre,  and  this  may  be  effected  by  interruption  of 
the  conductivity  of  nerve-fibres,  or  by  destruction  of  the  centre.  The 
atrophy  of  the  muscles  in  lead-palsy  belongs  to  this  class. 

Hemiatrophy  of  the  face  belongs  to  the  class  of  neurotic  atrophies. 
It  affects  the  soft  parts  of  one  half  of  the  face  and  of  the  tongue, 
while  the  bones  are  not  affected  unless  the  disease  has  occurred  in 
early  life,  and  even  then  the  bones  are  unequally  affected.  The  lesion 
is  probably  due  to  interference  with  the  nerves,  perhaps  in  their 
passage  through  the  cranium  or  at  their  ganglia.  A  hemiatrophy  of 
the  body  sometimes  occurs  from  cerebral  lesions  in  the  foetus  or  young 
child.  This  may  be  in  the  form  of  a  crossed  hemiatrophy,  the  face 
and  extremities  being  affected  on  opposite  sides. 


ALBUMINOUS  INFILTKATION— CLOUDY  SWELLING. 


In  the  various  forms  of  atrophy,  with  the  exception  of  general 
emaciation,  the  proper  functionating  tissue  is  that  which  chiefiy  suffers 
diminution.  Thus  in  muscles  it  is  the  contractile  substance,  m  glands 
the  secreting  cells,  in  nerves  the  nerve-fibres,  which  are  specially 
affected.  The  atrophy  of  the  proper  tissue  is  often  accompanied  by 
new-formation  in  the  accessory  structures.  Thus,  atrophy  of  muscle 
is  often  associated  with  increase  of  the  interstitial  connective  tissue. 
This  connective  tissue  frequently  becomes  the  seat  of  fatty  infiltration, 
so  that  adipose  tissue  largely  replaces  the  muscle,  bringing  about  a 
pseudo-hypertrophy.  (See  under  Hypertrophy  and  Fatty  Infiltration.) 
A  similar  process  frequently  occurs  in  and  around  disused  glands. 

Literature.— Paget,  Surgical  Path.,  3id  ed.,  p.  69;  Eecklinghadsen  (Neurotic 
atrophy),  Allg.  Path.,  p.  326  ;  Charcot,  Senile  diseases  (Syd.  Soc.  trans.),  1877,  Dis. 
of  nerv.  syst.  (Syd.  Soc.  trans.),  1881  ;  Chossat,  Eech.  exp.  sur  I'inanition,  1843  ; 
MiiHLMANN  (literature),  Changes  in  the  body  in  development  and  senility,  Wies- 
baden, 1900. 


III.— ALBUMINOUS  INFILTRATION— CLOUDY  SWELLING. 

The  condition  designated  by  these  terms  was  first  described  by 
Virchow,  and  regarded  by  him  as  characteristic  of  Parenchymatous 
inflammation. 

It  is  possible  to  distinguish  a  local  from  a  general  cloudy  swelling. 
The  local  form  occurs  in  parenchymatous  inflammation,  more  espe- 
cially of  the  kidneys,  and  is  sometimes  the  most  pronounced  evidence 
obtainable  post  mortem  of  the  existence  of  that  condition.  The 
general  form  occurs  in  most  febrile  diseases  and  is  very  characteristic 
of  some.  It  is  met  with  in  the  specific  fevers,  in  erysipelas,  diphtheria, 
acute  phthisis  pulmonalis,  etc.,  and  seems  to  be  related  in  these  cases 
to  the  high  temperature  and  the  altered  state  of  the  blood.  It  also 
occurs  as  one  of  the  results  in  certain  cases  of  acute  poisoning.  In 
the  general  form  the  lesion  is  diffused  through  various  organs,  but 
affects  especially  the  liver  (Fig.  211),  kidneys  (Figs.  212  and  213), 
heart,  and  voluntary  muscles. 

In  these  various  cases  the  condition  seems  to  be  due  to  an  irritation 
of  the  cells,  which  are  induced  to  absorb  more  albumen  than  they 
can  assimilate.  The  cells  are  enlarged,  and  they  are  clouded  with 
albuminous  granules,  which  obscure  the  nuclei.  The  condition  implies 
a  qualitative  defect  in  the  cells,  although  quantitatively  there  is 
excess.  The  defect  is  further  shown  by  the  co-existence  of  a  minor 
degree  of  fatty  degeneration  (see  Fig.  213).  The  fine  fat  granules 
may  be  obscured  by  the  albuminous  granules,  but  if  the  albumen 
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be  dissolved  by  adding  liquor  potassse,  or  a  dilute  mineral  acid,  the 
fat  comes  out  very  prominently. 


Fig.  211. — Cloudy  swelling  of  the  liver.    From  a  case  of  acute  imeumonia.    x  500. 
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Fig.  212. — Cloudy  swelling  of  the  kidney.    From  a  case  of  typhoid  fovor.    x  200. 


The  organs  aifected  have,  to  the  naked  eye,  a  characteristic  appear- 
ance.   They  are  enlarged,  sometimes  to  a  high  degree,  and  have,  on 
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section,  a  bulky  appearance,  while  the  tissue  has  a  grey,  opaque,  dull 
or  blurred  character.  In  acute  fevers  the  enlargement  of  the  liver 
and  kidneys  is  sometimes  very  great. 


Pig.  213. — Cloudy  sweUing  of  renal  epithelium  with  slight  fatty  degeneration  as 
seen  in  the  fresh  state.  A  portion  of  a  tubule  is  shown,  and  some  isolated  cells. 
X  350. 

Literature. — Viechow,  Cellular  Pathology,  transl.  by  Chance,  also  various  papers 
in  his  Archiv. ;  Benabio,  Die  Lehre  v.d.  triiben  Schwellung,  Wurzburg,  1891 ; 
Verwoen,  Pfliiger's  Arch.,  63,  1896. 


IV.  -FATTY  DEGENERATION. 

In  this  condition,  which  affects  the  cells  of  tissues,  there  is  a  change 
in  the  chemical  composition  of  the  cell-contents ;  the  albuminous  con- 
stituents split  up  and  yield  fat. 

Causation. — Fat  may  be  formed  in  the  animal  body  either  from  the 
carbo-hydrates  or  albuminous  substances  of  the  food.  In  the  case  of 
fatty  degeneration  the  fat  is  derived  from  the  albuminous  constituents 
of  the  tissues.  This  implies  that  these  constituents  break  up,  yielding 
their  nitrogen  in  some  lower  form  of  combination  which  is  usually 
carried  off  leaving  the  fat  in  the  tissue.  In  accordance  with  this 
we  find  that,  where  general  and  extensive  fatty  degeneration  occurs, 
there  is  simultaneously  an  excess  of  urea  or  other  extractives  in  the 
unne.  The  splitting  up  of  the  albuminous  constituents  of  cells  implies 
a  most  serious  alteration  in  their  chemical  constitution.  In  all  such 
cases  therefore,  it  is  to  be  inferred  that  the  vitality  of  the  cells  is 
greatly  reduced,  and  in  some  cases  the  condition  approaches  to,  or  is 
associated  with,  necrosis. 

duI^lfwr^/°™'^  ^'^^^  carbo-hydrates  is  shown  by  the  fact  that  bees  pro- 
wax  When  fed  on  honey  alone,  this  being  a  solution  of  sugar  (Gundlach).  The 
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formation  of  fat  from  nitrogenous  substances  is  proved  by  various  facts.  Thus  the 
tissues  of  the  body,  including  the  nitrogenous  constituents,  are  sometimes  changed 
after  death  into  Adipocere,  a  peculiar  waxy  substance,  composed  of  fatty  acids 
combined  with  ammonia  and  lime  instead  of  with  glycerine,  and  therefore  more 
strictly  a  soap  than  a  fat.  This  substance  is  occasionally  found  in  graves,  and  it  has 
been  produced  by  leaving  the  dead  body  in  running  water  for  a  time.  Again,  it  has 
been  shown  that,  in  lactating  animals  fed  with  animal  food  carefully  deprived  of 
fat,  the  milk  is  even  more  abundant  and  rich  in  fat  than  in  animals  fed  on  diet 
containing  much  fat.  Again,  fresh  milk  becomes  richer  in  fat  and  poorer  in  caseine 
(which  is  nitrogenous)  during  the  first  day  after  its  withdrawal  from  the  mammaj 
(Hoppe-Seyler). 

The  most  conclusive  proof  that  albuminous  tissues  yield  fat  is  afforded  by  the 
effects  of  poisoning  by  phosphorus.  When  a  dog  has  been  deprived  of  food  till  all 
its  spare  fat  has  been  exhausted  and  the  nitrogen  in  the  urine  has  reached  a  con- 
stant minimum  of  8  grammes  in  the  twenty-four  hours,  the  administration  of  small 
doses  of  phosphorus  causes  a  marked  increase  of  the  nitrogen,  which  may  reach 
nearly  24  grammes.  This  is  coincident  with  a  very  large  increase  of  fat  in  the 
tissues  of  many  internal  organs. 

The  causes  of  fatty  degeneration  may  be  divided  into  those  which, 
depending  on  some  morbid  condition  of  the  blood,  act  on  many  organs, 
and  those  which  have  simply  a  local  influence.  We  may  therefore 
speak  of  a  general  and  local  fatty  degeneration. 

General  fatty  degeneration  is  produced  by  certain  poisons,  pre- 
eminently by  phosphorus,  but  also  by  arsenic,  antimony,  iodoform, 
chloroform,  and  others.  It  occurs  also  in  some  general  diseases  in 
which  the  blood  is  greatly  altered,  in  acute  yellow  atrophy  of  the 
liver,  in  some  fevers,  in  pernicious  anaemia,  and  in  some  other  forms  of 
anaemia.  It  has  been  produced  artificially  by  confining  animals  in  an 
over-heated  space  for  thirty-six  hours  (Cohnheim).  In  these  cases  the 
altered  blood  has  acted  on  the  cells  of  the  tissues  and  caused  them  to 
alter  their  chemical  constitution.  The  change  occurs  mostly  in  the 
parenchyma  of  organs,  as  in  the  hepatic  cells  (Fig.  214),  the  renal 
epithelium,  and  striated  muscular  tissue,  especially  that  of  the  heart, 
but  it  is  also  seen  in  some  cases  in  other  structures,  such  as  the 
intima  of  arteries. 

Local  fatty  degeneration  is  frequently  the  result  of  deprivation 
of  blood,  as  where  an  artery  is  occluded.  In  the  brain,  occlusion 
of  arteries  is  followed  by  softening  of  the  cerebral  tissue — a  species  of 
necrosis — but  this  is  associated  with  the  appearance  of  cells  filled  with 
finely-divided  fat  (the  so-called  compound  granular  corpuscles  of  Gluge). 
It  is  true  that  the  fat  here  may  be  partly  derived  from  the  myeline  of 
the  nerve-fibres,  but  these  fat-filled  cells  are  not  confined  to  the  white 
substance,  which  alone  contains  myeline.  They  are  present  also  hi  the 
grey  substance  where  there  is  no  myeline,  and  fat  is  also  visible  in  the 
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walls  of  the  blood-vessels  (as  in  Fig.  215).  Inflammation  is  a  frequent 
cause  of  local  fatty  degeneration,  especially  in  certain  parenchymatous 


Fig.  214. — Fatty  degenei-atlon  of  liver.  Osmic  acid.  The  fat  granules  are  present 
in  the  central  part  of  the  lobule,    x  50. 


Pig.  215.-Patty  degeneration  in  the  cerebral  vessels  in  softening  of  the  brain.  (Paokt.) 

organs,  where  the  cloudy  swelling  often  goes  on  to  fatty  degeneration 
(see  J^ig.  213).     In  quickly  growing  tumours,  and  even  in  slowly 
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advancing  cancers,  the  cells  frequently  undergo  fatty  degeneration. 
Lastly,  nerve-fibres  which  have  been  divided  show  not  only  atrophy, 
but  also  fatty  degeneration. 

Some  authors  have  endeavoured  to  account  for  fatty  degeneration  on  the 
supposition  that  it  is  due  to  a  deficiency  of  oxygen.  It  is  said  that  in  general 
fatty  degeneration  the  blood  is  deficient  in  oxygen,  and  in  the  local  form  the 
tissues  are  deprived  of  oxygen.  In  the  former  case,  however,  there  is  usually 
an  obvious  alteration  of  the  blood  apart  from  simple  anjemia,  while  in  many 
local  fatty  degenerations  there  is  no  deprivation  of  oxygen,  as  in  inflammations, 
in  tumours,  and  after  section  of  nerves. 

Characters  of  the  lesion. — The  degeneration  occurs  mainly  in  the 
cells  of  the  tissues.  The  fat,  arising  as  it  does  by  the  chemical  decom- 
position of  the  protoplasm  of  the  cell,  appears  in  the  form  of  fine  drops 
or  granules,  which  are  strongly  refracting  (see  Figs.  215,  216,  217). 
These  granules  are  separated  from  each  other  by  the  remains  of  the 
cell  contents  and  are  therefore  isolated.    It  may  happen  in  this  way 


Pig.  21(5. — Patty  degeneration  iu  an  athero- 
matous aorta.  The  shapes  of  the  cells  brought 
out  by  the  fat ;  a,  from  internal  coat ;  6,  muscle 
cells  from  middle  coat,    x  350. 


Fig.  217. — Patty  degeneration  of  cells  In  a 
cancer  of  the  mamma ;  a,  slightly  affected ; 
6,  more  so;  c,  completely  fatty — the  com- 
pound gi-anular  corpuscle,    x  350. 


that,  as  in  Fig.  216,  a  fatty  degeneration  occurring  in  a  structui-e  may 
render  its  constituent  cells  unusually  distinct,  their  form  being  brought 
prominently  out  by  the  fat  in  them.  As  time  goes  on,  the  fat  granules 
increase  till  the  whole  cell  is  filled  with  fine  refracting  oil  drops,  which 
remain  isolated  (see  Fig.  217),  each  being  surrounded  by  an  albuminous 
envelope.  The  process  is,  in  fact,  very  much  like  that  which  occurs 
in  the  cells  of  the  mammary  gland  during  the  secretion  of  milk,  the 
colostrum  cells,  which  are  often  described  as  compound  granular 
corpuscles,  being  like  the  fully  degenerated  cells. 

When  finely-divided  fat  suspended  in  a  fluid  is  present  in  the  living 
tissues,  it  is  very  readily  absorbed.    We  know  how  readily  the  emul- 
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sified  fat  in  the  alimentary  canal  is  taken  up  by  the  epithelium, 
and  passed  on  into  the  laoteals.  When  milk  is  injected  into  the 
abdominal  cavity  of  a  living  animal,  or  even  laid  on  the  surface  of  the 
diaphragm  after  death,  it  very  quickly  passes  into  the  lymphatics.  In 
the  case  of  fatty  degeneration  of  cells,  if  fluid  be  present,  the  cells 
disintegrate,  an  emulsion  is  formed,  and  absorption  occurs  just  as  m 
the  case  of  milk. 

But  sometimes  the  fatty  degeneration  occurs  in  connection  with 
structures  not  adapted  to  absorption,  as  in  hydrocele,  where  the 
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Fig.  218.— Crystals  of  cholestearine  ;  a,  largo  ones  from  an  old  hydi-ocele  ;  b,  from 
stiignant  bile  in  gall  bladder,    x  350. 

tendency  is  rather  to  transudation,  or  as  in  certain  ovarian  tumours. 
Ill  that  case,  the  fat  undergoes  further  changes,  resulting  usually  in 
the  production  of  crystals  of  cholestearine  (Fig.  218)  or  margarine. 

Cholestearine,  which  is  an  alcohol,  occurs  as  a  normal  constituent  of  the 
central  nervous  tissue  and  of  bile,  in  which  latter  it  is  dissolved.  Its  crystals  are 
rhombic  tables  whose  angles  measure  79°  30'  and  100°  70'.  On  adding  strong 
sulphuric  acid  carefully  to  a  crystal  of  cholestearine,  the  crystal  appears  to  melt 
from  the  edge  inwards,  and  take  on  a  fatty  appearance,  and  by  and  by  it  gathers 
into  a  brown  drop.  On  adding  iodine  and  sulphuric  acid  to  a  crystal,  there  is 
at  first  a  beautiful  display  of  colours.  Margaxine  occurs  in  the  form  of  radiating 
needles  such  as  one  frequently  sees  inside  the  fat  cells  in  adipose  tissue. 

Local  fatty  degeneration  is  not  infrequently  followed  by  Calcareous 
infiltration,  where,  from  deficiency  of  fluid  or  otherwise,  the  fat  is 
not  absorbed. 
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We  have  already  seen  that  in  Caseation  fatty  degeneration  is 
associated  with  necrosis. 


v.— FATTY  INFILTRATION. 

By  this  term  is  meant  the  infiltration  of  free  fat  into  the  tissues. 
This  condition  is  only  in  a  restricted  sense  pathological,  especially 
when  it  is  general.  It  is  necessary  to  distinguish  fatty  infiltration 
of  the  liver  from  other  forms. 

1.  Fatty  infiltration  in  connective  tissue. — Adipose  tissue  is  a 
form  of  connective  tissue,  and  is,  to  a  considerable  extent,  inter- 
changeable with  loose  connective  tissue.  Adipose  tissue  is  formed 
by  the  infiltration  of  fat  into  connective  tissue  cells,  where  it  is 
laid  down  in  store,  and  this  store  fat  may  at  different  times  be 
variously  abundant.  ' 


Pig.  219.— Fatty  infiltration  of  muscle.     Pseudo-hj'portropliic  paralysis.  The 
muscialar  fibres  are  narrowed  and  adipose  tissue  appears  between  them. 

In  Obesity  an  excess  of  fat  is  present  in  the  body,  and  the  fat  is 
laid  down  in  store  chiefly  in  the  subcutaneous  connective  tissue  and 
the  omentum,  but  also  in  other  situations  where  loose  connective  tissue 
is  present. 

Around  or  in  disused  or  atrophied  organs  it  is  common  to  find 
a  fatty  infiltration.  A  most  typical  example  of  this  is  aff^orded  by 
muscles  which  have  become  fixed  at  their  ends  by  the  stiftening  of 
joints.  The  muscle  can  no  longer  produce  any  movement,  and  its 
fibres  gradually  atrophy  as  we  have  already  seen.  At  the  same 
time  in  the  connective  tissue  around  the  muscle  and  in  that  which 
supports  it,  there  is  a  great  infiltration  of  fat,  so  that  adipose  tissue 
appears  between  and  around  the  fibres.  Then,  again,  m  pseudo- 
hypertrophic paralysis-a  disease  chiefly  of  children-there  is  a  similar 
process     The  muscular  tissue  atrophies,  but  there  is  at  the  same 
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time  an  excessive  transformation  of  the  connective  tissue  into  adipose 
tissue,  so  that  the  wasting  of  the  muscle  is  more  than  counterbalanced 
by  the  excess  of  adipose  tissue,  and  there  is  thus  a  pseudo-hypertrophy 
(see  Fig.  219). 

A  similar  fatty  infiltration  occurs  in  the  heart  (Fig.  220),  and 
may  seriously  incommode  it  in  its  action  (see  further  on). 


Fig.  220.— Fatty  infiltration  of  heart  muscle.    Osmic  acid.    X  200. 

Fat  is  often  deposited  in  excessive  quantity  around  diseased  and 
useless  glands,  such  as  the  kidney,  pancreas,  etc.  In  the  contracted 
kidney  of  chronic  nephritis  there  is  often  an  excess  of  fat  at  the 
hilus,  which  may  make  the  kidney  appear  much  less  reduced  in  bulk 
than  it  really  is.  In  hydronephrosis  there  is  often  an  enormous  in- 
crease of  the  fat  which  normally  surrounds  the  kidney. 

2.  Fatty  infiltration  of  the  liver. — Fat  is  often  found  in  large 
quantities  in  the  liver  in  cases  where,  in  the  subcutaneous  tissue  or 
elsewhere,  there  is  an  actual  deficiency.  The  fat  in  the  liver  is 
in  the  peripheral  parts  of  the  lobules,  and  from  this  it  is  to  be  inferred 
that  it  has  been  brought  by  the  portal  blood,  and  that  it  is  a  store  fat 
(see  Fig.  221).  This  fatty  infiltration  occurs  most  frequently  in 
phthisis  pulmonalis. 

Its  accumulation  in  diseases  such  as  phthisis  may,  in  part,  be  accounted  for  by 
supposing  that  the  fat  which  is  normally  used  for  the  formation  of  the  fatty  acids 
and  the  cholestearine  of  the  bile  is  not  so  used,  and  is  therefore  stored  in  the 
hepatic  cells.    It  is  known  that  the  secretion  of  bile  is  greatly  diminished  in  such 
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cases,  and  that  the  bile  is  watery.  In  that  case  the  fatty  infiltration  here  would, 
like  that  in  muscle,  be  due  to  diminished  activity  of  the  organ.  Another  view,  and 
one  having  some  appearance  of  probability,  is  based  on  the  theory  that  one  of  the 


Fig.  221. — Fatty  infiltration  of  liver.    Osmic  acid.    The  granules  are  limited  to  the 
peripheral  parts  of  the  lobules,    x  50. 

functions  of  the  liver  is  to  prepare  fat  for  oxidation.  Naumann  (Eeichert  and  Du 
Bois  Eeymond's  Archiv,  1871,  p.  41)  has  shown  that  the  liver  fat  is  much  more 
oxidizable  than  ordinary  fat,  and  that  in  the  vertebrata  the  size  oiE  the  liver  is  in 

inverse  proportion  to  the  activity  of  the 
respiration,  being  largest  in  fishes  and 
smallest  in  birds.  It  is  therefore  suggested 
that  in  phthisis  and  cachectic  diseases  the 
liver  may  produce  an  excess  of  easily 
oxidizable  fat  and  store  it  up  ready  for 
use.  Hence,  perhaps,  the  utility  of  liver 
oils  in  cases  of  phthisis. 

We  have  seen  that  in  fatty 
degeneration  the  fat  appears  in  the 
form  of  fine  granules  or  drops,  and  that  as  these  increase  they  remain 
isolated.  In  fatty  infiltration  there  are,  of  course,  first  fine  fat  drops, 
but  as  more  fat  is  added  the  drops  grow  in  size.  In  the  case  of  the 
conversion  of  connective  tissue  into  adipose  tissue,  there  is  a  smgle  fat 


Pig.  222.— Fatty  infiltration  of  tho  liver  as 
seen  in  the  fresh  state.  Isolated  hepatic  cells 
with  drops  of  fat  of  various  sizes.     X  350. 
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drop  in  each  cell,  as  in  Fig.  220.  In  the  case  of  fatty  liver  the  fat  drops 
are  of  various  sizes  (see  Fig.  222),  but,  as  a  rule,  much  larger  than  in 
fatty  degeneration.  The  size  is  by  no  means  an  absolute  criterion,  but 
it  is  an  important  practical  indication.  It  is  only  in  the  liver  that 
there  can  be  much  difficulty  in  distinguishing  between  fatty  degenera- 
tion and  fatty  infiltration,  and  here  the  fact  that  in  the  latter  the  fat  is 
deposited  at  first  in  the  cells  at  the  peripheral  parts  of  the  lobules,  and 
continues  more  abundant  there,  is  sufficiently  distinctive.  There  is  one 
exception  to  this  in  the  case  of  the  fatty  liver  of  alcoholism.  Here  a 
fatty  infiltration  occurs  which  is  diffused  throughout  the  lobules. 


VI.— PATHOLOaiCAL  PIGMENTATION. 

The  pathological  variations  in  colour  in  the  tissues  come  under  a  con- 
siderable number  of  diflferent  categories. 

The  endeavour  has  been  frequently  made  to  refer  all  pigments  found  in  the  body 
to  the  blood-pigment,  but  this  relation  has  been  definitely  disproved  for  some  (as 
in  the  case  of  pigments  introduced  from  without),  and  rendered  doubtful  in  others. 
The  normal  pigments  in  the  body,  those  of  the  blood-corpuscles,  of  the  skin,  eye- 
ball, etc.,  arise  in  cells  and  are  formed  by  the  cells  elaborating  them  from  the 
nutrient  material  afforded  them.  It  is  an  assumption  to  suppose  that  the  pigment 
of  the  skin  is  derived  from  the  blood-pigment  and  not  elaborated  by  the  cells. 

1.  Alterations  of  physiological  pigmentation. — The  pigment  of  the 
skin  varies  much  in  different  persons  within  physiological  limits.  There 
is  an  absence  of  pigment  from  congenital  defect  (albinism),  and  a  con- 
genital excess  {negrism).  The  pigment  also  varies  in  the  same  person 
at  different  times ;  it  is  often  increased  by  exposure  to  the  sun,  by 
pregnancy  (chloasma),  etc.  A  peculiar  form  of  pigmentation  is  that  in 
Addison's  disease,  in  which  certain  parts  of  the  skin  assume  a  bronze 
colour.  The  excess  of  pigment  here  is  not  only  in  the  rete  Malpighii 
but  in  the  papillae  of  the  cutis  and  around  the  veins.  This  disease  is 
associated  with  tuberculosis  of  the  suprarenal  capsules,  but  the  con- 
nection of  the  local  disease  with  the  pigmentation  of  the  skin  is  not 
very  clear. 

2.  Pigmentation  by  hasmoglobin  and  its  derivatives.— The  pig- 
ment of  the  red  corpuscles  of  the  blood,  the  haBmoglobin,  is  an  unstable 
sub.stance,  and  readily  passes  into  other  forms.  Hiemoglobin  contains 
iron,  but  the  latter  is  in  the  so-called  "masked  "  condition,  i.e.  it  is  so 
mtunately  combined  that  it  does  not  give  the  usual  reactions  of  iron, 
^ch  as  that  with  ferrocyanide  of  potassium  and  hydrochloric  acid, 
iiiese  can  only  be  obtained  when  the  iron  is  in  the  "ion"  form,  as  it 
IS  m  solutions  of  inorganic  salts.    In  certain  pathological  conditions 

seems  to  occur,  but  the  steps  of  the  process  are  not  well  under- 
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Stood.  When  a  solution  of  haemoglobin  is  heated  to  boiling  it  breaks 
up  into  albumen  and  hsematin.  The  latter  by  further  decomposition,  as 
by  treatment  with  strong  sulphuric  acid,  yields  iron  in  an  inorganic 
iorm  and  an  iron-free  substance— hsematoporphyrin— which  is  isomeric 
with  bilirubin.  Something  like  this  seems  to  occur  in  blood  clots. 
From  blood  extravasations,  Virchow  obtained  a  crystalline  colouring 
matter  which  he  termed  hsematoidin— now  regarded  as  bilirubin  ;  and, 
later,  Neumann  described  a  substance- haBmosiderin— as  the  colouring 
matter  of  old  clots  and  thrombi,  which  he  affirmed  gave  the  ordinary 
reactions  for  iron.  It  is  difficult  to  reconcile  this  statement  of 
Neumann  with  our  present  views  of  chemical  reactions,  and  in  all 
probability  ha3mosiderin  is  not  a  pure  compound.  As  Kunkel  had 
previously  attributed  this  reaction  to  the  presence  of  ferric  hydrate, 
it  may  be  that  heemosiderin  is  a  mixture  of  this  substance  and 
hasmatoidin,  i.e.  bilirubin.  The  term,  however,  will  be  retained  for 
convenience.  Hsemin,  which  is  procurable  artificially  from  blood  (see 
Fig.  223),  is  the  hydrochloride  of  anhydrous  hgematin.  It  is  of 
importance  from  a  toxicological  point  of  view. 

In  haemorrhages  the  tissues  around  usually  become  stained,  and 
the  pigmentation,  with  various  alterations,  may  remain  for  years. 
There  are  two  different  ways  in  which  the  pigmentation  may  occur. 
In  the  first  case  the  haemoglobin  is  dissolved  out  of  the  red  corpuscles, 
and  the  coloured  solution  stains  the  tissues  around.  The  dissolved 
pigment  may  be  transformed  into  what  Neumann  called  haemosiderin, 
the  ferrocyanide  test  giving  a  general  blue  staining.  The  pigment  is 
then  liable  to  be  collected  in  cells,  where  it  may  assume  a  granular  form, 
or  as  hsematoidin  it  may  occur  either  as  granules  or  crystals. 

The  other  mode  of  pigmentation  in  heemorrhage  is  that  the  red 
corpuscles  are  taken  up  by  amoeboid  cells  and  their  pigment  undergoes 
transformation  inside  the  cells.  The  effused  blood  acting  as  an  irritant 
induces  inflammation  around,  and  the  usual  amcsboid  cells,  acting  as 
phagocytes,  take  up  the  red  corpuscles.  (See  Fig.  224.)  Many  of 
these  cells  pass  off  by  the  lymphatics,  but  some  may  remain  per- 
manently in  the  part.  The  red  corpuscles  inside  the  cells  shrink,  and 
their  pigment  goes  through  the  transformation  into  hsemosiderin  and 
hsematoidin. 

In  some  chronic  inflammations  there  is  a  pigmentation  which 
presumably  arises  in  a  similar  way  to  that  described  above,  the 
haemorrhage  being  by  diapedesis.  This  pigmentation  is  met  with 
chiefly  in  the  skin  and  the  intestine.  There  is  a  similar  pigmentation 
in  passive  hyperaemia,  due  to  hasmorrhage  by  diapedesis.  This  is  seen 
in  the  lungs,  where  we  have  the  condition  of  brown  induration,  and  in 
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the  liver  where  passive  hyperemia  is  usually  associated  with  pigmenta- 
tion of  the  hepatic  cells. 

Post-mortem  pigmentation  of  the  tissues  should  be  carefully  dis- 
tinguished. After  death  dissolution  of  red  corpuscles  occurs  as  a 
result  of  putrefactive  changes,  and  the  pigment  set  free  stains  the 
tissues,  more  particularly  the  walls  of  the  heart  and  vessels,  but,  by 
degrees,  other  structui'es  also. 


Fig.  223. — Crystals  of  hsemiu  prepared  artificially  by 
adding  glacial  acetic  acid  to  a  di-op  of  blood,  heating 
and  evaporating  to  dryness.     X  350. 


Fig.  224. — Cells  containing  blood-cor- 
puscles from  the  neighbourhood  of  a 
hsemorrhage  ;  a.  with  fresh  corpu.scles  ; 
6,  with  dark  granules  from  disintegra- 
tion of  red  corpuscles. 


Melanaemia,  as  we  have  seen  (page  232),  is  a  name  given  to  cases  in 
which  free  pigment  is  present  in  the  blood.  It  is  the  result  of  the 
destruction  of  the  red  corpuscles  by  the  parasites  of  malarial  fevers. 
The  pigment  is  in  the  form  of  granules  and  flakes,  and  being  deposited 
in  certain  organs  leads  to  a  coloration  of  tbem. 

We  frequently  meet  post-mortem  with  a  black  pigmentation,  more  particularly 
in  the  mucous  membrane  of  the  intestine,  but  also  in  other  of  the  organs  in  the 
abdomen.  This  is  partly  a  post-mortem  appearance,  but  it  owes  its  occurrence 
to  conditions  which  have  existed  during  life.  The  name  Pseudo-melanosis  has 
been  apphed  to  it.  Its  existence  implies  the  presence  of  hemosiderin,  and  the 
black  colour  is  due  to  the  action  of  sulphuretted  hydrogen  evolved  by  the  putrid 
decomposition,  on  the  iron  of  the  h.-emosiderin. 

3.  Icterus  or  Jaundice  is  a  condition  in  which  the  blood  contains 
a  yellow  pigment  which  stains  the  tissues  of  the  body  generally. 
The  pigment  is  usually  that  of  bile,  namely,  bilirubin.  This  substance 
IS  elaborated  by  the  hepatic  cells  and  secreted  as  a  constituent  of 
the  bile.  When  the  exit  of  the  bile  is  hindered  by  obstruction  of 
tne  ducts  the  pigment  is  re-absorbed  and  passes  into  the  blood, 
icterus  which  is  thus  due  to  the  bile  pigment  is  called  Hepatogen- 
ous, that  is,  derived  from  the  liver 
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V\  e  have  already  seen  that  ha^matoidin  is  of  similar  constitution 
to  bilirubin,  and  we  may  presumably  have  icterus  from  the  forma- 
tion of  this  pigment  in  the  blood  by  destruction  of  the  red  corpuscles 
independently  of  the  bile.  This  form  of  icterus  is  called  Hema- 
togenous. The  exact  domain  of  this  form  is  not  determined.  The 
icterus  of  some  acute  diseases  such  as  pyemia  and  typhus  fever  is 
haematogenous.  More  doubtful  is  the  Icterus  neonatorum.  This 
form  of  jaundice  occurs  in  a  large  number  of  new-born  children,  and 
IS  usually  regarded  as  due  to  a  destruction  of  red  corpuscles,  occur- 
ring m  consequence  of  the  changes  in  the  circulation  at  birth. 

It  is  asserted  by  Birch-Hirschfeld  that  this  icterus  is  hepatogenous.  He  says 
that  the  sudden  change  in  the  circulation  at  birth  causes  cedema  of  the  interstitial 
connective  tissue  of  the  liver,  and  that  this  produces  obstruction  of  the  ducts. 
Cohnheim  agrees  with  Birch-Hirschfeld  that  the  icterus  is  probably  hepatogenous, 
but  does  not  see  sufficient  evidence  of  oedema.  He  suggests  that  as  there  is  at 
birth  a  sudden  increase  in  the  secretion  of  bile,  the  ducts  may  take  some  time 
to  accommodate  themselves.  Eecklinghausen  believes  the  icterus  to  be  haima- 
togenous  on  the  apparently  sufficient  ground  that  the  fffices  are  coloured  with 
bile,  and  that  therefore  the  bile  ducts  are  not  obstructed. 

A  peculiar  feature  in  icterus  neonatorum  is  the  occurrence  of  Crystals  of  hiema- 
toidin  or  bilirubin  in  the  kidneys,  and  also  in  the  tissues  and  blood.  That  is 
to  say,  the  pigment  not  only  stains  the  tissues,  but  is  deposited  in  the  crystalline 
form.  It  is  probable,  however,  that  this  crystallization  is  a  post-mortem  phenom- 
enon. Hsematoidin  crystals  may  be  found  even  where  there  is  not  enough  pigment 
present  to  produce  jaundice. 

4.  Pigmentation  in  tumours. — In  certain  sarcomas  and  cancers  a 
brown  pigment  is  present  in  the  cells  of  the  tumours,  giving  to  the 
tissue  a  brown  or  black  colour.  The  pigment  here  has  the  chemical 
characters  rather  of  melanin  than  of  blood-pigments  and  is  presum- 
ably elaborated  by  the  cells.  These  tumours  mostly  take  origin  in 
structures  where  pigment  cells  normally  exist,  as  in  the  choroid  of 
the  eye,  the  superficial  layers  of  the  cutis,  the  pia  mater  (Virchow), 
and  the  conjunctiva  of  the  eye,  where  it  passes  into  the  cornea. 
Such  tumours  also  originate  in  pigmented  na3vi,  in  the  rete  Malpighii, 
and  in  the  cornea  (especially  in  horses).  In  some  of  these  cases  the 
melanin  passes  into  the  urine,  where  it  may  deeply  colour  that 
secretion  (Tennent  and  Coats). 

5.  Pigmentation  from  without. — Pigmented  substances  introduced 
may  lodge  in  the  tissues  and  even  permanently  colour  them.  Salts 
of  silver,  when  long  administered,  or  when  taken  in  excess  in  one 
dose,  may  cause  a  bluish  staining  of  the  skin — Argyria.  Silver  is 
also  deposited  in  the  tissues  of  internal  organs. 

The  Dust  of  the  air  which  is  inhaled,  passes  to  some  extent  into 
the  substance  of  the  lungs,  and  gives  a  dark  colour  to  them.  (See 
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under  Lung  Diseases.)  Workers  whose  trades  expose  them  to 
variously  coloured  dust,  present  similar  pigmentations  of  the  lungs. 
Tattooing  is  an  operation  by  which  granular  pigments  are  introduced, 
and  lodge  in  or  under  the  skin  and  in  the  lymphatic  glands. 

6.  Pigmentary  Atrophy. — When  coloured  tissues  atrophy  there  is 
usually  a  concentration  of  their  pigment.  Thus  we  have  a  brovra 
atrophy  of  muscle,  especially  of  the  heart,  and  a  deepened  coloration 
of  the  fat  in  emaciated  persons  and  in  old  age. 

Literature. — Vibchow,  Virch.  Archiv,  vols,  i.,  ii.,  iv.,  vi.,  Geschwiilste,  vol.  ii.; 
Addison,  Dis.  of  suprarenal  capsules,  1855;  Lakghans,  Virch.  Arch.,  vol.  xlix.; 
Neumann,  Virch.  Arch.,  vol.  cxi.,  1888;  DO'bck,  ibid.,  vol.  cxxx.,  1892;  Eind- 
FLEiscH,  Path.  Histology ;  Kehrer,  Stud.  iib.  Ikterus  neonatorum ;  Biech- 
HmscHFELD,  Virch.  Arch.,  vol.  Ixxxvii.  ;  Cohnheim,  Allg.  Path.,  vol.  ii.,  p.  75; 
Eecklinghausen,  Allg.  Path.,  p.  437  ;  Gdssenbauer,  Virch.  Arch.,  vol.  Ixiii.  ; 
KuNKEL,  Virch.  Arch.,  vol.  Ixxxi. ;  Eindfleisch  and  Haeris,  Virch.  Arch.,  vol. 
ciii. ;  Tennent  and  Coats,  Glasgow,  Med.  Jour.,  xxiv.,  1885  ;  Neumann  (Pseudo- 
melanosis),  Virch..  Arch.  cxi. ;  Gabeod  (literature)  in  Encyclop.  medica.,  ix.,  1901, 
gives  a  short  resume  of  our  knowledge  of  the  pigments  of  the  body  and  excreta. 


VII.— AMYLOID  DEGP:NERATI0N. 

This  name  is  applied  to  a  condition  in  which  the  constituents  of 
the  tissues  are  converted  into  a  substance  the  chemical  characters 
of  which  are  diiFerent  from  those  of  any  noi-mal  principle  in  the 
body.  The  degeneration  is  also  called  waxy  and  lardaceous  from 
the  physical  characters  of  the  substance  produced.  This  may  be 
called  for  convenience  amyloid  substance,  and,  as  the  name  sug- 
gests, was  originally  supposed  to  be  allied  to  starch.  It  has  really 
no  chemical  relation  to  starch,  being  a  nitrogenous  substance  and 
a  modified  serum-albumin.  It  resembles  starch,  however,  in  respect 
that  it  gives  a  colour  reaction  with  iodine. 

The  presence  of  amyloid  substance  is  determined  by  its  physical  characters 
and  by  certain  colour  tests.  The  earliest  known  of  these  latter  is  the  reaction 
with  iodine.  The  iodine  reaction  is  useful  for  roughly  testing  macroscopically 
at  the  time  of  the  post-mortem.  For  this  purpose  a  watery  solution  consisting 
of  iodine  10  grams,  iodide  of  potassium  20  grains,  and  water  4  ounces  is  poured 
on  the  surface  of  the  structure  to  be  tested.  A  mahogany  red  colour  indicates  the 
presence  of  amyloid  matter.  The  further  addition  of  dilute  sulphuric  acid  some- 
times produces  a  deeper  red  or  a  bluish  or  greenish  colour. 

int^oduTeThv  r '°  T'"^""""  ^^^"'^  °^  methylviolet  or  gentianviolet  as 

wth  the  ami  1™  kT  ''^^^^  '^^^  ^  ^'"^-P-k  colour 

tchne  2       """^T""'  '''''''  """^^"^  ''^'^'^  ^1"-    In  testing 

shoul    be  Zl;""""'"^'''  '  ^"'""""^  ^^'^  °f  th'^t  mentioned  above 
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The  substance  itself  has  a  peculiar  bright  translucent  glancing 
appearance  (see  Pig  225),  and,  as  the  structures  in  which  it  occurs  are 
enlarged,  they  are  often  remarkably  prominent  under  the  microscope 
It  IS  a  very  dense  heavy  material,  and,  after  death,  at  least,  is  some- 
what brittle,  but  the  usual  absence  of  heemorrhage  in  amyloid  organs 
would  seem  to  indicate  that  it  is  not  so  during  life. 

Causation.— Looking  to  the  history  of  the  cases  in  which  amyloid 
degeneration  occurs  it  is  clear  that  it  is  to  be  referred  primarily  to 


Fig.  225. — Advanced  amyloid  disease  of  the  liver.  The  arrangement  of  the  trans- 
parent amyloid  material  suggests  its  formation  in  the  capillaries.  The  round  bodies 
at  the  peripheral  parts  of  lobules  are  fat  drops,  there  being  sllglit  fatty  infiltration. 
X  70.  (Thierfelder.) 

an  alteration  in  the  blood.  The  disease  is  not  an  independent  one, 
but  comes  on  in  certain  cachectic  states  due  to  chronic  tuberculosis, 
syphilis,  diseases  of  bone  involving  prolonged  suppuration,  chronic 
dysentery,  etc. 

As  more  unusual  causes  of  amyloid  degeneration,  may  be  mentioned  leukromia, 
Hodgkin's  disease  (malignant  lymphoma),  very  rarely  cancer  or  sarcoma.  It  is 
frequently  associated  in  the  kidney  with  chronic  inilammation  of  that  organ,  but 
it  is  doubtful  whether  the  latter  is  to  be  regarded  as  its  cause,  for,  on  the  one 
hand,  amyloid  disease  may  lead  to  nephritis,  and,  on  the  other,  both  conditions 
may  be  the  result  of  syphilis. 

It  will  be  seen  that  in  the  forms  of  disease  mentioned  as  leading 
to  amyloid  degeneration  there  are,  for  the  most  part,  morbid  poisons 
in  the  blood.  It  is  probable  that  the  action  of  these  agents  is  the 
direct  cause  of  the  condition  rather  than  any  drain  on  the  system 
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such  as  has  been  generally  asserted  as  the  cause.  Whilst  in  tuber- 
culosis there  is  usually  a  prolonged  discharge,  yet  in  syphilis  amyloid 
degeneration  is  common  without  any  such  condition. 

It  is  more  difficult  to  determine  the  nature  of  the  connection  between 
the  condition  of  the  blood  and  the  disease  in  the  tissues.  By  some  it 
is  supposed  that  the  amyloid  substance  arises  in  the  blood  by  modifica- 
tion of  the  albumen  and  is  then  infiltrated  into  the  structures.  But 
this  view  cannot,  for  various  reasons,  be  accepted.  In  the  first  place, 
the  svibstance  is  eminently  insoluble,  and  it  is  difficult  to  understand 
how  it  can  be  carried  by  the  blood ;  besides  this  it  does  not  displace 
the  normal  structures  simply,  but  replaces  them,  these  structures  being 
converted  into  the  amyloid  substance.  It  is  more  consistent  to  suppose 
that  the  tissues  are  reduced  in  vitality  by  the  altered  condition  of  the 
blood,  and  that  the  albumen  of  the  blood  enters  into  combination  with 
the  protoplasm  in  such  a  way  as  to  produce  this  peculiar  substance. 
The  process  may  perhaps  be  compared  to  the  coagulation  of  the  tissues, 
which,  as  we  have  seen,  sometimes  occurs  when  they  undergo  necrosis, 
the  tissues  entering  apparently  into  a  chemical  union  with  the  fibrin- 
ogen in  the  fluid  exuded  from  the  blood-vessels,  so  as  to  form  fibrine 
or  some  substance  allied  to  it.  Amyloid  matter  has  frequently  been 
compared  to  fibrine,  and  Dickinson  has  suggested  its  affinity  with 
de-alkalized  fibrine.  The  existence  of  localized  amyloid  disease  is 
strongly  confirmatory  of  this  view.  In  this  condition  abnormal  struc- 
tures enter  into  the  peculiar  chemical  combination  with  the  albumen 
of  the  blood,  while  normal  structures  do  not.  In  this  connection  also, 
the  fact  that  amyloid  disease  afiects  the  connective  structures  of  the 
body  is  not  to  be  forgotten.  It  is  as  if  the  chemical  basis  of  these 
structures  had  a  special  relation  to  the  amyloid  substance.  Amyloid 
disease  is  therefore  essentially  a  degeneration,  although,  in  order  to 
form  amyloid  substance,  it  is  necessary  to  have,  added  to  the  tissue 
material  from  without,  and  this  adds  greatly  to  the  bulk  and  weight 
of  the  structures. 

According  to  Wichmann  the  amyloid  matter  is  always  interstitial 
that  IS  to  say,  between  the  cells.  He  holds  that  it  occurs  when  the 
cells,  owing  to  anemia,  are  no  longer  able  to  assimilate  the  normal 
albumen  exuded  from  the  blood.     The  albumen  lying  in  the  spaces 

subshnf '"tJ'  ^  '^'"^''^^  transformation  into  the  amyloid 

substance.    This  suggestion  does  not  seem  a  likely  one 
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intestine,  and  lymphatic  glands,  but  it  may  occur  in  almost  every 
organ  of  the  body. 

In  all  these  organs  it  begins  in  the  walls  of  the  blood-vessels,  more 
especially  the  walls  of  the  capillaries  and  smaller  arteries,  or  in  the 
connective  tissue.  In  advanced  cases  the  amyloid  substance  is  in 
such  quantity,  and  the  proper  tissue  of  the  organs  is  in  many  cases 
so  much  atrophied,  that  it  is  often  difficult  to  determine  its  precise 
seat.  In  early  cases,  however,  it  will  be  found  that  the  arteries  and 
capillaries  are  nearly  always  the  primary  seat.  It  is  readily  seen,  in 
the  liver  for  instance,  that  the  capillaries  are  affected,  the  hepatic 
cells  undergoing  atrophy.  Even  in  advanced  cases  the  arrangement 
is  often  suggestive  of  radiating  capillary  tubes,  as  in  Fig.  225.  In 
the  kidneys,  again,  it  is  always  the  vessels  which  are  first  affected, 
although  extension  may  occur  to  the  basement  membrane  of  the 
tubules.  (See  under  Kidney.)  In  the  spleen  the  arteries  are  mostly 
affected,  and  in  addition  to  these  either  the  walls  of  the  sinuses  in  the 
pulp  or  the  reticulum  of  the  Malpighian  bodies.    (See  under  Spleen.) 

The  distribution  of  amyloid  disease  varies  greatly  in  different  cases,  both  in 
regard  to  the  organs  chiefly  affected  and  the  parts  of  the  organs.  Thus  in  phthisis 
pulmonalis  it  may  be  chiefly  present  in  liver,  spleen,  or  kidney,  and  it  may  be 
absent  in  one  of  these  organs  while  present  in  the  others.  Of  the  two  forms  of 
amjloid  disease  of  the  spleen,  one  (the  sago  spleen)  is  characteristic  of  phthisis 
pulmonalis,  while  the  other  (the  diffuse  waxy  spleen)  is  probably  the  form  most 
frequently  met  with  in  syphilis. 

Considerable  discussion  has  occurred  as  to  the  existence  of  amyloid  disease  in 
epitbelial  structures.  It  is  now  generally  admitted  that  these  are  rarely  if  ever 
involved,  and  if  they  are  it  is  in  advanced  cases.  In  the  liver  it  is  admitted  that 
the  arteries  and  capillaries  are  chiefly  affected,  but  Kyber  and  others  have  asserted 
that  the  hepatic  cells  are  involved.  The  author  has  not  been  able  to  detect  any 
amyloid  change  in  the  hepatic  cells. 

The  amyloid  substance  is  a  very  inert  mattei'.  It  is  insoluble  in 
water  and  alcohol  and  even  in  gastric  juice.  During  life  it  renders 
the  structures  involved  passive,  so  that  they  are  incapable  of  vital 
changes.  This  material  is  insoluble  in  the  juices  of  the  body,  but 
consistently  with  its  character  as  inert  matter  it  gives  ready  passage 
to  fluids,  so  that  during  life  the  prominent  symptom  of  amyloid 
disease  in  the  intestine  is  diarrhoea,  and  in  the  kidneys  an  excessive 
discharge  of  watery  urine. 

A  frequent  result  of  amyloid  disease  is  diminution  in  the  calibre 
of  the  blood-vessels,  and  this  must  lead  to  anaemia  of  the  organs. 
To  this  may  be  partly  ascribed  the  fatty  degeneration  and  atrophy 
which  so  frequently  accompany  the  process,  although  these  are  also 
due  to  the  pressure  of  the  swollen  structures. 
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Structures  which  have  undergone  amyloid  degeneration  are  greatly 
increased  in  bulk  and  weight,  and  this  tells  on  the  organ  as  a  whole. 
The  liver,  spleen,  and  kidneys  are  often  greatly  enlarged,  and  they 
present  a  peculiar  dense  translucent  appearance,  which  has  given  I'ise 
to  the  names  waxy  and  lardaceous  disease,  often  applied  to  amyloid 
degeneration. 

Localized  amyloid  disease.— This  does  not  occur  in  tissues  previ- 
ously unaltered;  there  is  always  some  preceding  local  lesion.  It 
is  met  with  chiefly  in  new- 
formed  inflammatory  tissue  and 
cicatrices,  especially  when  of 
syphilitic  origin,  and  also  in 
tumours.  It  has  been  seen  in 
syphilitic  cicatrices  in  the  liver, 
tongue,  and  larynx,  in  degenera- 
ting cartilage,  etc.  In  some  cases 
the  piece  of  amyloid  tissue  is  of 
considerable  size,  and  as  it  differs 
in  its  hard  translucent  character 
from  the  tissues  around,  it  may 
itself  look  like  a  tumour. 

Amyloid  concretions.  Corpora 
amylacea.— In  old  extravasa- 
tions of  blood  in  the  lungs  we 
sometimes  meet  with  round  or 
oval  stratified  bodies  of  small  size  (see  Fig.  226  S),  which  somewhat 
resemble  starch  granules,  and  give  with  iodine  the  amyloid  reaction 
Sometimes  they  contain  in  their  central  parts  a  foreign  body,  such 
as  a  blood  crystal.  Again  in  the  prostate  gland  (a)  we  meet  with 
concretions  of  considerable  size,  it  may  be  visible,  as  brown  granules, 
.  to  the  naked  eye,  with  some  of  the  characters  of  stratified  amyloid 
concretions.  They  are  also  met  with  in  the  tissues  of  the  central 
ner.-ous  system  (c);  they  are  present  in  the  normal  brain,  especially 
the  ependyma  of  the  ventricles,  but  in  cases  of  sclerosis  they 
may  be  present  in  enormous  numbers.  ^ 
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Pig.  220.— Corpora  amylacea  :  a,  from  the  pro- 
state ;  6,  from  a  haemorrhagic  infarction  of  tlie 
lung  ;  c,  from  the  spinal  cord.    x400.  (Zieoler  ) 
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action  of  alcohol  in  hardening  the  tissue,  and  this  agent  should  therefore,  as  a 
general  rule,  be  avoided  in  preparing  the  brain  and  spinal  cord  for  histological 
investigation.  The  bodies  give  with  iodine  a  pale  yellow,  and  with  methylviolet  a 
reddish  colour.  They  are  devoid  of  pathological  significance,  although  some 
writers  have  referred  to  them  as  true  morbid  lesions.  (See  a  review  of  the  subject 
by  Middleton,  who  regards  them  as  formed  by  the  action  of  alcohol  on  the  myeline 
of  the  medullated  nerve-fibres.) 

Literature.— ViECHow,  Virch.  Arch.,  vi. ;  Wilks,  Guy's  Hosp.  Eep.,  1856; 
Kekule,  Heidelberg  Jahrb.,  1858  ;  Kdhne  und  Eddneff,  Virch.  Arch.,  vol.  xxxiii. ; 
CoRNiL,  Arch.  d.  Phys.,  1875;  Kyber,  Virch.  Arch.,  vol.  Ixxxi. ;  Budd,  Lancet, 
1880;  Eeport  on  lardaceous  disease.  Path.  Soc.  trans.,  vol.  xxii. ;  Pagge,  Path.- 
Soc.  trans.,  vol.  xxvii.  ;  Dickinson,  Discussion  on  Tardaceous  disease.  Path.  Soc. 
trans.,  vol,  xxx. ;  see  also  Greenfield,  Goodhart,  and  others  in  this  discussion; 
Coats  (Amyloid  dis.  in  Phthisis),  in  Gairdner  and  Coats'  Lect.  to  practitioners, 
1888;  Zahn  (Local  amyloid  dis.),  Virch.  Arch.,  vols.  Ixxii.  and  Ixxiii. ;  Middleton, 
Glas.  Med.  Jour.,  xxii.,  1884;  Wichmann  (Bibliography),  Ziegler's  Beitrage, 
xiii.,  1893;  Kbawkow,  Centralb.  f.  Allgem.  Pathol.,  vi.,  1895,  and  Arch.  f.  exp. 
Path.,  xl.,  p.  195;  Maximow  (literature),  Virch.  Arch.,  chii.,  1898;  Lubaesch  (full 
literature),  Lubarseh  and  Ostertag,  Ergebnisse,  i.,  1895,  and  iv.,  1899;  Ophdls, 
Jour,  of  exp.  med.,  v.,  1900. 


VIIL— MUCOUS,  COLLOID,  AND  HYALINE  DEGENERATIONS. 

There  are  many  pathological  conditions  in  which  translucent,  glanc- 
ing substances  appear  in  the  tissues,  and  it  is  frequently  difficult  or 
impossible  to  determine  the  chemical  and  other  relations  of  these 
substances,  which  were  all  at  one  time  called  colloid  substances.  In 
regard  to  one  of  them,  namely,  amyloid  substance,  the  reactions  are 
so  definite  that  it  can  readily  be  detected  even  in  small  quantities. 
It  has,  therefore,  been  separated  from  this  group.  Mucin  is  also  a 
tolerably  definite  substance,  whose  reactions  generally  allow  of  its 
detection.  But  even  in  regard  to  it  there  are  cases  in  which  its 
presence  is  doubtful,  and  there  remain  many  conditions  in  which  the 
colloid  or  hyaline  appearance  is  visible,  but  the  nature  of  the  change 
is  obscure. 

Most  authors  use  the  term  colloid  degeneration  to  cover  the  more  indefinite 
forms,  using  a  term  which  formerly  had  a  wider  significance.  Eecklinghausen  has 
introduced  the  term  Hyalin  to  indicate  a  substance  having  a  clear  translucent 
appearance.  This  author  includes  under  this  name  both  solid  and  semi-fluid 
substances  having  the  optical  characters  mentioned.  As  the  term  means  glassy,  it 
seems  hardly  consistent  to  call  by  this  name  tenacious  fluids,  such  as  that  found  ni 
the  thyroid  gland  in  some  cases  of  goitre.  Perhaps  it  may  be  convenient  to  retain 
the  term  colloid  for  the  semi-fluid  matters,  and  hyaline  for  the  more  soHd. 

1.  Mucous  degeneration.— This  is  characterized  by  the  presence  in 
the  tissues  of  Mucin.  This  is  a  normal  secretion  of  certain  glands 
and  is  a  body  with  definite  chemical  reactions.    It  is  closely  allied 
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to  albumen,  but  it  is  precipitated  by  dilute  mineral  acids,  and  by 
organic  acids  (acetic  acid),  and  is  not  re-dissolved  by  excess  of  acid. 
With  alcohol  it  gives  a  membraneous  and  fibrous  coaguhim,  which  is 
partly  re-dissolved  in  excess  of  water.  Albumen,  on  the  contrary,  is 
not  precipitated  by  organic  acids,  and  its  precipitate  with  alcohol 
is  flocculent,  and  not  re-dissolved  by  water.  Mucin  is  detectable  by 
a  colour  test,  the  dye  used  being  toluidin-blue  or  thionin.  These 
substances,  which  are  nearly  allied  to  methyl-blue,  produce  a  blue 
nuclear  staining,  but  give  a  red  colour  with  mucin.  The  physical 
characters  of  mucin  are  notable  in  that,  even  in  small  amounts,  it 
gives  fluids  a  sticky,  tenacious  character.  Thus  a  fluid  containing 
5  per  cent,  of  mucin  is  tenacious,  while  the  blood  serum  which 
contains  9  per  cent,  of  albumen  is  quite  liquid.  Paralbumin  is 
closely  allied  to  mucin,  if  not  the  same  substance. 

Mucin  is  present  pathologically  either  in  cells  or  in  the  intercellular 
•  substance.  In  cells  it  has  its  physiological  type  in  the  secretion  of 
mucus.  This  takes  place  by  a  transformation  of  epithelial  cells,  which 
may  be  either  in  proper  mucous  glands  oi'  else  on  the  surface  of 
mucous  membranes.  The  cells  show  in  their  protoplasm  a  clear 
substance  which  gradually  cUstends  them,  and  they  become  goblet 
cells.  The  mucin  is  discharged,  the  cell  being  either  destroyed  or 
returning  to  the  normal  condition.  An  exaggeration  of  this  process 
occurs  m  catarrhs  of  mucous  membranes,  but  this  can  scarcely  be 
called  mucous  degeneration.  There  may  also  be  an  accumulation  of 
mucus  m  a  cavity  or  cyst,  but  this  also  is  to  be  distinguished  from 
degeneration. 

A^  definite  mucous  degeneration  occurs  in  tumours,  notably  in 
ovarian  tumours  and  in  certain  cancers.  In  the  colloid  ovarian 
cystoma,  the  mucous  (or  colloid)  matter  is  produced  by  a  process  of 
secretion  m  glandular  structures,  goblet  cells  being  characteristically 
present.  (See  Fig.  227.)  In  colloid  or  mucous  cancers  the  epithelial 
cells  of  the  tumours  undergo  a  mucous  transformation.    The  tumours 

rpitheliur"'         ''r^'  '"'^  '^^^^  ''''  -here  cylindrical 

epithelium  is  a  normal  constituent 

bec'^^'lbf?/™"  f  ^^^P^^^         it        no  tendency  to 

like  V  0  .:     !  '  "  ''''  '  '''''y  ^"^^^^"i'^S  '  fl^^id  is  not 

likely  to  have  its  contents  reduced  by  absorption 

umbSrd";tirm  'tt'^'  ^^'^^^^^^ 

In  this  tissue  th.  W      I  f '  *^P^  tissue- 

Tumours   ceurtl-";         ''"  ''"'^'^"^^      ^^^P^^^  of  a  soft  jelly. 

A  true  ZZ  cWuioT'^"'  t  ^  '""^^  ^^'^ 

degeneration  occurs  when  the  dense  matrix  of  cartilage 


404 


RETROGRADE  CHAN(iES. 


(ji-  bono  becomes  ti-ausformed  into  a  jelly  containing  mucin  (see  Fig. 
122,  p.  295),  or  when  the  adipose  tissue  becomes  like  mucous  tissue. 

Myxoedema  is  a  condition  in  which  mucin  is  present  in  the  skin, 
subcutaneous  tissue,  etc.  It  is  associated  with  changes  in  the  thyroid 
gland.    (See  p.  233.) 


Fig.  227.— From  the  intemal  surface  of  a  colloid  ovarian  cyst.  Tlio  liniug  epithelium 
is  mostlj'  iu  the  form  of  goblet  cells,  the  superficial  ]3arts  having  clear  transparent 
contents,    x  3.50. 

2.  Colloid  degeneration. — Under  this  name  are  included  conditions 
in  which  the  cells  of  structures  secrete  or  become  converted  into  a 
clear  homogeneous  substance,  this  transformation  implying  the 
destruction  of  the  cells.  It  occurs  almost  as  a  physiological  process 
in  the  Thyroid  gland,  as  colloid  matter  is  always  present  in  later 
life  in  that  gland.  It  forms  an  important  element  in  the  commonest 
form  of  Goitre,  in  which  there  is  an  enlargement  of  the  gland.  The 
thyroid  gland  consists  of  saccules  lined  with  epithelium.  The 
epithelial  cells  become  colloid  and  the  saccule  comes  to  be  occupied 
by  a  translucent  clump  of  colloid  matter,  which  by  swelling  up 
causes  enlargement  of  the  saccule.  In  the  Kidneys  we  frequently 
find  cysts  occupied  by  colloid  matter,  which  has  arisen  by  trans- 
formation of  the  epithelium  of  the  tubules  or  Malpighian  bodies. 

3.  Hyaline  degeneration. — Eecklinghausen  has  introduced  this  term  to  designate 
conditions  in  which  a  clear  homogeneous  substance  of  a  vitreous  appearance  is 
present,  which  does  not  yield  the  reactions  of  amyloid  substance  or  mucin.  This 
Hyalin  has  special  reactions  to  some  staining  agents,  being  deeply  coloured  by 
most  of  the  acid  dyes.  Thus  carmine,  picro-carmine,  and  to  a  less  extent, 
hfematoxyline,  eosine,  and  acid  fuchsine  stain  it  deeply.  It  is  an  inert  substance 
and  its  presence  impHes  that  the  structures  involved  are  obsolete  if  not  dead.  The 
substance  is  insoluble  in  water  and  alcohol,  and  is  unaffected  by  acids  and  all^ahes. 
It  is  insoluble  in  the  juices  of  the  tissues;  at  most  it  swells  up  when  acted  on  by 
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them  and  remains  as  an  inert  substance.  Like  amyloid  matter  and  mucin,  it 
arises  chiefly  by  transformation  of  cells,  but  there  are  some  conditions  included  by 
Eecklinghausen,  in  which  this  can  hardly  be  said  to  be  the  case. 

It  is  not  asserted  by  Eecklinghausen  that  hyalin  has  a  determinate  chemical 
constitution,  and  there  are  probably  many  different  conditions  included  in  the 
name.  The  following  is  a  list  of  these: — (1)  Colloid  degeneration;  (2)  Some 
instances  of  coagulation-necrosis,  and  more  particularly  the  waxy  degeneration 
of  muscle ;  (3)  Tube  casts  in  the  kidneys  (hyaline  cylinders)  and  similar  structures 
met  with  in  inflammations  of  the  ducts  of  the  sweat  glands,  and  in  the  ovarian 
follicles ;  (4)  Hyaline  matters  in  many  tumours,  as  in  lymphomas,  sarcomas,  and 
cancers,  as  well  as  in  tubercles;  (5)  On  mucous  membranes,  forming  the  main 
constituent  of  diphtheritic  membranes ;  (6)  In  thrombi  and  fibrinous  exudations, 
where  the  fibrine,  at  first  forming  a  net-work,  becomes  converted  into  a  hyaline 
homogeneous  material ;  the  thrombi  in  aneurysms  often  assume  this  character ; 
(7)  In  the  eye  as  prominences  in  the  hyaloid  membrane. 

Literature.— Eecklinghausen,  Allg.  Path.,  p.  404;  Ernst,  Virchow's  Archiv, 
exsx.,  1892  ;  Mabchand,  Eulenburg's  Eealencyklop.,  189-5  ;  Lubarsch,  Lubarsch  and 
Ostertag,  Ergebnisse,  i.,  1895,  and  iv.,  1899. 


IX.— GLYCOGENIC  INFILTRATION. 

This  is  the  term  usually  employed  to  designate  the  occurrence  of 
glycogen  in  situations  where  it  is  not  normally  present,  or  its 
presence  in  excess  in  structiu-es  in  which  it  normally  exists.  The 
possibility  of  the  existence  of  a  glycogenic  degeneration,  as  distinct 
from  an  infiltration,  has  been  asserted,  but  without  demonstrable 
proof. 

Glycogen  occurs  in  the  tissues  either  in  solution  or  in  the  form 
of  hyaline  granules  or  droplets.  These  are  found  mostly  within 
the  cells,  but  also  at  times  in  the  intercellular  substance. 

This  carbohydrate  is  soluble  in  water  and  gives  with  iodine  a 
brownish-red  coloration;  in  these  two  respects  differing  from 
amyloid  material.  Further,  glycogen  does  not  give  the  bluish-green 
iodine  reaction  on  sulisequent  addition  of  sulphuric  acid.  In  all 
investigations  fresh  tissues  should  be  employed,  as  the  conversion  of 
glycogen  into  sugar  takes  place  soon  after  death.  The  tissues  mav 
be  examined  fresh  or  after  hardening  in  absolute  alcohol  Li 
applying  the  iodine  test,  alcoholic  solutions  or  solutions  of  iodine  in 
gum  or  glycerin  are  used.  Gentianviolet  and  carmine  also  in  special 
combinations  give  excellent  results.  ^ 

(u2ZTtZT  T"'"'"." ''''  --^-i- 

c^t  W  ^n  t.        1  ""^''^  l^™°«yt--  - 

n  mafvoth  ""'^^  problbly 
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Its  presence  has  been  detected  in  many  pathological  conditions. 
Thus  in  diabetes  it  is  present  in  the  l)lood,  in  the  liver,  and  in  a 
marked  degree  in  the  renal  epithelium,  especially  in  the  loops  of 
Henle.  In  acute  suppurative  inflammations  the  leucocytes  in  the 
exudation  have  been  shown  to  be  the  seat  of  glycogenic  infiltration, 
and  in  the  blood  of  leukemia  and  cachectic  diseases  generally 
glycogen  may  be  demonstrated  in  the  leucocytes.  Further,  glycogen 
has  been  met  with  in  a  large  number  of  different  tumours,  arising 
in  various  organs  and  tissues,  e.g.  in  cancers  of  the  testes,  in 
some  forms  of  renal  tumour,  in  sarcomas  of  bones,  in  enchondromas, 
endotheliomas,  etc.  In  certain  other  tumours  glycogen  is  absent. 
According  to  Langhans  it  is  rarely,  if  ever,  seen  in  cancers  of  the 
mamma. 

Literature. — Baefubth,  Arch.  f.  mikr.  Anat.,  25,  1885;  Ehklich,  Zeitschr.  f. 
klinMed.,  6,  1883;  Langhans,  Virch.  Arch.,  120,  1890;  Czehny,  Arch.  f.  exper. 
Path.,  33,  1893;  Tbambusti,  Centralb.  f.  allgem.  Path.,  iii.,  1892;  Lubarsch,  in 
Lubarsch  aad  Ostertag,  Ergebnisse,  i.,  1895,  and  iv.,  1899.  Directions  for  staining 
glycogen  will  be  found  in  the  Encykl.  d.  Mikroskop.  Technik,  1903. 

X.— CALCAREOUS  INFILTRATION  AND  CONCRETIONS. 

By  these  terms  is  meant  the  pathological  deposition  of  lime-salts. 
In  Ossification  we  have  the  salts  of  lime  united  with  an  organic 
matrix,  and  the  tissue  has  a  definite  structure  in  which  living,  active 
cells  are  present.  In  Calcareous  infiltration  the  same  salts,  chiefly 
the  carbonate  and  phosphate  of  lime,  are  deposited  in  tissues  without 
entering  into  any  proper  union  with  them,  and,  in  fact,  the  deposi- 
tion of  the  lime  is  in  itself  evidence  that  the  tissue  has  virtually 
lost  its  vitality.  A  Concretion  is  a  solid  body^  formed  generally  by 
deposition  from  a  fluid.  Such  solid  bodies  consist  in  many  cases  of 
lime-salts. 

Causation. — Lime-salts  or  other  soluble  matters  may  be  deposited 
because  they  are  present  in  excess.  In  cases  of  rapid  destruction  of 
bone,  as  by  an  advancing  cancer,  the  absorbed  lime-salts  are  present 
in  the  blood  in  excess,  and  we  may  have  a  metastatic  calcification 
of  the  lung  or  intestine.  There  may  be  thus  an  incrustation  such 
as  to  make  the  tissue  like  pumice-stone.  In  some  cases  of  this  kind 
there  has  been  a  co-existent  disease  of  the  kidneys  hindering  the  due 
excretion  of  the  lime-salts, 

In  most  instances,  however,  the  presence  of  dead  or  obsolete  matter 
or  a  foreign  body  is  the  chief  determining  cause  of  deposition.  The 
blood  and  principal  fluids  contain  lime-salts  in  solution,  and,  under 
certain  circumstances,  these  are  liable  to  precipitation.    In  the  living 
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tissues  there  is  a  continual  circulation  of  the  fluids,  and  these  latter 
do  not  linger  long  enough  to  undergo  any  serious  chemical  change. 

In  dead  or  obsolete  structures,  on  the  other  hand,  the  juices  will 
lie  stagnant,  and  are  liable  to  undergo  chemical  changes.  Both  in 
the  case  of  concretions  and  infiltrations  there  is  usually  a  foreign 
body  or  piece  of  dead  matter  as  the  centre  of  deposition.  In 
addition,  the  circumstances  are  frequently  such  as  to  cause  stagnation 
of  the  fluid. 

Characters  of  the  lesions. — The  lime-salts  are  deposited  in  the  first 
instance  in  the  form  of  fine  globular  granules,  either  in  the  protoplasm 


Fig  22S.— Calcareous  infiltration  in  a  tumour:  a,  cells  of  smooth  muscle  filled 
witn  lime  granules  ;  b,  a  blood-vessel  converted  into  a  solid  rod.    x  350. 

of  cells  or  in  the  intercellular  substance.  The  structure  is  as  if 
dusted  with  refracting  granules,  and  the  appearances  in  many 
respects  resemble  those  of  fatty  degeneration.  (Fig.  228  a.)  As  the 
salts  accumulate,  the  appearance  of  granules  is  somewhat  lost  and  a 
more  continuous  petrifaction  results.  (Fig.  228  b.)  Sometimes  the 
structures  becomes  in  consequence  homogeneous  and  somewhat 
translucent,  as  in  Fig.  229.  The  addition  of  a  dilute  mineral  acid 
causes  the  salts  to  dissolve,  and,  as  carbonates  are  nearly  always 
present,  solution  occurs  with  evolution  of  gas. 

trirlt""^^''  1-  ^''^  ^^''y  "^^i^erous.    A  minute  parasite,  the 

cnina  spiralis,  occurs  in  the  embryo  form  in  the  muscles  of  man  and 
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ammals;  it  lies  there  quiescent,  coiled  up  spirally  and  surrounded  by  a 
capsule.  It  is  virtually  a  foreign  body,  and  the  capsule  is  by  degrees 
impregnated  with  lime,  assuming  an  opaque  appearance  at  its  poles 


Fig.  229.— Calcareous  infiltration  of  the  middle  coat  in  an  artery.    The  lime  salts 
have  aggi-egated  together  so  as  to  produce  a  crystalline  appearance,    x  22. 

(Fig.  230).  If  the  embryo  itself  dies,  it  also  may  become  impregnated 
with  lime  (see  Fig.  230,  lower  part).  Sometimes  an  extra-uterine  foetus 
dies  and  remains  inside  the  abdomen  as  a  foreign  body.  It  becomes 
surrounded  by  adhesions  and  partially  encapsuled.  The  capsule  and 
superficial  parts  of  the  foetus  become  through  time  encrusted  with  lime, 


Fig.  230. — Trichina  spiralis  in  muscle.    The  capsules  infiltrated  witli  lime,  and  in 
one  case  a  dead  worm  shrivelled  and  impregnated  with  lime. 

forming  the  so-called  Lithopsedion.  Again,  an  inflammatory  exudation 
in  the  pericardium  may  dry  in  and  become  impregnated  with  lime. 
In  phthisis  pulmonalis,  if  healing  occurs,  the  contents  of  ca-vaties  and 
caseous  matter  may  dry  in  and  become  surrounded  by  a  capsule ; 
impregnation  with  lime  results,  leading  to  a  pultaceous  or  mortar-like 
material,  which  may  ultimately  condense  into  a  stony  mass.  (See 
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Tuberculosis.)  Again,  in  valvular  disease  of  the  heart,  due  to  chronic 
endocarditis,  the  new-formed  connective  tissue,  by  its  conti'actioii, 
becomes  hard  and  dry  and  virtually  obsolete,  and  deposition  of  lime- 
salts  occurs. 

These  are  examples  of  calcification  of  foreign  bodies  of  pathological 
products,  but  we  may  have  the  process  occurring  in  the  ordinary 
tissues  when  they  have  become  obsolete.  In  the  middle  coat  of  the 
arteries  of  old  people,  calcareous  infiltration,  beginning  in  the  muscular 
fibre-cells,  frequently  leads  to  massive  petrifaction  of  the  arteries  (see 
Fig.  229),  so  that  they  form  rigid  tubes.  The  cartilages  of  old  people 
are  also  liable  to  impregnation  with  lime.  The  crystalline  lens  of 
the  eye  may  be  the  seat  of  a  similar  deposition  in  certain  forms  of 
cataract. 

In  some  cases  the  calcification  is  followed  by  a  true  ossification. 
Calcareous  infiltration  of  the  middle  coat  of  arteries  is  not  infrequently 
associated  with  ossification  (Paul,  Coats),  and  the  calcification  of  the 
ribs  of  old  people  frequently  passes  into  ossification.  Again,  the 
author  found  in  an  old  hydatid  cyst  in  the  liver  true  bone  associated 
with  calcification.  In  these  cases  the  rigid  calcified  structure  probably 
acts  as  a  foreign  body,  inducing  the  formation  of  granulation  tissue 
around  it.  The  granulation  tissue  may  eat  into  the  calcareous  mass, 
and  it  looks  as  if  the  presence  of  lime-salts  induced  it  to  develop  into 
bone  rather  than  into  ordinary  connective  tissue. 

Literature.-WEBEE,  Virch.  Arch.,  vol.  vi. ;  Virchow,  ibid.,  vols,  viii  xi  xx  ■ 
Zahn,  ibid.,  vol.  Ixii.;  Kybee,  ib.,  vol.  Ixxxi. ;  Paul,  Path.  Soc.  Trans.,  vol.  xx'xvii.' 
p.  216;  Coats,  Glas.  Med.  Jour.,  vol.  xxvii.,  1887,  p.  265;  Cohn,  Virch.  Arch  ' 
Tol.  cvi.  ZiEGLER's  Lehrb.  d.  allgem.  Pathol.,  latest  edition,  contains  numerous 
references. 


SECTION  XI. 


ANIMAL  PAEASITES. 

A.  Entozoa  or  Internal  Parasites,  their  general  characters  and  effects.    I.  Protozoa. 

(1)  Amoeba.  (2)  Coccidia.  (3)  "  HBematozoa  "  of  malaria.  II.  Trematoda  or 
Flukes,  chiefly  Distoma  hepaticijm,  sinense,  and  hsematobium.  III.  Cestoda 
or  tape-worms.  (1)  Taenia  solium,  structure  and  development;  Cysticercus 
cellulosse,  its  scolex  form.  (2)  Taenia  mediocanellata.  (3)  Taenia  echino- 
coccus,  forming  hydatids ;  its  cysts,  brood-capsules,  heads  and  laminated 
membrane.  (4)  Bothriocephalus  latus.  Other  tape-worms.  IV.  Nematoda 
or  round- worms.  (1)  Trichina  spiralis,  its  embryonic  and  adult  forms; 
effects  of  migrations.  (2)  Ascaris  lumbricoides.  (3)  Oxyuris  vermicularis. 
(4)  Trichocephalus  dispar.  (5)  Ankylostomum  duodenale.  (6)  Filaria 
medineusis.  (7)  Filaria  sanguinis,  its  periodicity  in  the  blood  ;  relation 
to  chylous  urine  and  lymph-scrotum. 

B.  Epizoa  or  External  Parasites.     (1)  Arachnida;,  chiefly  Acarus  scabiei  and 

Pentastomum  denticulatum.  (2)  Insecta,  chiefly  Pediculi  and  I'ulex 
irritans.     Larvae  of  insects  in  wounds,  skin,  and  bowels. 

rPHE  Animal  Parasites  represent  a  mucli  wider  extent  of  the  animal 
kingdom  than  the  vegetable  parasites  do  of  the  vegetable 
kingdom.  We  have  the  lowliest  forms  of  animal  life,  the  protozoa, 
comparable  with  the  bacteria  in  respect  that  they  are  unicellular 
organisms,  and  we  have  animals  as  highly  organized  as  the  Insects. 
With  this  great  variety  in  organization  we  have  also  great  difierences 
in  seat,  effects,  and  other  characteristics. 

The  Animal  Parasites  live  in  or  on  the  living  tissues  of  the  affected 
animal,  which  is  called  their  host.  They  produce  their  eff"ects,  partly 
by  using  up  the  nutritive  material  of  the  body,  partly  irritating" 
and  injuring  the  structures,  and  partly  also,  as  is  probable  m  some 
instances,  by  producing  toxic  agents.  This  last  is,  however,  in  th" 
case  of  the  animal  parasites,  a  very  infrequent  effect  as  compari 
with  that  of  the  vegetable  parasites. 

I.— PROTOZOA. 

The  pathogenic  unicellular  organisms  at  the  lowest  position  in  t 
animal  kingdom  are  by  no  means  so  well  known  as  the  correspondnig 
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vegetcable  organisms.  Of  late  j'^ears  much  attention  has  been  paid  to 
them,  and  there  are  indications  that  there  may  be  in  their  case  a  wide 
field  of  pathogenesis  still  to  be  discovered.  The  presence  of  protozoa 
in  the  blood  in  malaria  suggests  that  in  some  of  the  specific  fevers 
agents  of  this  class  may  exist. 

At  the  present  stage  of  the  inquiry  modes  of  isolation  and  of  culti- 
vation are  still  to  a  large  extent  to  be  discovered.  It  is  scarcely  to  be 
expected  that  the  same  media  will  be  suitable  for  animal  organisms  as 
for  vegetable.  For  a  similar  reason  the  morphology  and  classification 
of  the  group  is  also  in  an  initial  stage. 

1.  Amoeba. — This,  the  lowest  form  of  animal  life,  consists  of  a  mass 
of  transparent  finely  granular  contractile  substance  with  a  nucleus. 
When  movement  is  taking  place  a  central  granular  endoplasm  and  an 
outer  hyaline  layer  or  ectoplasm  may  be  distinguished. 

Many  authors  have  described  the  Amoeba  coli  as  of  constant  occur- 
rence in  epidemic  dysentery.  It  is  present  in  the  stools  and  in  the 
lesion  in  the  intestine.  It  is  also  found  in  the  lesions  of  the  liver,  met 
with  as  secondary  results  in  dysentery.  According  to  Osier  there  is 
not  in  dysentery  a  suppurative  inflammation  such  as  results  from  the 

action  of  pyogenic  microbes,  but  a  progressive  cedema  and  necrosis 

■  associated  with  proliferation  of  the  fixed  cells  of  the  tissues.  In  the 
liver,  also,  unless  there  is  an 

addition  of  pyogenic  agents, 

there  is  no  proper  suppura- 
tion— few  polymorpho-nuclear 

leucocytes    being   present — 

but  rather  a  necrosis  of  the 

liver  tissue.   The  amoeba  has 

been  observed  in  epidemics 

in  several  countries,  in  Egypt 

by  Kartulis,    in   Russia  by 

Losch,  and  in  America  by 

Councilman,  Lafleur,  and  Osier. 

(See  Dysentery.) 
•2.  Coccidia.  Psorospermia. 

—These  belong  to  the  class 

of   Sporozoa,  or  unicellular 

animals  with  a  smooth  cuticle. 

They  have  little   power  of 

the  live'  and  ^^^^^o^Permosis,  chiefly  of 


u  .^''^er  of  rabbit.  Dilated 


DUe-clucts  with  papillonmtovi.s  iiigvowtha  fi 


om  wall. 
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Coccidiosis  is  very  frequent  in  the  liver  in  rabbits,  both  wild  and 
tame.  It  appears  in  the  form  of  whitish  nodules,  often  in  considerable 
numbers,  which  may  attain  to  the  size  of  a  hazel-nut.  As  a  large 
proportion  of  rabbits  is  affected,  and  as  it  is  especially  prevalent  in 
the  young,  the  disease  is  obviously  not  a  very  serious  one.  The 
white  nodules  when  incised  yield  a  yellow-coloured  debris  in  which 
innumerable  oval  bodies  are  present,  the  coccidium  oviforme,  which 
closely  resemble  the  ova  of  parasitic  entozoa.  Closer  examination 
.„  shows  that  the  lesions  in  the 

liver  are  related  to  the  bik' 
ducts,  and  that  there  is  a 
new-formation  of  tissue  so 
as  to  form  a  cyst  with  papillo- 
matous projections  from  its 
wall  (see  Figs.  231  and  232). 


(     ^         The  parasite  appears  first  in 


the  epithelial  cells  in  the  form 
of   a   small   granular  body, 
which  grows  at  first  in  the 
^  .,-*^^^,,^'r'^      '  /        substance  of  the  epithelium, 
*e.>v.v«  distending   it   as   shomi  in 

Fig.  232.   The  parasite  finally 
becomes  free  and  acquires  its 
jsp^?rV*v*«^  thick  cuticle.   These  facts  are 

-  of  importance  as  showing  that 

Fig.  232.-Coccidiosis.    Liver  of  rabbit.    From     ^.j^g  presence  of  this  parasite 

.sitme  case  as  Fig.  231.     Numerous  granular  bodies  r  I 

occupy  the  epithelial  cells.    Several  parasites  which      jj-^    ^]jg    epithelium  produCeS 

have  acquii-ed  a  thick  cuticle  are  seen  lying  free.  _  f 

new-formation  not  only  of  the 
epithelium,  but  of  the  connective  tissue,  so  as  to  produce  a  cystic 
lesion  of  definite  structure.  Coccidiosis  also  occurs  in  the  intestine 
of  some  animals.  Nocard  has  described  a  case  in  the  sheep  in 
which  many  small  tumours  in  the  mucous  membrane  of  the  intestine 
had  a  structure  comparable  with  that  of  the  coccidial  lesions  in  the 
liver. 

Few  cases  of  a  similar  nature  have  been  observed  in  man,  but 
Grubler  has  related  a  case  in  which  the  liver  was  the  seat  of  twenty 
tumours  of  cancerous  appearance,  mostly  about  the  size  of  chestnuts, 
but  one  of  very  large  dimensions.  The  patient  died  from  peritonitis. 
The  tumours  were  found  encapsuled,  and  contained  internally  a  creamy 
fluid  which  presented  countless  egg-like  bodies  having  the  characters 
of  coccidia.  A  few  additional  cases  have  been  observed,  but  not  vnth 
such  pronounced  lesions. 
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Rainey's  corpuscles  or  Miescher's  tubes  are  elongated  granular  bodies 
found  in  the  muscular  substance  of  some  animals — swine,  cattle,  sheep, 
and  mice  (see  Fig.  233).  The  writer  has  frequently  met  with  them  in 
the  muscle  of  the  heart  and  of  the  tongue  in  cattle.  They  are  supposed 
to  be  parasitic  protozoa- — sarcosporidia — but  our  knowledge  with  regard 
to  them  is  still  defective.  A  limiting  membrane  or  capsule  is  usually 
easily  made  out.    Within  this,  in  separate  partitions,  are  numbers  of 


rounded,  reniform,  or  sickle-shaped  bodies  (sporozoites).  Although 
tound  m  many  diflerent  animals,  sometimes  in  large  numbers,  thev 
nave  not  been  conclusively  demonstrated  in  man 

Molluscum  contagiosum,  which  from  its  anatomical  characters  is 
«ul  H  Epithehoma  contagiosum,  presents  conditions  strongly 
suggestive  of  coccidiosis.    The  disease,  which  is  contagious  consists 

41:::;:- "^^^'^^^^  ^^^^^^^^^^  structui:^nru;s 

2eW^f "  f.  P^'^P^^  ^Pi^^«l-1  t-^our,  the  little  nodules 
e^t  al  ce  °  i  f '"^^'^^  ^^^^  The  more 

t  t^e         T'^P"'      ^^'^^^  "^^^^     ^he  earlier  or  outer  zones 
torm  of  small  granular  structures,  ^vith  difficulty  distinguish- 
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able  from  the  protoplasm  of  the  cells.  These  Ijodies  grow  and  push 
the  nucleus  aside.  Finally  they  assume  a  capsule  and  are  converted 
into  oval  glancing  bodies  closely  resembling  coccidia.  These  are 
usually  called  molluscum  bodies.  If  they  be  really  parasites,  then 
we  have  here  again  a  tumour-like  tissue  produced  by  protozoa.  It.  is 
to  be  noted  here  also  that  the  peculiar  bodies  are  closely  associated 
with  the  epithelial  cells,  and,  according  to  many  ol)servers,  they 
arise  from  alterations  in  these  cells. 


Fig.  234. — Mollu.scuin  contagiosum.    x  200. 

Other  diseases  of  the  skin  have  been  found  associated  with 
bodies  believed  to  be  coccidia  or  psorosperms.  Amongst  these  is 
Paget's  disease  of  the  nipple.  The  disease  is  an  inflammatory  con- 
dition of  the  skin  having  the  usual  anatomical  features.  It  has  been 
pointed  out  by  Darier  and  Wickham  that  the  epithelial  cells  in  this 
disease  contain  bodies  having  the  characters  of  coccidia.  It  is  of 
importance  to  note  that  the  disease  in  question  is  not  infrequently 
followed  by  cancer  of  the  mamma,  and  that  similar  bodies  are  also 
foimd  in  the  epithelial  cells  of  the  cancer. 

This  subject  becomes  of  importance  from  the  fact  that  similar 
bodies  have  been  found  in  the  epithebal  cells  in  cancer,  and  more 
recently  in  the  cells  of  sarcomas.  This  subject  has  been  already  dealt 
with. 
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3.  HaBmatozoon  of  malaria,  or  paludism :  HsBmamseba. — This 
organism  will  be  found  fully  discussed  in  all  recent  bacteriological 
treatises.  Here  the  briefest  possible  notice  must  suffice.  The  parasite, 
the  knowledge  of  which  we  owe  in  the  first  instance  to  Laveran, 
belongs  to  the  protozoa  and  to  the  class  of  sporozoa,  being  nearly 
allied  to  the  coccidia.  It  has  been  called,  by  the  Italian  observers 
Marchiafava  and  Celli,  the  Plasmodium  malarias,  but  this  name  is 
objected  to  by  Laveran,  as  the  bodies  are  not  plasmodia.  The 
parasite  exists  in  the  blood  in 
several  forms,  which,  however,  are 
merely  phases  of  the  same  organism. 
The  foi-ms  described  by  Laveran  are 
the  following : — 

(a)   Spherical   bodies. — This  is 
the  commonest  form.    They  have 
the  appearance  in  unstained  speci- 
mens of  small  clear  spots  in  the 
red  corpuscles,  but  take  a  blue 
colour  with  methylene-blue  (see  Fig. 
235,  a),  and  they  usually  have  one 
or  more  granules  of  pigment  in 
them.     As  they  grow  larger  the  J^fJ^s^^'^^^^Ll^'^^l!:^"^ 
number  of  pigment  granules  in-  '^;^^^^S^r^7:Sl^^^'.t 
creases  in  them.    These  spherical  Zle^J^^rtV^:u:::^''^ 
bodies  are  sometimes  free  in  the  ^^^^"'•^  ^''^o- 
liquor  sanguinis  (b  in  figure),  at  other  times  attached  to  red  corpuscles 
and  they  evidently  live  at  the  expense  of  the  red  corpuscles.  Under 
their  nifluence  the  corpuscles  become  pale  and  ultimately  disappear 
the  pigment  in  the  parasites  being  derived  from  the  red  corpuscles' 
The  spherical  bodies  possess  a  slow  amoeboid  movement,  and  they 
increase  by  fission. 

(i)  Flagella.-These  are  found  both  attached  to  the  spherical  bodies 
and  free.  The  flagella  are  not  pseudopodia  of  the  amoeboid  bodies 
for  after  formation  they  free  themselves  from  these.  They  are  verv 
translucent  and  difficult  to  observe,  unless  by  their  very  active  move 
rnent  they  cause  currents  in  the  blood.  This  is  best  seen  when 
they  are  attached  to  the  spherical  bodies.  The  flagella  are  thus 
regarded  as  in  some  respects  independent  bodies,  and  the  suggestion 
a^imrr  TI^'"        '''''''      ^'^^^^^  boles  of 

Jt  ^"^^^-These  are  very  definite  bodies  in  the  form  of 

ciescents  with  collections  of  pigment  in  the  central  part  (Fig.  235, 
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A  fine  curved  line  is  usually  seen  joining  the  two  extremities 
of  the  crescent  across  its  concave  aspect.  This  is  probably  the 
remains  of  a  red  corpuscle,  and  the  crescent  forms  at  the  expense  of 
the  corpuscle. 

{(I)  Rosette-shaped  bodies.— These  are  spherical  bodies,  pigmented 
in  the  centre  and  regularly  segmented.  These  are  of  importance, 
according  to  Golgi,  as  representing  the  principal  mode  of  multipli- 
cation of  the  parasite. 

In  addition  to  these  forms  of  the  parasite,  leucocytes  containing 
pigment  are  to  be  seen.  The  development  of  the  parasite  outside 
of  the  human  body  in  its  definitive  host — the  mosquito — will  be 
found  fully  detailed  in  bacteriological  text-books. 

The  pathology  of  malaria  fevers  is  explained  by  the  action  of 
these  parasites.  Their  most  obvious  effect  is  destruction  of  the 
blood-corpuscles,  and  this  explains  the  anaemia  which  is  so  manifest 
in  malaria.  Melansemia  or  black  pigment  in  the  blood  has  long 
been  observed  in  malarial  cases,  and  it  finds  its  explanation  in  the 
pigment  granules  produced  by  the  parasite.  The  spleen  seems  to 
be  the  organ  in  which  the  parasite  mostly  congregates. 

The  heematozoa  sometimes  accumulate  in  the  smaller  vessels, 
especially  those  of  the  brain,  and  so  produce  embolism,  which  may 
be  of  a  temporary  character.  This  is  the  explanation  given  of 
certain  of  the  nervous  symptoms  in  malaria.  The  obstruction  may 
be  in  the  small  arteries  or  capillaries.  In  prolonged  attacks  the 
parasite  produces  in  certain  organs  the  phenomena  of  chronic  inflam- 
mation. This  is  chiefly  manifested  in  the  spleen,  where  there  is 
thickening  of  the  connective  tissue,  leading  to  an  induration  of  the 
organ,  the  so-called  ague-cake.  In  the  acute  periods  the  spleen  is 
enlarged  and  soft,  sometimes  diffluent.  Chronic  inflammations  of 
the  liver,  kidneys,  and  lung  sometimes  ensue. 

The  blood  may  be  examined  for  the  htematozoon  either  in  the  fluid  state  or 
after  drying.  The  finger  of  the  patient  should  be  carefully  washed  first  with 
water,  then  with  alcohol,  and  thoroughly  dried.  The  slide  and  cover  glass  should 
also  be  thoroughly  cleaned.  The  first  drop  of  blood  which  appears  after  pricking 
should  be  rejected  and  a  minute  drop  procured.  The  cover  glass  is  brought  in 
contact  with  this,  and  may  be  immediately  dropped  on  the  slide  and  examined 
fresh.  The  central  parts  keep  fluid  for  some  hours.  To  obtain  dry  prepara- 
tions the  cover  glass  with  a  small  drop  of  blood  is  at  once  placed  on  another 
cover  glass.  The  blood  spreads  out  in  a  thin  layer,  and  the  two  glasses  may 
be  separated  by  sliding  them  asunder  on  the  flat.  The  films  quickly  dry,  and 
are  fixed  by  passing  through  the  flame  of  a  lamp  three  times,  the  film  bemg 
uppermost.  A  good  way  of  fixing  is  to  place  on  the  film  a  few  drops  of  alcohol 
and  ether,  equal  parts,  and  allow  it  to  dry  (Eoux).    The  dry  film  may  be  examined 
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as  it  is,  and  may  be  fixed  on  a  slide  with  paraffin,  or  it  may  be  stained  with 
aqueous'  solution  of  methylene-blue,  or  first  with  an  aqueous  solution  of  eosin 
and  then  of  methylene-blue.    It  is  then  examined  dry  or  in  Canada  balsam. 

Hiematozoa  have  been  observed  in  some  of  the  lower  animals  by  a 
number  of  observers.  They  have  been  very  fully  described  in  birds 
(Danilewsky  and  others).  Hsematozoa  appear  to  be  very  frequent, 
and  they  occur  in  many  different  kinds  of  birds.  They  have 
a  general  resemblance  to  those  in  man,  but  they  present  such 
differences  from'  the  latter,  and  also  among  themselves,  as  to 
indicate  the  existence  of  many  different  species  of  the  parasite.  In 
Texas  fever,  a  disease  of  cattle,  hsematozoa  have  been  observed  by 
Smith.  This  disease  is  characterized  by  hsemoglobinuria,  and  is  ob- 
viously the  same  disease  as  that  observed  by  Babes  in  Hungary,  and 
described  by  him  under  the  name  Epidemic  hsemoglobinuria  of  cattle. 
The  author  finds  what  he  regards  as  a  diplococcus  which  passes  into 
the  substance  of  the  red  corpuscles  and  brings  about  their  destruction. 
The  parasites  are  mostly  in  the  blood-vessels  of  the  parenchymatous 
organs,  and  especially  of  the  kidney.  It  is  not  improbable  that  the 
parasite  here  concerned  may  be  a  protozoon. 

Literature. — L.  Pfeitpee,  Die  Protozoa  als  Krankheitserreger,  1891 ;  Butschli 
in  Bonn's  Classen  u.  Ordnungen  d.  Thierreiches,  1882;  Leuckabt,  Die  Menschl. 
Parasiten,  1886  (Transl.  by  Hoyle) ;  Keuse  in  Fliigge's  Mikroorganismen,  1896; 
WasielewsivI,  Sporozoenkunde,  1896.  Amaba  coli. — Losch,  Virch.  Arch.,  vol. 
Ixv.,  1875;  Kartdlis,  Centralbl.  f.  Bakter.,  ii.,  1887,  and  ix.,  1891;  Cooncilman 
and  Lafleub,  Johns  Hopkins  Hosp.  Eep.,  ii.,  1891 ;  Osler,  Pract.  of  Med.,  1892  ; 
Cramer,  Centralb.  f.  allgem.  Path.,  vii.,  1896;  Janowski,  Centralb.  f.  Bakt.,  xxi.. 
1897;  Lafleur,  Allbutt's  Syst.  of  Med.,  ii.,  1897;  Sodb6  in  20th  Century  Pract.  of 
Med.,  xvi.,  1899;  Davidson,  Encyclop.  Med.,  iii.,  1900.  Coccidia— Delepine, 
Trans.  Path.  Soc,  xli.,  1890;  Lbuckart,  Trans,  by  Hoyle,  1886;  Gubler,  Eeport 
in  Davaine,  Traite  des  entozoaires,  2nd  ed.,  1877,  p.  268  ;  Nocahd,  Journ.  of  Path., 
vol.  i.,  p.  404,  1893  ;  Daeier,  Ann.  de  Dermat.,  x.,  1889 ;  Wickham,  Arch,  de  path, 
exp^r.,  ii.,  1890;  Hutchinson,  Path,  trans.,  xli.,  p.  214,  1890;  Gilchrist 
and  KuzNiTzsKi,  Arch.  f.  Derm.  u.  Syph.,  xxxi.,  1,  2.  JTcBTjiaCosoa— Laveran, 
various  papers  dating  from  1881,  and  systematic  work  Paludism,  transl.  by  Syd. 
Soc,  1893;  Maechiafava  and  Celli,  various  papers  from  1883,  and  contribution 
to  Festschrift  of  Virchow,  1891;  Golgi,  Ziegler's  Beitrage,  iv.,  1889,  vii.,  1890; 
Danilewsky,  La  parasitologic  comparee  du  sang,  1889 ;  Ann.  de  I'Inst.  Pasteur, 
IV.,  1890  ;  Sakhakoff,  Ann.  de  I'Inst.  Pasteur,  vii.,  1893 ;  Smith,  Sixth  and 
Seventh  Keports  of  the  Bureau  of  Anim.  Industry,  Washington,  1891 ;  Babes, 
Virch.  Arch.,  vol.  cxv.,  1889;  Koch,  Zeitsehr.  f.  Hyg.  u.  Infektionskr,  xxxii., 
1899 ;  Marchufava  and  Bignami  in  20th  Cent.  Pract.  of  Med.,  xix.,  1900  ;  Nuttall 
Uiterature),  Centralb.  f.  Bakt.,  xxv.,  xxvi.,  xxvii.,  1899-1900.  In  Birds- 
Danilewsky,  Ann.  de  I'Inst.  Pasteur,  iv.,  1890;  Sakharoff,  ibid.,  vii.,  1893  ; 
loTlSs  ^^P^'-  Med.,  iii.,  79,  1898;  MacCallum,  ibid.,  iii., 
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II.— TREMATODA.  FLUKES. 

We  have  here  an  order  of  flat-worms  of  a  more  or  less  oval  shape, 
and  many  of  them  somewhat 'in  the  form  of  a  leaf.  They  possess, 
on  the  ventral  surface,  one  or  more  sucking  discs  by  which  they 
attach  themselves.  They  have  only  one  opening  of  the  alimentary 
canal,  which  is  generally  forked.  These  worms  are  commonly  called 
Flukes  from  the  resemblance  in  shape  of  the  commonest  of  them  to 
the  fish  of  that  name.  The  various  forms  inhabit  the  bile  ducts, 
except  the  Distoma  haematobium,  which  is  found  in  the  veins  of  the 
portal  system. 


Fi^        -Distonw  bepaticum.    Liver  of  cow.    The  gi;eatly  altered  bile  ducts  are 
shown.    In  the  smaller  illustration  they  are  filled  with  calcareous  matter. 

Distoma  Hepaticum.-This  is  the  commonest  worm  of  this  order.  As  the.  name 
iinplies,  it  is  met  with  in  the  liver,  where  it  inhabits  the  bile  ducts  (Fig.  23b).  Ihe 
liver  fluke  is  generally  about  an  inch  in  length  (Fig.  237)  and  rather  more  than  half 
an  inch  in  greatest  breadth.  The  body  is  very  flat,  and  anteriorly  it  ends  in  an 
legated  process,  forming  a  kind  of  head.  This  head  bears  the  mouth,  and  a 
hoTdistance  behind  it  comes  the  sucking  disc.  Between  these  ^^.XSZf 
of  the  sexual  apparatus,  both  male  and  female  organs  existing  in  ^^^^^  "-^-^^^^^^^^ 
The  uterus  forms  a  convoluted  tube  behind  the  sexual  °P--g^  ^"^^^j  ^^j^^^'  ^ 
tubules  lie  still  further  back.    This  parasite  is  very  common  m  certain  of  the 
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Fig.  -237. — Distoraa  hepati- 
cuiu.  The  larger  is  viewed 
from  the  ventral,  the  smaller 
from  the  dorsal  aspect.  Actual 
size. 


lower  animals,  especially  sheep.  It  occurs  in  enormous  numbers  m  the  bile  ducts, 
which  are  dilated  by  it.  As  many  as  1,000  have  been  obtained  from  a  single  indi- 
vidual. It  produces  in  sheep  the  disease  commonly  called  the  rot,  which  in  some 
years  is  very  fatal.  It  is  said  that  in  1830-31- between 
one  and  two  million  sheep  perished  from  it.  It  occurs 
also  in  oxen,  where  it  produces  more  considerable 
alterations  of  the  ducts.  These  become  greatly  dilated, 
thickened  by  inflammation,  and  encrusted  with  lime  (see 
Fig.  236).  It  sometimes  happens  that  masses  of  inspis- 
sated bile  and  lime  salts  form  in  the  liver  where  the 
flukes  are  present.  It  is  probable  that  in  these  cases 
many  of  the  parasites  have  died  and  become  themselves 
the  seat  of  incrustation.  This  fluke  has  also  been  met 
with  in  horses  and  asses,  and  in  some  rare  cases  in  man. 
In  man  it  has  not  been  observed  in  large  numbers, 
but  it  may  produce  serious  obstruction  of  the  bile  ducts. 

The  eggs  of  this  parasite  are  small  oval  bodies, 
which,  in  water,  develop  into  embryoes  which  swim 
about  by  the  aid  of  cilia.  The  intermediate  host  of  the 
distoma  hepaticum,  which  long  eluded  observation,  is  now  known  to  be  a  small 
gasteropod  possessed  of  a  thin  spiral  shell,  the  Limium  Irimcatula.  This  mollusc, 
the  shell  of  which  only  measures  about  1  cm.  in  length,  is 
almost  cosmopolitan  in  its  distribution. 

Distoma  lanceolatum. — This  form  of  fluke  is  less  than 
three-eighths  of  an  inch  in  length,  and  about  the  fifteenth 
of  an  inch  in  breadth.  It  is  seldom  seen  in  man,  occurs 
in  comparatively  small  numbers  in  sheep  and  cattle,  and 
produces  little  disturbance. 

Distoma  sinense  or  spathulatum.— This  para- 
site hcas  been  met  with  in  the  East,  and  described 
by  M'Connell  in  the  Lancei  in  1875,  and  inde- 
pendently by  Macgregor  in  the  Glasgmv  Medical 
Journal  in  1877.  It  is  a  much  smaller  worm  and 
is  of  a  more  elongated  shape  than  the  distoma 
hepaticum,  as  will  be  seen  from  Fig.  238.  It  is 
rather  more  than  half  an  inch  in  length,  and  about 
an  eighth  of  an  inch  in  greatest  breadth.  When 
seen  in  the  bile  in  the  fresh  state  the  edges  show 
a  beautiful  delicate  green  colour,  tinged  with 
yellow,  while  the  centre  is  of  a  deep  brown.  In 
the  accompanying  figure  the  position  and  appear- 
ances of  the  various  organs  are  indicated.  The 
eggs  are  very  small,  each  animal  possessing  thou- 
sands. This  parasite  is  of  very  frequent  occurrence 
m  China  and  Japan,  especially  the  latter,  where  it 
constitutes  a  serious  malady.    It  is  found  in  very 


Fig.  238._Di8toma  .si- 
nense :  a,  (esophagus  and 
stomach  tubes;  h,  uterus- 
c,  yolk  glands ;  d,  ovary  •' 
«,  testes;  7,  termination 
^Ir^^^y^''™''''' system. 
X  5.  (After  MA(:(iHE(!ou  ) 
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large  numbers  in  the  bile  ducts  and  gall-bladder,  and  produces  symptoms 
like  those  produced  in  animals  by  the  distoma  hepaticum.  The  liver 
enlarges  and  becomes  painful,  and  there  is  a  gradual  loss  of  strengtli 
and  nutrition.  Later,  diarrhoea,  ascites,  oedema  of  the  feet,  and 
general  cachexia  result. 

Distoma  pulmonale  or  Ringeri.— This  is  also  a  parasite  preva- 
lent in  Japan.  According  to  Manson  it  is  present  in  15  pei- 
cent,  of  the  inhabitants  of  Formosa.  It  is  a  short,  plump  worm  about 
1  cm.  in  length ;  the  transverse  section  is  nearly  circular,    It  is  found 


Fig.  239. — Bilharzia  ha;matobia.     Adult  Pig.  240. — Ova  of  Bilharzia  hajmatobia. 

male  and  female.    The  female  is  lying  in  the  From  the  urine,    x  200. 

gynsecophoric  canal. 


in  the  lungs  enclosed  in  little  capsules  formed  of  connective  tissue  It 
gives  rise  to  cough  and  haemoptysis.  In  the  sputum  the  eggs  of  the 
worm  are  present  sometimes  to  the  number  of  several  thousands  daily. 
A  case  has  been  recorded  by  Yamagiwa  in  which  the  ova  of  this 
parasite  produced  embolism  of  the  brain  with  symptoms  of  Jackson  iaii 
epilepsy. 

Distoma  haematobium. — This  parasite,  also  called  the  Bilharzia 
hgematobia,  has  the  male  and  female  organs  in  diiterent  individuals 
(see  Fig.  239).  The  male  is  about  half  an  inch  in  length,  and  flat,  but 
rolled  up  at  the  edges,  especially  behind,  so  as  to  form  a  kind  of  gutter 
— the  gynjecophoric  canal — in  which  the  female  lodges.    The  female 
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is  about  a  half  longer,  but  filiform.  The  eggs  are  small  and  fm'nished 
with  a  spine  at  the  end  or  at  the  side  (see  Fig.  240). 

The  parasite  inhabits  the  blood-vessels  of  its  host,  chiefly  the  portal 
vein,  the  splenic  and  mesenteric  veins,  and  those  of  the  rectum  and 
bladder.  The  ova  penetrate  the  walls  of  the  vessels  as  shown  in 
Fig.  241,  which  is  a  photograph  from  the  portal  vein.  The  penetration 
of  the  eggs  in  large  numbers  into  the  mucous  membrane  of  the 
rectum  and  urinary  bladder  produces  great  irritation  and  may  lead  to 
definite  tumour  formations.   Haemorrhage,  from  the  rectum  or  bladder, 


Fig.  -^41.— Ova  of  Bilharzia  hrematobia  in  tlie  wall  iif  the  portal  vein. 


X  (10. 


is  a  frequent  symptom.  Similar  irritation  may  be  produced  in  the 
pelvis  of  the  kidney  and  ureters.  The  eggs  are  found  often  in  large 
numbers  in  the  bloody  discharges  from  the  intestine  and  in  the  urine. 
This  parasite  is  met  with  in  Egypt  and  Abyssinia,  and  it  is  said  that  in 
Egypt  about  half  the  natives  are  victims  of  it.  During  the  recent  war 
in  South  Africa  a  considerable  number  of  our  soldiers  contracted  the 
disease. 

Literature.-LEDCKAiiT,  in  general.  Distoma  /ie/Ja«ic««i— Weinland,  Arch.  t. 
I^aturgeschichte,  ii.,  1874;  Thomas,  History  and  full  account,  Quar.  Jour,  of  Mic. 
W   ifi77  -Dw^o'naia-M'CoNNELL,  Lancet,  1875  ;  MACGHEGon,  Glas.  Med. 

'        '  ^^'^l-  l^lin-  Wochenschr.,  1883,  Die  Krankheit.  d.  Athemorgane, 
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Tokio,  1890;  Yamaoiwa,  Virch.  Arch.,  cxix.,  1890;  Manson,  Med.  Times  and  Gaz., 
1881  and  1882;  in  Allbutt's  Syst.  of  Med.,  ii.,  1897;  Guii.lemaed,  ibid.,  ii.,  1897. 
Peiper,  Lubarsch  and  Ostertag,  Ergebnisse,  iii.,  1897.  Huber,  20th  Cent.  Pract. 
of  Med.,  viii.,  1897.    Eitohie,  Encyl.  Medica,  ix.,  1901. 


III.— CESTODA.  TAPE-WOBMS. 

These  are  in  the  mature  state  long  flat  worms,  without  mouth 
or  alimentary  canal.  Anteriorly  there  is  a  head  furnished  with  some 
apparatus  for  attaching  itself  to  the  host.  Behind  the  head  and  neck 
are  a  series  of  segments  called  Proglottides,  each  of  which  develops 
a  lii-sexual  apparatus,  and  is,  so  far,  a  complete  individual.  The  adult 
worm  or  Strobilus  is  therefore  a  colony  of  individuals.  The  worm 
inhabits  the  alimentary  canal,  and  apparently  occurs  only  in  vertebrate 
animals.  Besides  this  adult  form  there  is  an  intermediate  immature 
form,  called  the  Scolex,  which  occurs  in  the  tissues  of  animals.  The 
scolex  has  a  head  like  that  of  the  mature  worm,  and  generally  possesses 


Fig.  242.— Cysticerci  of  tajiiia  solium  in  uui.scle.  Niitural 
size.  (Lkuckakt.) 


Fig.  243. — Ccenurus  of 
taiuia  .serialis  from  peri- 
toneal cavity  of  a  rabbit. 
Many  beads  in  a  single 
cyst.    (Natural  size.) 

a  sac  or  cyst  into  which  it  can  retire.  In  the  case  of  many  of  the  tape- 
worms the  scolex  form  has  been  described  independently  of  the  adult, 
and  often  in  ignorance  of  the  connection,  under  the  name  of  Bladder- 
worms  There  is  thus  a  bladder-worm  for  each  tape-worm.  The 
bladder-worms  of  the  various  tape-worms  are  divisible  into  three 
principal  forms,  namely,  Cysticercus,  in  which  each  cyst  has  a  single 
head,  and  is  therefore  small  in  size  (see  Fig.  242) ;  Ccenurus  m  which 
the  bladder,  although  single,  develops  several  heads  (see  l  ig.  243) ;  and 
Echinococcus  or  hydatids,  in  which  there  are  complicated  vesicles,  and 
the  heafls  are  grouped  inside  secondary  cysts. 
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There  are  representatives  of  two  families  of  tape-worms  met  with  m 
man,  namely,  Tieiiia  and  Bothriocephalus.  To  prevent  repetition,  the 
general  anatomical  featm-es  will  be  somewhat  fully  given  in  the 
description  of  the  form  taken  first. 

1.  Tsenia  solium.— This  form  is  of  very  common  occurrence  in  this 
country,  but  that  taken  next  is  probably  as  frequent,  if  not  more  so. 
The  strobilus  or  mature  worm  occurs  in  the  alimentary  canal,  and 
the  head  is  usually  situated  in  the  duodenum  or  upper  part  of  the 
jejunum,  while  the  rest  of  the  animal  extends  downwards  in  the  canal, 
attaining  on  an  average  a  length  of  from  ten  to  twelve  feet.    As  already 


Fig.  244.— Head  of  T.  suliuiii. 
X  45.  (Leuckart.) 


Fig.  245. — Two 
ripe  proglottides 
of  T.  solium,  witli 
bi'aiiches  of  uter- 
us shown.  X  "2. 
(Lkuokart.) 


mentioned,  this,  like  other  tape-worms,  has  no  alimentary  canal,  and 
supports  itself  by  imbibition  of  nutritious  material  from  the  intestine. 

The  head  of  the  worm,  which  is  represented  in  Fig.  244,  is  about  the 
size  of  a  pin's  head,  and  of  a  generally  rounded  form.  In  front  it  is 
prolonged  so  as  to  form  a  proboscis  or  rostellum,  which  is  surrounded 
by  a  circle  of  twenty-six  booklets,  which  are  alternately  larger  and 
smaller  (see  Fig.  244).  The  wide  part  of  the  head  has  four  large 
sucking  discs.  On  the  head  follows  a  narrow  neck,  which  is  so  thin 
that  it  readily  breaks  when  -the  worm  is  handled,  rendering  it  difficult 
to  obtain  the  small  head.  The  proper  neck  is  about  half  an  inch  in 
length,  and  it  gradually  merges  in  the  anterior  part  of  the  body,  in 
which  fine  transverse  lines  l)egin  to  appear  as  the  first  indications 
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of  the  formation  of  segments.  On  passing  down,  the  worm  increases 
in  br'eadth,  while  the  segments  elongate  and  become  more  completely 
divided.  At  first  the  segments  or  proglottides  are  homogeneous  in 
appearance,  but  by  and  by  the  sexual  apparatus  begins  to  appear. 
The  total  number  of  segments  in  a  worm  ten  feet  in  length  is  about 
800.  The  sexual  apparatus  begins  to  appear  about  the  200th  segment 
from  the  front,  and  is  mature  about  the  450th ;  it  consists  of  the 
male  and  female  organs,  which  are  present  in  each  segment.  In 
the  fully  matured  segment  the  ova  are  visible,  and  when  a  proglottis 
is  dried  on  a  glass  slide  they  indicate  the  form  of  the  uterus,  which 
in  this  tapeworm  consists  of  a  central  stem  and  ramifying  lateral 
branches  to  the  number  of  seven  to  ten  (see  Fig.  245). 

The  male  organs  consist  of  a  large  number  of  vesicles  scattered  throughout  the 
segment,  as  shown  in  Fig.  246,  but  more  abundant  anteriorly,  as  the  female  organs 
occupy  the  space  behind.  The  vesicles  are  connected  with  fine  seminal  tubules, 
which  are  difficult  to  make  out,  and  are  shown  in  the  figure  as  fine  branching  lines. 
These  end  in  a  slightly  convoluted  tube,  the  vas  deferens,  which  is  generally  very 
distinct,  and  this  passes  across  the  segment  to  the  papilla,  a  slight  projection  at  the 
side  of  the  segment  into  wbich  the  male  and  female  sexual  organs  open.  At  the 
papilla  the  vas  deferens  ends  in  a  projectile  penis,  which  is  capable  of  passing  into 
the  extremity  of  the  female  organ,  the  first  part  of  which  is  called  the  vagina. 
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Fig.  247.— Theglobulai- 
iDody,  or  Jlellis's  body 
imd  its  connections.  See 
Pig.  246.— Unripe  proglottis  of  T.  solium  te^t.  X  30.  (Leuokakt.) 

showing  sexual  organs.  The  small  vesicles 
scattered  thi-oughout  are  the  male  organs. 
The  other  structures  shown  are  seminal 
tubes,  vagina,  globular  body,  yolk  body, 
ovaries,  and  unbranched  utei-us.  x  10. 
(Ledckart.) 

The  vagina  forms  a  canal  which  passes  transversely  across  the  segment  towards 
the  middle  line  and  tends  also  backwards,  to  end  in  a  somewhat  globular  dilatation, 
sometimes  called  the  Glotoular  body  or  shell-gland,  or  Mellis's  body.  The  connec- 
tions of  this  body  are  difficult  to  make  out,  but  they  may  be  stated  as  follows,  and 
understood  by  the  annexed  Figs.  24C  and  247.  In  the  posterior  part  of  the  segment, 
as  shown  in  Fig.  246,  are  seen  on  either  side  the  comparatively  large  ovaries, 
forming  tree-like  expansions,  consisting  of  a  congeries  of  closed  tubes.  The  ovaries 
have  ducts  which  pass  into  the  globular  body.  Behind  the  ovaries  and  the  globular 
body  is  the  yolk  gland,  which  is  of  a  somewhat  pyramidal  shape  and  spread  out 
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laterally.  This  also  communicates  with  the  globular  body  in  front  of  it.  Besides 
these  communications  the  globular  body,  which  is  thus  the  central  part  of  the 
female  organs,  communicates  with  the  uterus  in  front.  At  the  period  of  develop- 
ment shown  in  figure  the  uterus  consists  of  a  simple  tube  extending  longitudinally 
in  the  middle  of  the  segment.  It  will  thus  be  observed  (Fig.  247)  that  the  globular 
body  has  communication  with  four  distinct  structures,  a  with  the  yolk-sac,  /)  with  the 
ovaries,  c  with  the  vagina,  and  d  with  the  uterus.  The  eggs  pass  from  the  ovaries 
first  into  the  globular  body,  where  they  receive  a  covering  of  yolk,  are  fertilized,  and 
undergo  the  beginning  of  their  development.  Then  they  pass  into  the  uterus, 
which  they  fill  up.  As  the  ova  accumulate  in  the  uterus,  this  begins  to  throw  out 
lateral  branches  to  the  number  of  seven  to  ten  (see  Fig.  248).  The  lateral  branches 
often  show  considerable  ramifications  in  this  respect,  and  in  their  number  con- 
trasting with  those  of  the  next  tape- worm.  In  the  fully  mature  proglottis  only  the 
uterus  crowded  with  ova  is  visible,  the  remaining  organs  having  disappeared  (see 
Fig.  245).  The  prominent  ova  often  make  the  position  and  shape  of  the  uterus  very 
distinct,  especially  if  the  proglottis  be  spread  out  on  a  glass  slide  and  allowed 
to  dry. 


Yig,  24S.  Proglottis  of  T  hard  brown  shell  is  indicated. 

solium,  showing  branching  of  (Leuckabt.) 
uterus.    X  5. 


Besides  the  sexual  organs  th^  proglottides  possess  muscular  fibres,  and  a  water- 
vascular  system.  The  muscle  is  non-striated,  and  consists  of  longitudinal  and 
transverse  bundles.  The  water-vascular  or  excretory  system  (shown  in  Figs.  246 
and  248)  is  in  the  form  of  tolerably  wide  channels,  which  begin  at  the  head  and  are 
continued  through  the  proglottides  by  two  lateral  channels  right  down  to  the  last, 
where  they  open  outwards.  Near  the  posterior  extremity  of  each  proglottis 
the  tubes  form  transverse  communications  (see  figures).  It  is  possible  to  inject 
these  tubes  from  above  downwards,  but  not  from  below  upwards.  In  addition,  the 
proglottides,  as  well  as  the  head  of  the  worm,  possess  numerous  round  or  oval  cal- 
careous bodies,  which  are  mainly  in  the  superficial  layers  of  the  parenchyma. 

As  the  proglottides  become  mature  they  sever  their  connection  with 
the  worm  and  drop  off  from  its  lower  extremity  one  by  one.  They  pass 
down  the  alimentary  canal,  and  are  discharged  with  the  ffeces,  or  else 
work  their  way  out  through  the  anus  by  virtue  of  their  contractile  power, 
^or  a  short  time  after  discharge  they  still  show  a  writhing  movement, 
but  they  soon  come  to  rest  and  die.  By  the  decomposition  of  the  pro- 
glottis the  ova  are  set  free  and  are  ready  under  suitable  circumstances 
to  develop  further. 

It  IS  mostly  in  the  bodies  of  swine  that  the  taenia  solium  passes 
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through  the  next  phase  of  its  de\'elopnient,  although  sometimes  it 
occurs  in  man. 

The  Ova  (Fig.  249)  are  surrounded  by  a  dense  shell  of  a  brownish 
colour.  Inside  the  shell  the  egg  develops  an  embryo  which  acquires  six 
boring  spines.  When  such  ova  get  into  the  intestinal  canal  of  the  pig, 
the  shell  bursts,  and  the  embryo  with  its  spines  escapes.  It  pi-oceeds 
to  bore  its  way  outwards,  and  after  piercing  the  alimentary  canal,  it 
finds  its  way  to  the  muscles  of  the  animal  where  it  finds  a  lodgment. 

Arrived  at  its  desired  seat,  the  embryo  comes  to  a  state  of  rest,  and 
after  a  time  develops  into  the  scolex,  or  Bladder-worm,  which  is,  in 
the  case  of  this  species,  called  the  Cysticercus  cellulosae.  The  appear- 
ance of  these  cysticerci  in  the  muscular  tissue  is  shown  in  Fig.  242, 
which  is  drawn  of  the  natural  size.    The  complete  cysticercus  or  scolex 


Fig.  250. — Head  of  cysticercus  cellulosai  found  in  substance  of  brain.    X  00. 

is  composed  of  a  sac,  connected  with  which  is  a  head,  which  closely 
resembles  the  head  of  the  mature  worm,  and  possesses  similar  booklets 
(Figs.  250"  and  251). 

The  Cysticercus  cellulosae  occasionally  develops  in  the  human 
subject.  It  occurs  chiefly  in  the  brain,  in  the  eyeball,  and  in  muscle. 
In  rare  cases  the  cysticercus  assumes  in  the  brain  a  very  peculiar 
character.  The  cyst,  developing  in  the  membranes  on  the  surface  of 
the  brain,  presents  pouches  and  swellings  which  give  it  somewhat  the 
character  of  a  bunch  of  grapes,  and  so  has  arisen  the  designation 
Cysticercus  racemosus.  Heads  are  seldom  found  in  these  bunches, 
and  at  most  there  is  but  one,  which  has  the  characters  of  that  of  the 
taenia  solium.  The  cysticercus  is  usually  surrounded  by  a  connectn'o- 
tissue  capsule  which  is  produced  from  the  surrounding  tissue  and 
encloses  both  cyst  and  head,  but  not  infrequently,  especially  in  the 
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brain  and  eyeball,  it  is  devoid  of  this  secondary  capsule.  In  that  case 
the  vesicle  sometimes  grows  to  considerable  dimensions,  and  the  head 
is  able  to  protrude  itself  and  move  about  in  various  directions,  perhaps 
in  the  ventricle  of  the  brain  or  the  eyeball.  In  these  parts  the  scolex 
may  produce  considerable  disturbance. 

Although  capable  of  a  considerable  duration  of  life,  after  a  tim6 
the  scolex  usually  dies,  and  then  it  shrinks  and  becomes,  probably, 
iocrusted  with,  lime  salts. 


Fig.  i-Tl. — Hiioks  from  head  of  cysticevciis  cellulosai.     x  350. 

The  observations  of  Leuckait  and  others  have  thrown  much  light  on  the  develop- 
ment of  the  scolex,  as  they  are  based  on  actual  experiments  in  which  swine  were 
fed  with  the  ova. 

In  the  first  place  a  vesicle  or  cyst  is  formed  in  the  muscle.  After  a  time  a  slight 
thickening  of  the  wall  of  the  cyst  appears.  This  grows  inwards  into  the  cyst, 
carrying  with  it,  however,  the  external  wall,  so  that  the  projection  inwards  is 
hollow  with  an  internal  canal  continuous  with  the  external  surface  of  the  cyst,  and 
so  opening  externally ;  this  is  shown  in  Fig.  252,  where  a  portion  of  the  wall  of  the 
cyst  is  preserved,  and  the  projection  is  shown  with  its  internal  cavity  communi- 
cating with  the  surface  of  the  cyst.  This  projection  enlarges,  and  by  and  by  the 
peculiar  structures  of  the  head,  namely,  the  four  sucking  discs  and  the  booklets, 
show  themselves.  But  these  are  formed  inside  the  canal,  near  its  inner  extremity, 
and  they  are  in  an  inverted  position  as  compared  with  those  of  the  mature  tape- 
worm. The  head  with  its  booklets  is  thus  at  the  bottom  of  the  canal,  and  the  four 
suckers,  looking  towards  each  other,  follow.  After  a  time  the  head  acquires  the 
power  of  inverting  itself  outwards,  and  thus  projecting  from  the  vesicle,  or  again 
withdrawing  itself  within  the  vesicle  as  before.  This  is  effected  by  means  of 
muscular  fibres.  For  the  completion  of  this  phase  of  development  a  period  of  from 
three  to  four  months  is  required  from  the  time  of  the  ova  being  taken  into  the 
alimentary  canal. 

When  living  scolices  are  taken  into  the  alimentary  canal  of  man,  in 
the  first  place,  the  vesicle  and  everything  but  the  head  and  neck  are 
lost,  and  we  have  a  small  creature  which  has  considerable  powei'  of 
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elongating  and  moving  about  its  suckers,  as  shown  in  Fig.  253.  The 
head  now  fixes  itself  to  the  wall  of  the  alimentary  canal,  and  the  body- 
begins  to  develop  from  its  posterior  extremity.  It  takes  eleven  or 
twelve  weeks  for  the  worm  to  assume  its  full  dimensions,  and  at  the 


Fig.  252. — Cysticercus  with 
beginning  of  develoipmeut  of 
liead.  A  portion  of  the  origi- 
nal cyst  is  shown  with  the 
projection  inwards  of  a 
hollow  process  which  com- 
municates externally,  x  25. 
(Lehckart.) 


Fig.  2.53. — A  single  head  of  tienia  solium  be- 
fore segmentation  has  begun.  It  shows  move- 
ments of  its  suckers,  etc.   X  25.  (Leuckart.) 


end  of  that  time  it  begins  to  shed  proglottides.  The  worm  is  of  toler- 
ably long  life,  and  may  inhabit  the  intestine  of  its  host  for  many  years. 
It  not  infrequently  happens  that  several  co-exist  in  the  same  person  ; 
as  many  as  30  or  40  have  been  observed. 

2.  Taenia  mediocanellata  or  saginata.— This  worm  has  a  strong 

resemblance  to  the  tsenia  solium,  and 
in  Britain  it  is  probably  more  common 
than  the  latter,  this  being  connected 
■with  the  beef-eating  character  of  our 
countrymen. 

The  strobilus  is  a  larger  worm  than 
the  tsenia  solium,  measuring  from 
about  thirteen  feet  in  the  contracted 
state  to  about  twenty-four  feet  when 
extended.  Fig.  254  shows  the  head 
and  neck  of  this  worm.  The  head 
has  no  rostellum  or  circle  of  hooks,  but 
it  possesses  four  large  sucking  discs 
which  are  usually  surrounded  by  zones 
of  pigment.  In  the  greater  part  of 
the  worm  the  segments  are  broader 
than  they  are  long,  attaining  a  breadth 

254.  — Head  of  tfenia  mediocanellata.    of  about  half  au  iuch.     But  aS  WC  COmC 

to  the  fully  mature  proglottides  \vith 
embryoes  in  the  uterus,  then  they  are  considerably  elongated  and  at 
the  same  time  narrower.  The  number  of  segments  is  greater  here 
than  in  the  t^nia  solium,  reaching  as  high  a  figure  as  1300.  There 
are  generally  about  eight  discharged  from  the  posterior  extremity 


Fig. 
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daily,  and  these  very  often  find  their  way  outwai'ds,  through  the 
anus,  by  their  own  movement.  The  worm  may  live  for  many  years, 
at  least  as  long  as  eleven,  and,  as  some  assert,  up  to  twenty  or  even 
thirty  years. 


Pig.  255. — Transverse 
section  of  proglottis  of 
tffinia  saginata.  At  the 
upper  end  is  the  genital 
pore.  Beneath  it  is  the 
water -vascular  canal. 
In  the  middle  the  cen- 
tral stem  of  the  uterus 
is  shown.     x  S. 


Pig.  25(1.— Prismatic  malformation  of  taenia  sagi- 
nata in  transverse  section.  There  are  three  equal 
limbs.  The  uterus  has  a  common  stem  in  the  middle 
Tlie  water-vascular  canals  are  seen  in  section  near 
the  end  of  each  limh.     x  8. 


The  sexual  organs,  except  the  uterus,  are  essentially  the  same  as  in 
the  taenia  solium.  The  uterus,  however,  presents  in  the  mature  pro- 
glottis a  much  larger  number  of  lateral  offsets,  as  many  as  twenty  to 
thirty,  and  these  mostly  branch  dichotomously  instead  of  ramifying 

Ihis  tape-worm  is  liable  to  certain  malformations,  such  as  super- 
numerary joints  inserted  irregularly  between  the  normal  ones  The 
mo«t  pecuhar  malformation  is  the  prismatic  variety  of  the  worm, 

tt  band  bT r        ^'^^     — -  : 

stmetur.'"'''r^'''"'"^           "^'^  P^«i^°^i"g  borders, 

pore     at  tl            "                      ^^^^"^^^  the  sexual 

?n  Glas  Iti  T  ''"^'^              *be  projections.  (See  case  by  author 
vjrias.  iVied.  Jour.,  xxxv.,  1891.) 
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The  scolex  form  of  this  worm  is  found  chiefly  in  cattle,  and  is  hence 
sometimes  called  the  Cysticercus  bovis.  It  inhabits  mostly  the 
muscles,  but  is  also  met  with  in  other  organs.  The  cysticercus 
measures  about  the  third  of  an  inch,  and  is  of  a  roundish  shape.  It  is 
not  known  to  occur  in  man. 

3.  Taenia  echinococcus.— In  the  strobilus  form  this  is  a  commratively 
insignificant  worm  (Fig.  2.57).  It  inhabits  the  dog,  and  'there  are 
generally  several  individuals  present  at  the  same  time.  The  total 
length  of  the  worm  is  about  an  eighth  of  an  inch,  and  it  consists  only 
of  four  segments,  including  that  which  carries  the 
head.  In  the  fully  developed  state  the  last  segment 
exceeds  in  length  the  rest  of  the  woim  altogether 
(see  figure).  The  head  is  like  that  of  the  t^nia 
solium  in  miniature,  being  very  much  less  in  size. 
It  has  a  rostellum  with  thirty  to  forty  hooklets,  and 
four  sucking  discs.  The  last  segment  develops  a  large 
number  of  eggs— as  many  as  5000. 

These  eggs  develop  the  usual  embryoes  with  six 
spines,  and  if  they  find  their  way  into  the  intestinal 
canal  of  man,  they  pass  out  into  the  tissues.  Settling 
in  some  organ  of  the  body,  they  show  the  most 
extraordinary  powers  of  development,  producing  the 
condition  commonly  called  Hydatids. 

Hydatids  occur  in  the  form  of  large  cysts,  often 
of  very  complex  arrangement,  and  they  should  be 
carefully  distinguished  from  the  cysticerci,  which 
form  small  cysts  not  more  than  half  an  inch  in  size.  The  hydatids 
occur  in  the  majority  of  cases  in  the  liver.  Neisser  has  collected 
no  less  than  986  cases  of  hydatids  in  man,  and  he  gives  the  scale 
■of  frequency  in  the  difierent  organs  as  follows  :  Liver,  451  ;  lungs 
and  pleura,  84 ;  kidneys,  80 ;  muscle  and  subcutaneous  tissue  (includ- 
ing the  orbit),  72  ;  brain,  68 ;  spinal  cord,  13  ;  female  organs  of  genera- 
tion (including  the  mamma),  44;  male  organs,  6;  pelvis,  36;  organs  of 
circulation,  29;  spleen  and  bones,  28;  eye,  3.  Finsen  found  in  Iceland 
that  the  lungs  were  affected  only  in  3  per  cent,  of  the  cases. 

When  the  embryo  reaches  the  liver  or  other  resting-place,  it 
soon  develops  into  a  cyst  which  at  first  is  of  slow  growth.  The 
membrane  of  the  cyst  is  of  considerable  thickness,  and  consists  of 
an  external  stratified  cuticle  (the  ectocyst),  and  an  internal  par- 
enchymatous layer  containing  muscular  fibre  and  a  vascular  system 
(the  endocyst).  Inside  the  original  vesicle  arise  very  frequently 
secondary  vesicles,  and  inside  these  even  tertiary  ones,  the  successive 


Fig.  257.— Adult 
taenia  echinococcus. 
X  12.  (Leuckart.) 
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vesicles  being  sometimes  spoken  of  as  daughter  or  grand-daughter 
vesicles.  It  sometimes  happens  that  the  secondary  vesicles  project 
outwards,  and  form  a  series  of  external  vesicles  which  may  separate 
from  their  mother  and  attain  an  independent  development  alongside  of 
her.  This  latter  form  is  particularly  common  in  the  domestic  animals, 
and  it  is  variously  designated  exogenous  hydatids,  and  echinococcus 
scolecipariens  or  granulosus.  Hydatids  in  bone  usually  assume  the 
form  of  exogenous  cysts  (Targe tt).  There  is  a  third  or  alveolar  form 
which  has  been  met  with  in  man,  and  always  in  the  liver.  In  it  the 
parasite  develops  a  congeries  of  small  vesicles,  from  the  size  of  a  grain 
of  wheat  to  that  of  a  pea.  These  are  embedded  in  a  gelatinous  matrix 
and  sometimes  possess  gelatinous  contents.  As  the  whole  is  surrounded 
by  a  firm  fibrous  capsule,  the  tumour  is  a  somewhat  solid  one,  and  on 
section  presents  a  peculiar  alveolar  appearance.  This  should  be  par- 
ticularly borne  in  mind,  as  the  condition  has  been  frequently  mistaken 
for  a  tumour,  especially  before  Virchow  demonstrated  its  true 
nature. 

Except  in  the  case  of  the  alveolar  form,  the  vesicles,  both  primary 
and  secondary,  enlarge  very  much  and  give  rise  to  tumours  of  very 
large  dimensions,  so  as  sometimes  to  produce  serious  disturbance  by 
their  mere  size.  Those  of  the  liver  are  usually  the  largest,  and  they 
may  come  to  weigh  as  much  as  twelve,  twenty,  or  even  thirty  pounds. 
The  simple  vesicles,  in  which  no  daughters  develop,  attain  the  size 
of  an  orange  or  a  fist. 

In  all  forms  of  hydatids  the  whole  parasite  is  surrounded  by  a  fibrous 
capsule,  developed  by  the  organ  in  which  it  has  its  seat.  As  the  cysts 
enlarge,  this  also  increases  in  size. 

The  formation  of  the  heads  of  the  worms  diflTers  in  certain  respects 
fi'om  that  of  the  other  taenia..  In  the  Myalls  of  the  vesicles,  either 
primary  or  secondary,  are  to  be  seen, 
when  they  are  perfectly  fresh,  a  number' 
of  small  white  points  which  have  their 
seat  in  the  internal  wall.  These  are  not 
the  heads  but  the  Brood-capsules  or  pro- 
hgerous  vesicles  in  the  walls  of  which  the 
echinococcus  heads  grow. 

Thp  ViooJo  u    ■     ,  258.— Diagrammatical  iUustra- 

-lae  Hearts  begin  see  Fig.  258,  in  which  thf>  t'""  "f.  development  of  echinococcu.s 

development   of    hp«rl«    ;^  u    '    "  '^'^'^'^  heads  m  brood-capsules.    a,  Wall  of 

<;hn«,r.T  brood-capsules    is  ^  brood-capsules,  with  heads 

and  comm    •  projection  is  hollow, 

inside  this  ZTelt^oH^                   °'        brood-capsule.  The  head  develops 

acquires  the  power"  f'               "           °^  ^^d  very  soon 

power  of  inverting  itself.    When  it  does  so,  it  projects  into  the 
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brood-capsule,  so  that  in  this  respect  the  brood-capsule  is  not  like  the  cyst  of 
the  cysticercus,  as  the  scolex  projects  outwards  from  the  latter.  A  single  brood- 
capsule  develops  several  heads-up  to  twelve-and  they  may  be  found  either  in  the 
extended  or  inverted  position.  All  the  heads  are  contained  in  brood-capsules,  but 
if  after  death  or  during  removal  the  brood-capsule  bursts,  then  an  appearance  may 
be  produced  as  if  the  heads  were  attached  to  the  wall  of  the  cyst  itself.  If  the 
capsule  burst,  its  remains  may  gather  round  its  stalk  and  the  heads  stand  up  from 
this  as  in  Fig.  259,  b  b.  Heads  may  also  be  found  lying  free  if  the  capsules  have 
burst.  It  is  to  be  added  that  sometimes  the  vesicles  remain  barren,  neither  brood- 
capsules  nor  heads  developing  in  them.    These  are  the  so-called  Acephalocysts. 

It  is  ail  interesting  fact,  that  although  the  bursting  of  a  hydatid 
cyst  or  the  drawing  oif  of  its  fluid  generally  causes  the  death  of 
the  parasite,  after  rupture,  the  parasite,  passing  into  the  peritoneal 
cavity  may  live  as  minute  vesicles,  or  grow  so  as  to  produce  cysts  as 
large  as  the  fist. 


Fig.  259. — Brood-capsules  iu  connection  with  walls  of  vesicle,    a,  A  capsule  in 
normal  unruptured  state  ;  b,  b,  ruptured  capsules,    x  40.  (Leuckart.) 

The  heads  which  are  formed  in  vast  numbers  are  exactly  like 
those  of  the  mature  worm  (see  Fig.  259).  They  are  very  minute 
objects,  measuring  about  ^^th  of  an  inch  in  their  long  diameter, 
and  are  just  visible  to  the  naked  eye.  They  possess  a  proboscis 
with  a  ring  of  booklets,  and  four  suckers.  They  are  also  provided 
with  a  water-vascular  system,  and  in  their  parenchyma  abundant  cal- 
careous particles  are  to  be  found. 

Dead  and  shrunken  hydatids  are  more  frequently  met  with  in  this 
country  than  active  ones.  The  animal  may  die  spontaneously,  or  be 
killed  by  the  fluid  which  fills  the  vesicles  being  drawn  oft'.  In  that 
case  the  vesicles  shrink,  and  their  contents  become  converted  into  a 
fatty  debris,  which  afterwards  may  become  infiltrated  with  lime  salts. 
In  this  way  the  hydatid  mass  may  be  represented  by  a  cyst  filled  with 
atheromatous  material  (see  Fig.  260),  This  may  dry-in,  and  at  last  we 
may  have  nothing  left  but  a  stony  or  mortarlike  mass,  in  Avhich  careful 
search  may  still  discover  calcified  heads  and  booklets  (Fig.  261). 
Besides  the  distinctive  booklets,  or  even  without  them,  there  are 
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usually  in  these  old  cysts  portions  of  the  chitinous  membrane  or  cuticle 
of  the  parasite.    (See  Fig.  262,  in  which  by  shrinking  of  the  whole 


Fig.  261. — Hooks  from  tsenia  eebinococous. 
X  350. 


Fig.  260.— Portiou  of  livei-  with  oollapsod  and 
calcified  hydatid  cyst.    Natural  size. 
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w  separated  fron^L  es7on  hV  ^r"''        ^^'^        is  liver  tissue  which 

stratified  uiembraue  of  tC ^J'^  -T""^  ^'^^"^  °^  connective  tissue.  Within  this ^the 
calcified  heads  of  the  parasite      x*s'.  ""^  ^^'^^  spots  Se  deld  and 
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lesion,  the  stratified  chitinous  membrane  has  been  thrown  into  folds. 
The  dead  and  calcified  heads  are  also  shown  as  opaque  bodies.)  As 
this  chitinous  membrane  is  very  resistant  it  may  be  found  in  the  midst 
of  the  grumous  contents  and  enable  the  structure  to  be  recognized. 
In  some  cases  the  diagnosis  is  made  chiefly  by  flakes  of  this  membrane 
being  foimd,  the  search  for  booklets  being  in  vain. 

In  regard  to  the  distribution  of  the  echino- 
coccus,  it  is  of  pretty  frequent  occurrence  in  all 
known  lands,  but  it  is  particularly  common  in 
Iceland,  where  the  men,  living  in  close  com- 
panionship with  the  dogs,  are  much  exposed  to 
infection.  It  is  also  very  common  in  Australia 
and  the  neighbouring  colonies. 


Pig.  263. —Head  and  portion  of  body  of  Both- 
riocephalus  latus.    x  8.  (Leuckaht.) 


Bothriocephalus  latus. — This  is  the 
largest  tape-worm  which  occurs  in  man. 
It  attains  a  length  of  from  16  to  26  feet, 
.and  possesses  from  3,000  to  4,000  seg- 
ments, which  are  mostly  much  broader 
than  long,  although  the  last  ones  (see 
Fig.  264)  become  longer  and  narrower  so 
as  to  assume  more  of  a  square  shape. 
The  breadth  at  the  widest  part  is  about 
half  an  inch.  The  worm  is  also  thick 
and  heavy. 

The  head  (Fig.  263)  is  oval,  and  about 
the  twenty-fifth  of  an  inch  in  breadth. 
It  is  blunt  at  the  extremity,  and  possesses 
neither  booklets  nor  suckers,  but  fixes  itself  by  means  of  a  slit-liko 
groove  on  either  side  of  the  head  (see  figure). 

The  sexual  organs,  and  especially  the  uterus,  occupy  the  middle  part 
of  each  segment,  where  they  form  a  rather  prominent  knot  or  rosette 


Fig. 
latus. 


2li4.  —  The  Bothriocephalus 
Natural  size.  (Leuckart.) 
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(Fig.  265).  The  uterus  is  composed  of  a  convoluted  tube,  which  gives 
the  rosette-like  appearance  just  mentioned.  The  sexual  organs  open 
in  the  middle  line  near  the  anterior  extremity  of  the  proglottis.  The 
eggs  are  oval  in  form,  and  are  covered  by  a  brown  shell. 

This  worm  is  rarely  met  with  in  Britain.  It  is  frequent  in  Sweden, 
Eussia,  Switzerland,  and  Japan.  It  is  specially  in  fish-eating  districts 
that  it  occurs. 


Pig.  265.— Proglottis  of  Bothriocephalus  latus,  showing  female  organs.  x  12 
(Leuckart.) 


The  scolex  form  of  the  ■worm  long  eluded  observation.  It  was  known  that  a  six- 
spined  embryo  formed  in  the  eggs  in  the  usual  way,  but  the  habitat  of  the  cysti- 
cercus  was  unknown.  Braun  has  finally  demonstrated  its  existence  in  the  pike. 
In  some  localities  every  individual  pike  contains  many  scolices.  It  has  also  been 
found  in  some  other  fish.  It  was  found  in  the  muscles,  sexual  organs,  liver,  spleen, 
etc.,  of  these  fish.  Braun  proved  that  it  was  the  scolex  of  this  animal  by  feeding 
dogs  with  it.    A  tape-worm  identical  with  the  bothrioeephalus  developed. 

This  worm  is  of  rather  frequent  occurrence  in  Switzerland  and  north- 
east Europe,  but  it  is  not  unknown  in  this  country.  The  frequency  of 
fresh-water  lakes  in  Switzerland  explains  its  common  occurrence  there, 
the  fish,  which  form  the  hosts  of  the  scolex  stage,  being  used  as  an 
article  of  diet.  Like  the  other  tape-worms,  the  mature  worm  occurs 
in  the  small  intestines. 

Several  other  small  and  infrequent  tape-worms  have  been  met  with  in  man 
The  Taema  nana  has  been  observed  in  Egypt  and  Italy.    It  is  very  small 

scarcely  an  mch  in  length,  and  about  the  fiftieth  of  an  inch  in  breadth  ll 

possesses  a  rostellum  with  booklets  and  four  sucking  discs 

J^ul^^ir"'t~^'  ^'^^^^■"•'•^  "  «l^"<i-n  in  America 

h"al  ''The  r  1  r  :  ^'"^^^  one-twentieth  of  an  inch  in 

■gala"  oa^t  T°T'f  ^r'^'^'^  "^^^^  -  -l^^d  °"  the  Mada- 

Taiil  of  ^'^^       ^^^d  i«       yet  known 

a  -^e  lu~ra%~!d  7^"  1  '  *°  ^'^^'^^  P~ 
These  are  son  what' ht  th  1  *°  "'^"'^^^  °'  '^^-^  ho- 
over the  protrulina    1,  1  '  '''"^^'^  ^"^^^       ^^'^P^'  ^>^^ 

P  otrudmg  lostellum,  give  a  curious  appearance.     The  proglottides 
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reach  a  breadth  of  about  the  twelfth  of  an  inch.  It  is  almost  constantly 
present  in  dogs  and  cats,  and  often  in  large  numbers,  especially  in  dogs.  It 
has  been  found  in  several  cases  in  man,  and  it  seems  to  be  not  infrequent  in 
children.  The  scolex  form  has  lately  been  found  in  the  dog-louse  (Trichodectes 
canis),  and  it  can  be  readily  understood  how  in  the  process  of  licking  itself  the 
dog  often  swallows  the  parasite,  and  becomes  itself  the  host  of  the  strobilus.  It 
may  be  conveyed  to  children  from  the  tongue  of  the  dog. 

The  lower  animals  are  much  affected  with  tape-worms,  either  in 
the  adult  or  scolex  form.  The  dog  in  particular  accommodates  a 
number  of  forms  in  the  intestine,  and  each  of  these  has  its  appro- 
priate intermediate  host  for  the  bladder-worm.  Besides  the  Taenia 
cucumerina,  mentioned  above,  the  following  parasites  of  the  dog  may- 
be mentioned : 

Taenia  marginata. — This  is  a  tape-worm  of  large  size,  its  usual  length  being 
about  5  feet.  It  is  very  like  the  taenia  solium,  but  smaller,  the  head  possessing 
a  rostellum  with  30  to  44  booklets.  The  scolex  form,  or  Cysticercus  tenuicoUis, 
inhabits  swine  and  the  ruminants,  and  it  often  develops  large  vesicles  in  the 
peritoneum. 

Taenia  serrata. — A  large  tape-worm  about  a  yard  long,  possessing  34  to  38 
hooks.  Its  intermediate  host  is  the  hare  or  rabbit,  where  it  occurs  in  the 
peritoneum  as  the  Cysticercus  pisiformis. 

Taenia  serialis. — This  tape- worm  is  half  to  three-quarters  of  a  yard  long.  Its 
head  has  26  to  32  hooks.  Its  scolex  form  is  chiefly  found  in  the  peritoneum  of 
rabbits,  where  it  forms  a  coenurus,  that  is  to  say,  a  bladder  with  many  heads 
inside  it  (see  Fig.  243).    In  this  form  it  is  called  Coenurus  serialis. 

Taenia  coenurus. — This  is  like  the  preceding,  but  larger.  Its  head  possesses  22 
to  32  hooks.  The  intermediate  form  is  found  in  the  brain  of  sheep  (exceptionally 
in  that  of  the  calf,  as  in  case  observed  by  the  author),  and  is  a  coenurus — the 
coenurus  cerebralis.  There  is  a  comparatively  large  vesicle  studded  internally 
with  heads.  The  parasite  produces  prominent  nervous  symptoms,  the  disease 
called  'Gid,'  'Sturdy,'  etc. 

Literature. — Fully  in  Leuckabt,  Paras,  des  Menschens,  2nd  ed.,  1879-1894  (first 
vol.,  transl.  by  Hoyle) ;  Neumann,  Parasites  of  Domestic  Animals,  transl.  by 
Fleming,  1892 ;  Davaine,  Traite  des  Entozoaires,  1877 ;  Bland  Sutton  (Intra- 
peritoneal rupture  of  echinococcus),  Brit.  Med.  Jour.,  1892,  i.,  1184;  Beaun, 
Virch.  Arch.,  xcii.,  1883,  and  Zwischenwirth  des  breiten  Bandwurmes,  1886; 
Taegett  (Hydatids  in  bone),  Guy's  Hosp.  Eep.,  1.,  1893.  See  also  articles  by 
Manson,  Pbipbe  and  Hubbb  already  mentioned. 


IV.— NEMATODA  or  ROUND-WORMS. 

The  round-worms  have  elongated  bodies,  and  possess  a  well- 
developed  digestive  apparatus,  with  mouth,  oesophagus,  stomach, 
intestines,  anus.  The  sexes  are  separate.  Some  of  them  bear  living 
embryoes,  while  others  produce  eggs  which  become  free,  and  after- 
wards develop  embryoes. 
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1.  TricWna  Spiralis.— This  worm  is  met  with  in  the  muscular 
tissue  of  man,  and  occurs  there  in  immense  numbers,  producing 
the  disease  Trichinosis.  We  shall  see  afterwards  that  this  is  not 
the  mature  form  of  the  worm,  but  it  is  in  this  form  alone  that,  for 
the  most  part,  it  is  accessible  to  us,  and  it  will  be  convenient  to 
begin  with  its  description  here. 

The  affected  muscles,  as  seen  with  the  naked  eye,  seem  for  the 
most  part  to  be  dusted  throughout  with  fine  white  particles  like 
sawdust.  These  are  most  abundant  near  the  places  where  the 
muscular  fibres  are  inserted  into  the  tendons.  As  a  rule  the  par- 
ticles are  most  abundant  in  the  muscles  of  the  trunk,  the  diaphragm, 
the  intercostal  muscles,  and  those  of  the  abdominal  wall,  but  they 
may  extend  to  all  the  voluntary  muscles  of  the  body,  even  the  most 
distant  ones  of  the  hands  and  feet.  It  may  be  present  in  immense 
numbers,  even  in  millions,  in  the  same  person. 

On  microscopic  examination  of  the  fine  particles,  they  are  found  to 
consist  each  of  an  oval  cyst  with  a.  tolerably  thick  wall  (see  Fig.  230, 
p.  408),  within  which  is  a  small  worm  coiled  up  in  a  spiral  manner.  The 
cyst  has  very  often  abundant  calcareous  particles  in  its  wall,  especially 
at  the  poles,  and,  if  the  case  is  an  old  one,  the  impregnation  with 
lime  may  be  so  great  as  to  hide  the  parasite  unless  the  salt  be  first 
dissolved  out  with  an  acid.  When  an  acid,  such  as  dilute  hydro- 
chloric, is  used,  the  lime  dissolves  with  some  evolution  of  gas,  and 
the  whole  structure  becomes  very  transparent.  Sometimes  the  worm 
dies  in  its  capsule,  a'nd  in  that  case  the  wall  thickens  and  the  cyst 
collapses  to  some  extent  on  the  remains  of  the  worm,  which  itself 
often  becomes  infiltrated  with  lime  (see  lowest  specimen  in  figure). 

The  parasite  in  man  is  derived  from  the  pig,  in  whose  muscles  the 
embryoes  occur  in  the  same  fashion  as  in  man.  The  emljryo  worm 
is  of  small  size,  measuring,  when  uncoiled,  about  one  twenty-fifth  of 
an  inch  in  length.  If,  now,  a  piece  of  muscle  containing  the  embryoes 
in  a  living  state — that  is  to  say,  not  killed  by  cooldng  the  meat — 
be  eaten,  they  undergo  further  development  in  the  intestinal  canal. 
The  capsule  is  dissolved  by  the  gastric  juice,  and  the  embryo  set  free.  It 
now  grows  rapidly,  and  in  the  course  of  two  and  a  half  days  it  reaches 
the  adult  form,  when  the  female  is  about  one-eighth  of  an  inch  in 
length,  and  the  male  slightly  less.  The  male  possesses  a  testicle 
consisting  of  a  convoluted  tube.  The  female  has  an  ovary,  vagina, 
and  uterus.  The  adult  worm  has  an  intestinal  canal  from  end  to  end, 
which  IS  divisible  into  CBsophagus,  stomach,  and  intestine. 

The  impregnated  ova  pass  into  the  uterus  where  they  develop 
into  living  embryoes  of  minute  size.    In  six  or  seven  days  after  the 
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female  has  attained  sexual  maturity,  that  is,  eight  or  nine  days 
after  the  trichinous  muscle  has  been  eaten,  the  birth  of  living 
embryoes  begins.  The  female  gives  Uvth  to  large  numbers,  and 
probably  continues  to  do  so  for  some  weeks,  thus  producing  as  many 
as  1000  to  1300.  The  adults  do  not  live  longer. than  five  to  eight 
weeks  altogether. 

The  minute  embryoes  now  begin  to  penetrate  the  intestinal  canal, 
and  they  swarm  outwards  to  the  voluntary  muscles.  The  route  by 
which  they  reach  the  muscles  is  not  absolutely  certain.  By  most  it 
is  thought  that  they  pass  outwards  into  the  peritoneal  cavity,  and 
thence  into  the  connective  tissue  around,  by  which  they  travel  to 
the  muscles  By  others  it  is  thought  that  they  pass  into  the  sub- 
mucous connective  tissue,  thence  into  the  connective  tissue  of  the 
mesentery,  and  so  onwards.  It  is  probable  that  they  find  their  way 
by  both  these  routes,  but  it  is  inconceivable  that,  as  some  suppose, 
they  get  into  the  blood-vessels,  as  the  vessels  available  are  the 
portal  radicles  which  would  take  them  to  the  liver. 

Swarming  outwards  from  the  intestine  they  reach  first  the  muscles 
of  the  trunk,  where  they  are  usually  most  abundant;  they  then 
pass  to  those  of  the  neck  and  larynx;  and,  lastly,  to  those  of  the 
limbs.  Arrived  at  the  muscles  they  grow  larger,  and  apparently 
wander  about  for  a  time.  They  penetrate  inside  the  sarcolemma  of 
the  primitive  fibre  of  the  muscle,  and  destroy  the  sarcous  substance. 
In  about  fourteen  days  they  have  attained  their  full  size,  and  begin 
to  settle  down.  As  they  pass  along  inside  the  sarcolemma  they  are 
arrested  at  the  insertion  of  the  fibre  into  the  tendon,  hence  they 
are  particularly  numerous  near  tendons,  and  here  also  the  cysts, 
subsequently  formed,  are  often  much  elongated.  The  sarcolemma 
collapses  as  the  sarcous  substance  is  destroyed,  and  as  the  worm 
coils  itself  up  spirally  the  sarcolemma  forms  for  it  an  oval  cyst. 
The  worm  itself  also  adds  to  the  cyst  a  layer  of  its  own.  It  is  not 
uncommon  to  find  two,  or  even  more  worms,  in  one  cyst.  In  the 
muscles  the  worms  assume  a  quiescent  state  and  may  remain  so  for 
years  (as  long  as  eighteen  years  has  been  proved),  the  cyst  being 
impregnated  with  lime.  They  produce  considerable  destruction  by 
piercing  the  sarcolemma,  and  disintegrating  the  sarcous  substance,  and 
there  is  often  to  be  found  a  germination  of  the  muscle  nuclei  around  the 
worm.  The  death  of  the  host  does  not  cause  the  death  of  the  trichinae. 
They  will  live  in  putrid  flesh  for  weeks  and  remain  capable  of  further 
development. 

During  the  migration  of  the  embryoes  considei-able  irritation  is 
produced.    There  is  in  the  first  week  intestinal  catarrh  (diarrhoea), 
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with  fever,  and  the  case  may  be  mistaken  for  typhoid  fever.  Later,  the 
muscles  become  stiff  and  painful,  and  oedema  of  the  skin,  especially  of 
the  face,  may  develop.  This  oedema  of  the  face,  which  occurs  about 
the  seventh  day,  is  said  to  be  of  special  diagnostic  significance.  The 
symptoms  are  usually  at  their  height  in  the  fourth  or  fifth  week,  and 
death  occasionally  ensues.  Cases  of  trichinosis  may  be  readily  over- 
looked post-mortem.  This  would  have  been  the  case  in  a  recent 
example  of  this  affection  in  a  subject  of  phthisis  had  the  writer  not 
had  occasion,  before  completing  the  autopsy,  to  examine  the  tongue 
microscopically.  The  presence  of  a  single  parasite  in  the  substance  of 
the  tongue  led  to  a  more  critical  examination  of  the  muscles  generally,, 
and  the  discovery  of  large  numbers  in  almost  every  muscle  examined. 
It  has  been  shown  recently  that  in  acute  cases  of  trichinosis  an  increase 
in  the  number  of  leucocytes  is  often  present.  This  leucocytosis  is- 
characterized  by  an  absolute  and  relative  increase  in  the  eosinophil 
cells.    Its  presence  in  doubtful  cases  may  prove  an  aid  to  diagnosis. 

Besides  in  man,  trichinas  have  been  found  in  the  muscles  of  the  pig,  cat,  rat, 
mouse,  marmot,  polecat,  fox,  marten,  badger,  hedgehog,  and  racoon.  By  some  it  ia 
believed  that  the  rat  forms  the  permanent  source  of  infection,  as,  when  one  of 
these  animals  dies,  it  is  eaten  by  its  neighbours,  and  so  the  infection  spreads.  From 
their  habits,  it  will  be  understood  how  swine  sometimes  partake  of  dead  rats.  The 
parasite  may  be  communicated  to  man  by  eating  imperfectly  cooked  swine's  flesh.  It 
is  said  that  a  temperature  of  50°-55°  C.  (or  120°-130°  F.),  is  enough  to  kill  the  em- 
bryoes,  but  it  is  quite  conceivable  that  when  large  pieces  of  flesh  are  cooked  rapidly, 
some  parts  may  escape  the  thorough  penetration  of  the  heat. 

The  search  for  trichinse  in  the  muscles  of  swine  before  the  flesh  is  sold  is  com- 
pulsory in  some  countries.  For  the  examination  pieces  of  muscle  (preferably  from 
the  diaphragm  and  larynx)  are  snipped  off  with  scissors  and  spread  out  in  water  on 
a  microscopic  slide.  Some  liquor  potassas  may  be  added  to-  make  the  preparation 
more  transparent.  It  is  then  to  be  examined  with  low  magnifying  powers  and 
afterwards  with  higher.    Several  specimens  should  be  prepared  from  each  animal. 

2.  Ascaris  lumbricoides. — The  common  round-worm  is  probably  the 
commonest  entozoon  in  the  human  subject.  It  occurs  very  frequently 
in  children,  and  inhabits  chiefly  the  small  intestine.  In  its  colour  and 
general  appearance  it  resembles  the  common  earth-worm  (see  Fig.  266). 
It  measures  6  to  16  inches  in  length,  is  marked  by  transverse  strisB, 
and  tapers  to  both  ends.  Like  other  nematodes  it  possesses  an  intestinal 
canal  from  end  to  end.  The  female  produces  a  large  number  of  oval 
eggs  which  have  a  dense  shell  (see  Fig.  267).  The  ova  are  discharged 
from  the  intestine  and  may  be  found  in  the  fajces. 

The  worm  mostly  occurs  singly  or  in  pairs,  but  is  frequently  present 
m  considerable  numbers  up  to  one  or  two  hundred.  From  the  intestine 
It  may  pass  into  the  stomach  and  be  vomited,  or  may  be  discharged 
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per  anum.  It  has  been  known  also  to  pass  up  the  oesophagus  and  into 
the  nostrils  and  sinuses  of  the  head,  or  by  the  larynx  into  the  bronchial 


Fig.  266. — A  clump  oi  ascarides,  large  and  small,  from  the  intestine. 


Fig.  267.— Ova  of  ascaris  lumbricoides.    x  280. 

tubes.  Sometimes  it  penetrates  into  the  bile  ducts,  which  it  may 
obstruct,  or  passes  through  the  intestinal  wall  into  the  peritoneal 
cavity     In  cases  where  they  have  perforated  into  the  peritoneum  they 
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have  given  rise  usually  to  local  abscesses  pointing  chiefly  near  the 
umbilicus  or  groin.    More  rarely  they  have  led  to  general  peritonitis. 

In  the  intestine  the  irritation  of  the  worms  produces  catarrh,  and  by 
reflex  action  this  is  supposed  to  lead  to  certain  nervous  symptoms. 
When  present  in  large  numbers,  the  worms  are  sometimes  rolled  up  in 
a  ball,  and  in  this  condition  they  may  obstruct  the  intestine. 

Ascaris  mystax. — This  is  a  small  round- worm  which  occurs  in  the 
cat,  and  is  said  to  be  always  present  in  the  intestine  of  that  animal. 

Oxyuris  vermicularis  or  Thread-worm. — This  is  an  exceedingly 
common  parasite.    It  is  white  in  colour,  and  the  male  measures  about 


6,  ^fi|''^--J"'^'^°'='^Pli^l"s  dispar  or  whip-shaped  worm  from  the  cfecum.   a,  femalo  ; 

an  eighth  of  an  inch,  and  the  female  about  three-eighths  in  length.  It 
possesses  an  alimentary  canal  from  end  to  end.  The  eggs  are  oval 
and  have  a  dense  shell.  The  animal  inhabits  mostly  the  large  intestine' 
It  is  stated  by  Zenker  and  Heller  that  the  mature  female  is  in  the  large 
intestine,  the  males  and  young  being  in  the  small.  The  worm  often 
wanders,  especially  during  the  night,  to  the  neighbourhood  of  the  anus 
where  It  produces  itching.  Sometimes  it  passes  over  to  the  vagina,' 
and  up  mto  It.  It  produces  catarrh  of  the  bowel,  and,  as  in  the  case 
ot  the  ascans,  nervous  symptoms  are  ascribed  to  it. 

occu"ll'i?'^ '  whip-shaped  worm).-It  is  of  frequent 

occurrence  in  the  c^cum  and  neighbouring  parts  of  the  intestine  It 
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measures  1|  to  2  inches  in  length  and  has  the  peculiarity  that  the 
anterior  portion  is  much  thinner  than  the  posterior,  forming  a  long 
thread,  like  the  lash  of  a  whip  (see  Fig.  268),  which  is  buried  in  the 
mucous  membrane.  It  seems  to  produce  no  special  symptoms.  The 
eggs  possess  a  brown  shell.  The  embryoes  have  been  traced  in  water 
and  moist  earth. 

Ankylostomum  duodenale  {Dochmius  duodenalis,  Strongylus  Dtioden- 
alis). — This  worm  is  rarely  met  with  in  this  country,  but  occurs  in 
Egypt,  Italy,  and  tropical  lands.  It  has  been  found  frequently  among 
the  workers  at  the  St.  Gothard  Tunnel  in  Switzerland,  and  has  been 
met  with  in  workers  in  certain  mines  and  brick-works.    Its  habitat  is 


Fig.  269. — Ankylostomuin  duodenale,  male  and  female,     x  3. 

the  small  intestine,  especially  the  lower  part  of  the  duodenum  and  the 
jejunum  where  it  may  be  found  amongst  the  valvulte  conniventes  in 
large  numbers— it  may  be  in  hundreds  or  even  in  thousands.  The  male 
ankylostomum  is  a  very  small  intestinal  worm,  measuring  usually  less 
than  half  inch  in  length.  The  female  is  slightly  larger  (see  Fig.  269). 
When  alive  they  appear  whitish-grey,  or,  when  full  of  blood,  reddish- 
brown  The  mouth  of  the  parasite  is  armed  with  four  strong  claw-like 
booklets,  and  two  conical  teeth.  By  means  of  these  it  fixes  itself  to 
the  mucous  membrane  of  the  intestine  so  firmly  that  it  is  with  difficulty 
removed  Then,  buried  in  the  mucous  membrane,  it  drains  the  blood 
of  its  host.    It  is  credited  with  changing  the  place  of  its  attachment 
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from  time  to  time,  leaving  behind  it  points  from  which  blood  may  ooze. 
Very  consideralsle  loss  of  blood  may  thus  arise,  and  serious  anaemia. 
The  female  produces  an  enormous  number  of  eggs  which  may  be 
recognized  microscopically  in  the  stools  as  transparent,  smooth,  oval 
bodies,  with  a  greyish,  segmented  yolk.  Once  outside  of  the  human 
body  these  rapidly  develop  under  favourable  circumstances  into  active 
embryoes  which  equally  rapidly  increase  in  size,  and  after  two  succes- 
sive moultings,  pass  into  a  larval  state  in  which  they  may  live  for 
weeks  or  months.  The  larval  stage  is  usually  passed  in  muddy 
watei',  mud,  or  moist  earth.  Infection  in  the  human  subject  probably 
occurs  from  earth  containing  larvse  being  carried  to  the  mouth, 
either  on  the  hands  or  with  the  food,  and  possibly,  also,  from 
the  drinking  of  muddy  water.  Infection  through  the  hair  follicles  of 
the  skin  has  been  asserted.  Once  in  the  alimentary  canal  the  larvse 
soon  acquire  sexual  characters  and  develop  into  adult  worms ;  these 
evidently  may  live  for  years. 

Ankylostomiasis  is  the  name  given  to  a  group  of  symptoms  induced 
by  the  presence  of  the  parasite  in  large  numbers  in  the  intestine.  The 
most  obvious  of  these  is  Ansemia  (Ancemia  Ecjijptorum),  which  may  be 
very  severe.  This  is  due  to  the  direct  loss  of  blood,  but  probably 
contributing  causes  are  the  elaboration  of  some  toxic  substance  by  the 
parasites  or  the  absorption  of  intestinal  toxins  through  the  intestinal 
lesions.  Gastro-intestinal  disturbance  and  cardiac  weakness  are 
frequent  concomitants. 

Strongylus  gigas.— This  is  a  large  worm,  reaching  a  length  of  over 
a  yard,  and  a  thickness  of  about  three-eighths  of  an  inch.  It  has  been 
met  with  a  few  times  in  the  pelvis  of  the  kidney  in  man,  and  more 
frequently  in  the  kidney,  liladder,  lungs,  and  liver  of  dogs. 

Eound-worms  belonging  to  the  family  of  the  Strongylidse  are  frequent  parasites 
in  the  lower  animals.  These  inhabit  various  parts  of  the  body,  but  there  are 
two  situations  in  which  they  are  of  special  frequency,  namely  the  lungs  and  the 
arteries. 

Pulmonary  and  bronchial  Strongylosis  is  the  name  applied  to  the  conditions 
produced  by  various  strongyU  when  resident  in  the  bronchial  tubes  and  lung- 
parenchyma.  No  less  than  eight  species  of  the  genus  strongylus  have  been  dis- 
tmgmshed  (Neumann),  and  the  animals  affected  include  the  sheep,  goat,  deer  pig 

''^t-    The  disease  is  seen  in  its  most  characteristic 

S^nZZ^^        u-?'''  '""'''''^  '^^i'^^l'  •^^'^ely,  the 

S    nS  "  r  bronchi  and  gives  rise  to  bronchitis  and  the 

pnrmonia  i  t"^  f"''''^*"  *°       ^'^'^^  l^^^'  - 

Therrat-    thufH  '  '^^^^^'^  °f  ^  ^-^l  inflammation. 

Fig  '70     In  F^'tt^  "  '"P^^'^^'^l  resemblance  to  tubercles  (see 

the  bronchial  tubt  °^  completely  occluding 
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Aneurysms  are  frequent  in  the  horse  and  ass  in  consequence  of  the  action  of  one 
of  the  Strongylidas,  the  Sderostoma  armatupi  of  e^ninum.  The  worm  is  first 
present  in  the  large  intestine,  from  vfhioh  it  penetrates  to  the  arteries  which  come 
off  from  the  abdominal  aorta,  chiefly  the  coeliac  and  mesenteric  arteries,  very 


Fig.  270.— Strongylosis.    Lung  of  sheep 


Fig.  271. — Strongyli  occluding  the  bronchial 
tube.s.    From  the  lung  of  a  pig. 


rarely  the  aorta  itself.  The  worm  produces  thrombosis  and  aneurysmal  dilatation 
of  the  vessels.  From  the  discharge  of  portions  of  thrombi,  embolism  in  the 
arteries  of  the  intestine  results,  giving  rise  to  colic,  which  is  a  frequent  symptom 
in  the  horse.  The  aneurysms  are  present  in  about  90  per  cent,  of  horses,  and  are 
equally  frequent  in  asses. 

Filaria  medinensis  (Draciinculus  mecUvensis  or  G-uinea-worm). — This 
parasite  is  of  frequent  occurrence  in  tropical  lands,  where  it  is  met 
with  in  the  tissues  of  the  foot  and  leg  chiefly.  The  female  is  a  long 
thin  worm  from  12  to  40  inches  in  length,  and  it  alone  is  known  as 
a  parasite.  The  worm  wanders  to  some  extent  in  the  loose  sub- 
cutaneous connective  tissue,  and  may  give  rise  to  cousideralile  irrita- 
tion. When  mature  it  presents  its  extremity  at  the  surface,  and  a 
small  pustule  forms  from  which  the  extremity  projects.  The  worm 
may  then  be  removed  gradually  by  rolling  it  gently  round  a  quill  from 
day  to  day  as  it  becomes  exposed,  care  being  taken  not  to  break  it, 
in  which  case  the  part  left  in  may  give  vise  to  severe  inflammation. 
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Filaria  sanguinis  hominis.    Filaria  Bancrofti.    Filaria  nocturna. 

— This  parasite  is  best  known  in  the  embryonic  form  which  inhabits 
the  blood.  The  adult  form  rarely  comes  under  observation,  but  has 
been  found  occasionally  in  the  lymphatic  system.  It  has  been  named 
Filaria  Bancrofti  from  the  first  discoverer  of  the  adult. 

The  adult  filaria  is  a  hair-like  worm  8  to  10  cm.  (3  or  4  inches)  in 
length,  iind  only  about  0-.35  mm.  (^^^  of  an  inch)  in  breadth.  It 
sometimes  produces  considerable  irritation  in  the  lymphatics,  causing 
local  thickenings.  Maitland  has  excised  some  of  these  thickenings 
and  found  in  one  case  as  many  as  seven  adults  in  one  mass.  The 


oJ  ch^E"  TiottL^^n!^^  ""^^'^^      '"^^  -  ^^<^  blood.  From 

adults  are  believed  to  live  for  years  in  the  lymphatics,  and  the  female 
^ves  birth  to  enormous  numbers  of  living  embryoes  which  find  their 
way  mto  the  blood. 

The  living  embryo  (Fig.  272)  is  about  ^  inch  in  length  and  -J 

of  a  red  lT  T"^       l"'"''^  ''^"'^^^  nearly  corresponds  with  \S 
rItScr     ^^^'^^^r^-P^!^^^-        -  -closed  in  a  delicate  sac,  which  is 
xt  I  3  while  moving  a  portion  ^f  the  sa 

Ind  vmn^         '  movements  as  seen  in  the  blood 

and  ymph  are  very  active  and  snake-like  in  character 

native!  ^  ^Tt  1^^^°'      ^'^"^  ^^e 

suffer  in  hollth  Vol  it^  T^^         T       ''"^       "^^  ^^^^^^ 
in  Brazil,  the  We7  j  v  """^^      ^^^^  countries  and 

'        \^est  Indies,  etc.    A  very  remarkable  circumstance  i* 
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that,  during  the  day,  the  parasites  are,  unless  in  exceptional  cases, 
absent  from  the  blood  obtained  from  the  finger  or  other  superficial 
part,  but  about  six  or  seven  o'clock  in  the  evening  they  begin  to 
appear,  and  by  twelve  o'clock  are  so  numerous  that  as  many  as  a 
hundred  may  be  counted  in  every  drop  of  blood.  As  morning 
approaches  they  diminish  in  numbers,  and  by  eight  or  nine  o'clock 
they  disappear  entirely.  This  regular  rhythm  may  apparently  go  on 
for  years.  When  the  periodicity  of  the  bodily  functions  is  interfered 
with  by  the  person  sleeping  during  the  day  and  doing  his  work  at 
night,  then  the  parasite  is  present  in  the  blood  in  the  daytime  and 
a,bsent  at  night. 

The  periodicity  has  been  variously  accounted  for.  It  is  either  that 
the  animals  come  to  the  superficial  vessels  during  the  night  and  remain 
in  the  internal  organs  during  the  day,  or  that  a  fresh  brood  is 
produced  every  evening.  As  the  number  in  the  blood  of  a  single 
person  is  estimated  at  36-40  millions  (Mackenzie)  the  latter  supposition 
does  not  seem  probable. 

According  to  Manson  there  are  several  species  of  filaria  sanguinis,  in  addition  to 
the  F.  Bancrofti.  These  may  be  distinguished  by  structural  and  other  differences  in 
ihe  embryoes  and  by  the  presence  or  absence  of  periodicity  in  their  appearance  in 
and  disappearance  from  the  blood.  Thus  F.  diurna  is  met  with  during  the  day  and 
■disappears  at  night.  F.  perstans  and  F.  Demarquaii  are  constantly  present  both 
by  day  and  night. 

Chyluria,  chylous  diarrhoea,  lymph-scrotum,  and  elephantiasis  have 
l)een  ascribed  to  the  filaria  Bancrofti.  The  embryoes  in  passing  from 
their  parents  in  the  lymphatics  to  the  blood  have  to  traverse  the 
lymphatic  glands.  In  certain  cases  they  seem  to  stick  in  the  glands, 
and  by  filling  them  up  obstruct  the  passage  of  lymph.  There  may 
thus  be  virtually  a  plugging  of  the  lymphatics  with  a  dilatation  of  the 
distal  parts  of  the  vessels.  Rupture  of  the  vessels  causes  the  escape 
■of  the  chylous  contents  (see  p.  10-2).  According  to  the  situation  of 
the  adults  the  results  vary.  The  rupture  may  be  in  the  urinary 
bladder  or  kidneys,  and  we  then  have  chyluria.  There  is  usually 
blood  also  in  the  urine  from  tearing  of  blood-vessels,  and,  for  a 
similar  reason,  the  embryoes  may  be  present  in  the  urine.  In  a 
similar  manner  chylous  diarrhoea  is  produced.  Lymph-scrotum  is  a 
thickening  of  the  scrotum  with  the  presence  of  dilated  lymphatics  and 
vesicles  which  rupture  and  discharge  fluid.  Elephantiasis  is  not 
probably  a  direct  eff-ect  of  the  parasite,  but  the  condition  of  lymph- 
scrotum  may  give  occasion  to  elephantiasis  (see  pp.  210,  211). 

The  mosquito  is  believed  by  Manson  to  be  the  intermediate  host 
of  the  filaria,  but  this  view  seems  to  stand  in  need  of  confirmation. 
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In  animals  many  forms  of  filaria  exist.  There  are  several  forms  in  the  dog. 
One  of  these  inhabits  the  trachea  and  bronchi,  producing  bronchitis.  It  has  been 
named  Filaria  Osleri,  from  Prof.  Osier  who  observed  it  in  Canada  and  regarded  it 
as  a  strongylus.  The  filaria  immitis  inha-hits  the  right  cavities  of  the  heart  and  the 
pulmonary  artery  of  the  dog,  and  is  very  common  in  China  and  Japan.  The 
adults,  which  measure  12  to  30  cm.  in  length,  give  off  embryoes  closely  re- 
sembling the  filaria  sanguinis  hominis,  and  like  it  appearing  in  the  peripheral 
vessels  at  night.  The  Spiroptera  sangiiinolenta  (so  called  from  its  red  colour)  is 
found  chiefly  in  the  waUs  of  the  stomach  and  oesophagus  of  the  dog  in  China  and 
Brazil.  It  forms  considerable  cysts,  in  the  interior  of  which  the  worms,  which 
measure  3  to  5  cm.,  are  found  coiled  up  together.  It  also  occurs  in  the  walls  of 
the  aorta,  in  the  lungs,  and  in  lymphatic  glands. 

In  the  horse  a  frequent  parasite  is  the  Filaria  papillosa  which  inhabits  the 
serous  membranes,  as  the  peritoneum  and  pleura.  la  may  be  present  in  enormous 
numbers  m  these  cavities.  It  has  been  found  in  the  tunica  vaginalis  when  a  horse 
was  bemg  castrated,  having  descended  from  the  peritoneum.  It  measures  from  6 
to  15  cm.  in  length. 
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V.-EPIZOA  OE  EXTEENAL  PAEASITES. 
These  do  not  call  for  extended  treatment  here,  as  they  are  fully 
descnbed  :n  works  on  diseases  of  the  skin.    Little  more  than  an 
enumeration  of  them  will  be  attempted 

and  a;^''t°''^T'~^T"'"  ^''^'"^"^^  both  in  man 

I^IS  externTh  ^"^^^  ^^^^  ^^^^^ 

Acarus  scabiei,  or  Sarcoptes  hominis.-This  has  m  ov«l  i..^    •  . 

Its  extremity.    There  nr-P  .Ur.  f  '^^^^^^^ 
females  have  pointed  .?    Z     I  "^^^^^  the 

-«ke-.    T L'  male  T  '  "^^^  ^^^^  W 

-Weh,asitp:oee"dti  X°"/'^  'P^'"""'  - 
the  deepest  end  f  Ih  '  '         ^""^"^  f-nd  at 

•deyelop,  and  as  thV     i         !  The  e^^gs 

^.      the  epdermis  desquamates,  they  come  to  the  surft^e 


448 


EXTERNAL  PARASITES. 


by  degrees,  the  young  being  born  usually  as  they  reach  the  surface. 
The  irritation  of  the  animal  in  the  epidermis  gives  rise  to  a  slight 
inflammation,  causing  the  formation  of  a  papule.  Usually  there  is  a 
great  itching,  and  the  scratching  leads  to  further  eruptions,  especially 
in  predisposed  persons. 

Acarus  folliculorum  (Demodex  folliculorum). — This  is  an  elongated 
animal  about  ^^Ig  of  an  inch  in  length,  and  provided  anteriorly  with 
four  pairs  of  short  feet.  It  is  found  in  the  sebaceous  follicles, 
especially  of  the  external  meatus  of  the  ear  and  neighbourhood  of  the 
nose.  It  seems  to  produce  no  special  irritation  in  the  human  subject 
in  animals,  especially  dogs,  it  gives  rise  to  extensive  cutaneous  lesions 
{Follicular  mange). 

Pentastoma  denticulatum  s.  tsenioides. — The  larval  form  is  very 
common  in  the  rabbit,  and  has  been  not  infrequently  observed  in  man. 
It  occurs  usually  in  the  liver,  but  has  been  observed  also  in  the  spleen, 
lungs,  kidneys,  and  wall  of  intestine.  It  is  a  small  animal  about  a 
fifth  of  an  inch  in  length  and  a  fifteenth  in  breadth.  It  presents 
about  90  segments,  in  each  of  which  are  stomata.  The  mouth 
possesses  four  hooks  which  can  be  withdrawn  into  chitinous  sheaths. 
The  larva  in  the  liver  surrounds  itself  with  a  capsule  and  forms  a 
nodule  about  the  size  of  a  pea.  In  man  they  are  mostly  found 
dead,  and  the  condition  observed  is  that  of  a  hard  nodule  surrounded 
by  a  fibrous  capsule,  inside  which  are  the  calcified  remains  of  the 
animal,  of  which  only  the  hooks  may  be  recognizable. 

The  larva  found  in  the  liver  and  elsewhere  is  usually  designated  the 
Pentastoma  denticulatum,  while  the  adult  is  called  the  P.  tajnioides. 
The  connection  between  the  two  was  demonstrated  by  Leuckart.  The 
adult  is  found  chiefly  in  the  nares  of  dogs,  and  also  of  some  other 
animals,  and  on  one  occasion  of  man  (Laudon).  The  adult  is  like  the 
larva  in  form  but  much  larger,  the  female  measuring  three  inches, 
and  the  male  about  one.  The  mouth  is  devoid  of  hooks.  The  ova 
passing  from  the  nostrils  of  the  dog  on  to  the  grass  are  supposed  to 
be  taken  into  the  stomachs  of  hares  and  rabbits,  and  to  pass  thence 

to  the  liver. 

Many  forms  of  arachnida  occur  in  animals. 

Leptus  autumnalis  (Harvest  bug).— This  is  a  small  red  animal,  just 
visible  to  the  naked  eye.  It  is  not  a  necessary  parasite,  but  in  some 
districts  it  invades  the  legs  and  burrows  into  the  skin,  thus  causnig 
excessive  itching.   Two  other  forms  of  leptus  are  described  as  occurrmg 

in  America  (Duhring).  •   ,  ii 

■     2.  Insecta  or  Insects.— The  parasitic  insects  occur  entn-ely  externalU  - 
Some  of  them  are  not  parasitic  at  all  times. 
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Pediculi  or  Lice. — The  head  louse  (P.  capitis)  lives  among  the  hairs. 
It  forms  a  chitinous  sheath  for  its  ova,  which  it  cements  to  the  hairs. 
The  young,  when  they  emerge  from  the  egg,  are  like  the  adult  in 
form,  there  being  no  further  metamorphosis.  The  body  louse  (P. 
vestimentorum)  is  like  the  former  but  considerably  larger.  The  ova 
are  deposited  in  the  clothing,  especially  the  seams,  where  also  the 
adults  congregate.  The  crab  louse  (P.  pubis)  has  its  popular  name 
from  the  fact  that  it  has  long  curved  claws  with  which  it  attaches 
itself  to  the  hairs.  It  occurs  in  the  parts  of  the  -body  furnished  with 
stiff  hairs,  chiefly  the  pubes,  but  also  the  axillae,  eyebrows,  beard,  eye- 
lashes, etc.    It  is  smaller  and  less  elongated  than  the  other  two  forms. 

Pulex  irritans  (Common  flea). — This  animal  is  only  partly  parasitic. 
Its  larvae,  which  are  about  an  eighth  of  an  inch  in  length,  occur  in 
quantities  in  the  neighbourhood  of  mouldering  organic  matter,  in  dusty 
corners  of  rooms,  etc. 

Cimex  lectularius  (Common  bug)  is  still  less  of  a  parasite.  It  lives 
chiefly  about  beds,  and  comes  out  of  retired  parts  on  to  the  skin  to 
exti-act  blood. 

Pulex  penetrans  (Sandflea,  chigoe,  jigger).— This  is  common  in  the 
West  Indies,  Central  and  South  America,  and  southern  parts  of 
North  America.  The  female,  which  resembles  an 
ordinary  flea,  penetrates  the  skin,  usually  of  the 
toes,  where  it  swells  up  into  a  sac  about  the  size 
of  a  pea,  the  abdomen  being  distended  with  ova. 
It  produces  painful  inflammation. 

The  Larvae  of  insects  or  Maggots  are  occasion- 
ally found  in  the  tissues  of  man.    There  are  a  few 

cases  in  which  such  larvje  have,  by  migrating 

under  the  skin,  produced  considerable  inflamma*'- 

tion     There  are  also  cases  in  which,  deposited  in  ,,3.-La,.va  of 

neglected  wounds,  or  even  in  the  mouth  and  C^Sr^t^o 

nostrils  ot  excessively  debilitated  persons,  they     P^^^s^edbytbe  iutestine. 

have  actually  produced  considerable  destruction 

by  feeding  on  the  tissues.    In  neglected  military  hospitals  wounds 

are  often  abundantly  tenanted  by  maggots. 

fom  IwhV^  insects  are  also  sometimes  passed  by  the  bowel.  The 
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PART  SECOND-DISEASES  OF  THE  SPECIAL 
ORGANS  AND  SYSTEMS. 


SECTION  I. 


ALTERATIONS  OF  THE  BLOOD  AND  ITS  CONSTITUENTS. 

•Constituents  of  the  blood: — (1)  Plasma;  (2)  Erythrocytes;  (3)  Leucocytes; 
Blood-Plates,  Hasmoconia.  I.  General  hypersemia,  Plethora ;  produced 
artificially  by  Transfusion  of  blood ;  Plethora  as  a  pathological  condition. 
II.  General  anaemia  :  ( 1 )  Causation  :  (a)  From  destruction  of  red  corpuscles, 
hajmorrhage,  haemoglobinuria ;  (&)  From  defective  formation.  (2)  Character 
of  the  changes  in  the  blood  in  oligeemia  ;  in  pernicious  anaemia  ;  in  chlorosis  ; 
in  secondary  anaemias.  (3)  The  bone-marrow  in  anaemias.  (4)  Secondary 
changes  in  anasmias.  III.  Leucocytosis.  IV.  Leukaemia,  Causation  obscure  : 
changes  in  blood  and  nature  of  the  disease ;  condition  of  bone-marrow  ; 
spleen  ;  lymphatic  glands  ;  liver,  kidneys,  etc. 

rpHE  blood  may  be  regarded  as  a  tissue  which  is  being  continually 
changed  by  loss  and  renewal  of  its  constituents.  It  is  a  fluid 
in  which  are  suspended  red  and  white  cells  or  corpuscles,  and  it  is  a 
vehicle  by  which  the  nutritious  material  required  by  the  tissues,  and 
the  oxygen  necessary  for  their  respiratory  processes  are  conveyed: 
the  former  function  being  performed  by  the  liquor  sanguinis,  and 
the  latter  by  the  red  corpuscles.  It  also  carries  off  to  their  proper 
places  of  excretion  the  products  of  tissue  change,  and  the  carbonic 
acid  resulting  from  the  respiratory  process  in  the  tissues. 

Constituents  of  the  blood.  — The  blood  is  composed  of  a  fluid  part, 
the  blood-plasma,  and  of  solid  elements,  the  blood-corpuscles.  The 
latter  constitute  two-fifths  of  the  total  volume.  The  total  amount  of 
blood  in  the  normal  adult  is  usually  stated  as  about  of  ^he  body 
weight.  Estimated  by  the  method  recently  brought  forward  by 
Haldane  and  Lorrain  Smith,  the  proportion  is  considerably  less. 

1.  The  blood-plasma  holds  in  solution  two  albuminous  substances, 
namely,  serum  albumen  and  fibrinoplastin  or  serum  globulin,  besides 
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a  variety  of  nitrogenous  substances  in  small  quantity,  most  of  which 
are  in  process  of  excretion,  such  as  urea,  uric  acid,  kreatin,  etc.  There 
are  besides,  as  constant  constituents,  fats,  sugar,  and  various  salts,  of 
which  the  chief  are  sodium  chloride  and  phosphate. 

2.  The  Erythrocytes  or  red  corpuscles  are  disc-shaped  bodies, 
measuring  7*5  fi^  in  average  diameter.  Their  chief  constituent  is 
hajmoglobin.  The  origin  of  these  corpuscles  cannot  yet  be  said  to 
have  been  unequivocally  determined.  In  the  early  embryo  they  are 
formed  coincidently  with  the  blood-vessels,  and  the  cells  that  develop 
into  the  latter  give  origin  to  the  red  corpuscles,  which  are  thus 
intracellular  products.  This  method  of  production,  however,  ceases 
before  birth,  and  in  the  embryo  itself,  and  in  the  individual  through- 
out extra-uterine  life,  a  different  mode  of  origin  must  be  looked  for. 
The  bone-marrow  is  agreed  upon  by  most  authors  as  the  chief 
permanent  seat  of  origin  of  the  red  corpuscles.  In  the  red  marrow 
of  the  cancellous  tissue  of  bones,  and  more  particularly  of  the  ribs,  the 
venous  sinuses  present  special  nucleated  cells  (erythroblasts)  which 
give  origin  to  red  corpuscles.  Whilst  the  bone  marrow  is  the  chief 
source,  the  spleen  and  other  lymphatic  structures  also  probably  take 
part.  There  is  no  evidence  to  support  the  view  that  they  arise  by 
transformation  of  leucocytes  in  the  circulating  blood,  and  Hayem's 
theory  that  they  are  developed  from  hasmatoblasts  has  few  adherents 
(see  later). 

A  great  destruction  of  red  corpuscles  is  continuously  taking  place, 
as  the  bilirubin  in  the  bile  is  entirely  derived  from  the  hajmoglobin  of 
-  the  corpuscles.  The  destruction  of  the  corpuscles  does  not  occur  in  the 
general  circulation,  but  most  probably  takes  place  in  the  spleen.  This 
great  and  constant  loss  of  corpuscles  implies  an  equal  new-formation 
and  replenishment.  In  pathological  conditions,  especially  in  anaemias, 
striking  divergencies  from  the  normal  may  be  observed  in  the  red 
blood  corpuscles.  Thus  the  diameter  may  be  increased  (megalocyie, 
macrocyie)  or  diminished  (microcyte).  Marked  alterations  in  the  outline 
•of  the  corpuscle  may  occur  (poikilocyte),  and  obvious  loss  of  colour  is 
sometimes  observed. 

3.  TheLeucocytes.-Thisterm  maybe  applied  to  free  colourless  cor- 
puscles whether  present  in  the  blood  (h^mic)  or  in  the  lymph,  serous 
spaces  and  lymphatics.   There  are  several  readily  distinguishable  forms 

he  form  and   T  .  protoplasm.    As  to  the  nucleus^ 

the  form  and  relative  size  are  important  characteristics,  and  as  to  the 

of  a  mnii^S.^'""  '  "  "''^  *°  ^  micromimmetre  or  mikron,  i.e.  ,  „V.th 
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protoplasm,  the  presence  oi-  absence  of  granules  and  the  characters  of 
these  granules  are  determining  points  of  distinction. 

Before  describing  the  various  forms,  the  character  of  the  granules 
may  be  mentioned.    Many  leucocytes  present  in  their  protoplasm 
numerous  granules,  in  some. cases  large,  in  others  small.   The  ingenious 
observations  of  Ehrlich  have  shown  that  these  granules  differ  in  their 
reactions  to  alkaline  and  acid  staining  agents,  these  differences  indi- 
cating differences  in  the  vital  chemistry  and  function  of  the  various 
kinds  of  cells.    The  aniline  dyes  are  divisible  into  the  basic  and  the 
acid  forms.    The  former  include  the  regular  dyes  for  nuclei  and 
microbes,  such  as  methylene-blue  and  fuchsine.     The  latter  are  not 
nuclear  stains,  and  the  most  familiar  are  eosin,  acid  fuchsine,  aurantia, 
and  orange  G.    Ehrlich  has  divided  the  granules  into  three,  according 
as  they  stain  with  acid,  alkaline,  or  mixed  dyes,  naming  them  respec- 
tively Eosinophil,  Basophil,  and  Neutrophil  granules.  Alterations 
in  this  nomenclature  have  been  made,  the  term  Oxyphil  or  Acidophil 
replacing   eosinophil,   and    neutrophil    being    given    up   by  most 
observers  on  the  ground  that  the  mixtures  of  basic  and  acid  dyes 
(such  as  Ehrlich's  triple  stain)  act  as  acid  stains.    The  various  forms 
of  leucocytes  are  sometimes  named  according  to  the  character  of  the 

nucleus  and  sometimes  ac- 
cording to  that  of  the 
granules,  so  that  two  or 
more  names  may  be  applied 
to  the  same  kind  of  cell. 

It  is  to  be  remembered 
also  that  all  these  cells, 
whether  hsemic  or  not,  are 
free,  that  most  are  amoeboid, 
and  that,  like  other  amoeboid 
bodies,  some  of  the  forms 
have  the  faculty  of  picking 
up  solid  granular  matter,  in 
other  words  of  playing  the 
part  of  phagocytes. 

Taking  first  those  of  the 
blood,  the  following  are  the 
forms   of   leucocytes  most 
commonly  met  with.   1.  The 
Polymorphonuclear  (neutrophil,  or  finely  grannlar  oxyphil)  Leucocyte 
is  much  the  most  frequent  form  comprising  from  70  to  75  per  cex.t 
of  tl  e  white  blood  corpuscles  (Figs.  1  and  2,  PI.  L).    The  corpuscle 


Fie  074  _l31ood  corpuscles,  staiued  with  luBinatoxylin 
and  eosin  Many  red  corpuscles  are  seen  and  three  of 
Iho  cmn  ..ner  forms  of  leucocytes;  «,  polyniorphonu- 
clearieucocyte;  suuUl  lymphocyte;  c,  large  um- 
uu  ■  leated  lei.cocyte  with  deeply  indented  nucleus. 


PLATE  I. 


Fig.  1.— Normal  Blood,    x  600. 
LeiBhman'8  modifloation  of  Ramanowsky's  Biain. 
a.  Polymorphonuclear  leucocyte.   6.  Eosinophil  leu- 
cocyte, c.  Lymphocyte,    d.  Erythrocyte,  e.  Blood 
Plates. 


Fig.  2. — Various  forms  of  Leucocytes.  Nor- 
mal blood,  X  600. 
Ehrlioh's  triaoid  stain,   a.  Polymorphonuclear  leu- 
cocyte,  ft.  Eosinophil  leucocyte,  c.  Small  lympho- 
cyte, ci.  Larger  lymphocyte,  d.  Erythrocyte. 
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^'lorLrn''^"*'°''y'°''^«"iSeptica)n.ia.  x  600. 

■increase  of  polymorphonuclear  leucocytes. 
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Fig 


4. — Blood  in  Myelogenous  Leukieraia. 
X  600. 

Formalin  vapour  preparation.  Bosinatod  hmmatoxy- 
Im  and  methylene  blue  stiiiu.  o.  Fnlly  formed  poly- 
morphonuclear lonoooyto.  a'.  TrauBition  form.  a8. 
Myolooylc.  h.  Fully  fornind  eosinophil  louoooyte. 
o».  Eosinophil  myelocyte.  6'^.  Small  oosluophU  lon- 
oooyto.  0.  Normal  crythroblast.  ol.  Erythroblast 
in  mitosis. 
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measures  usually  from  10  to  12  /x,  but  they  are  variable  in  size. 
Porms  are  met  with  not  much  larger  than  small  lymphocytes.  Other 
forms  may  be  nearly  twice  their  size.  It  has  a  nucleus  which  is  so 
much  broken  up  into  lobes  that  it  looks  as  if  there  were  several 
small  nuclei  (hence  often  called  muUi-nudeated  Leucoqite),  but,  on 
careful  examination,  a  fine  thread  of  chromatin  is  usually  found 
uniting  the  lobes.  The  nucleus  stains  dark-blue  or  greenish-blue  with 
Ehrlich's  triple  stain,  and  intensely  blue  with  eosin  and  methylene- 
blue  mixtures.  The  protoplasm  is  full  of  very  fine  granules  so- 
called  neutrophil  granules — which  stain  purple  or  reddish  purple  with 
Ehrlich's  triple  stain.  As  a  rule,  they  remain  unstained  in  films 
treated  with  eosin  and  methylene-blue.  As  has  been  mentioned,  these 
granules  are  not  strictly  neutrophil,  but  possess  a  feeble  affinity  for 
acid  dyes.  The  polymorphonuclear  leucocytes  are  actively  amoeboid 
and  phagocytic— constituting  the  microphags  of  Metchnikoff. 

2.  The  Small  Uninucleated  Leucocyte  {Lymphoqjte,  Small  Lym- 
phocyte) is  a  small  cell— the  smallest  of  all  the  leucocytes— being 
usually  about  the  size  of  a  red  blood-corpuscle,  7-5  /a  (see  Figs.  1  and  2, 
PI.  I).  It  has  a  single  rounded  nucleus  which  almost  monopolizes  the 
M-hole  cell,  leaving  a  very  narrow  rim  of  protoplasm.  The  nucleus  stains 
usually  faintly  blue  with  Ehrlich's  triacid  stain.  If  a  blue  counter-stain 
IS  employed  after  the  use  of  the  triple  stain  an  intense  blue  colour  may 
be  obtanied.  The  protoplasm  is  stained  a  greyish  colour  or  faintly 
tmted  pink.  With  eosin  and  methyl-blue  the  nucleus  is  usually 
stamed  blue,  the  protoplasm  often  staining  a  purplish  tint.  Diver- 
gencies m  the  shape  of  the  nucleus  and  in  the  staining  reactions 
occasionally  are  seen.  The  lymphocyte  forms  10  to  20  per  cent  of 
the  hsemic  leucocytes,  and  is  abundant  in  all  lymphoid  tissue.  It  is 
neither  amoeboid  nor  phagocytic. 

Lymphocytes,  considerably  larger  than  those  above  mentioned  are 
also  commonly  met  with  in  the  blood.    They  are  probably  iiiter- 

u~eT 

nlule'c^n''  (L-rge  Lymphoq,te,  Large 

Ull)  IS  the  largest  of  all    the   leucocytes  of  the  blood 

Te  lZ^rcLrr^^  '~    ^he  outime '1  t  'e 

^^TLlZT    '  «^--kedly  irregular.    The  protoplasm, 

lyn  ph   yt^^^^^^^^^^^^^  ^^^^^^  -  -  the  case  in  the  small 

indent^  linVr  T  ^""^  "^^^^^^^  ^«  oval,  or 

ntec,  giving  sometimes  a  reniform  outline  (Pie  9  pi  n  ti.. 
intranuclear  network  iwl, t>  ^"'^  (.-"g.      ±-1.  I.).    J  he 

faintly  with  the         .  protoplasm  and  nucleus  stain 

J  ™  the  dyes  commonly  used.    Large  uninucleated  leucocytes. 
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with  nuclei  approaching  in  their  form  the  nuclei  of  the  polymorpho- 
nuclear leucocytes,  are  not  infrequent.  They  are  sometimes  grouped 
separately  as  transitional  fcn-m^,  but  are  more  conveniently  included  along 
with  the  large  lymphocytes  when  the  number  of  the  difierent  forms  of 
leucocytes  present  in  the  blood  is  being  estimated. 

The  large  lymphocytes,  including  the  forms  just  mentioned,  form 
rather  less  than  10  per  cent,  of  the  white  blood-corpuscles.  They  are 
both  amoeboid  and  phagocytic. 

4.  The  Eosinophil  {coarsely  granular  oxyphil)  Leucocyte  is  present  in 
small  numbers  in  the  blood,  usually  about  2  per  cent.  The  size  varies 
greatly,  the  average  being  about  the  size  of  the  polymorphonuclear 
leucocytes.  The  nucleus  is  polymorphous,  reniform,  horse-shoe  shaped, 
or  lobed  (Fig.  2,  PI.  I.).  It  is  usually  eccentric.  It  stains  pale  blue  or 
greenish  blue  with  Ehrlich's  triple  stain,  and  dark  blue  with  eosin  and 
methylene-blue  mixtures.  The  protoplasm  is  full  of  large  spherical 
granules  which  stain  deeply  with  the  acid  elements  in  Ehrlich's  triple 
S;ain  and  with  the  eosin  in  mixtures  of  eosin  and  methylene-blue. 
When  present  in  a  blood  film  they  are  the  most  conspicuous  of  all  the 
leucocytes.  The  cells  are  evidently  delicate  structures  and  are  often 
injured  in  the  preparation  of  the  film.  The  cell  has  the  appearance  as 
if  it  had  exploded  and  scattered  its  granules  irregularly  around  the 
free  nucleus.    Eosinophil  cells  are  amoeboid,  but  are  not  phagocytic. 

The  Basophil  Leucocyte  is  a  form  only  very  occasionally  met  ^vith  in  norinal 
blood  It  is  found  in  cases  of  myelogenic  leutemia.  It  resembles  the  poly- 
morphonuclear leucocyte  in  general  form  and  si.e,  but  its  staining  reactions  are 
different.  The  nucleus  is  coloured  dull  blue  with  Ehrlich's  triple  stam,  and 
pale  green  with  eosin  and  methylene-blue  mixtures.  The  pi-otoplasm  contams  fine 
granules  which  have  a  basic  reaction.  The  granules  stain  deep  blue  with  methyl- 
ene-blue solutions,  but  are  unstained  by  Ehrlich's  triple  stains.  The  Mast-zeUen 
of  Ehrlich,  freauently  met  with  in  the  tissues,  give  similar  staining  reac  ions. 

Myeloc;tes  are  large  uninucleated  cells  with  neutrophil  or  oxyphil  granules. 
They  do  not  occur  in  normal  blood,  although  found  in  large  numbers  in  red 
marrow  They  are  often  strikingly  abundant  in  the  blood  in  cases  of  myelogenic 
Xmia,  and  have  been  seen  in  small  numbers  in  several  forms  of  an.mia  and 
in  certain  chronic  cachectic  conditions  (see  Leuksmia). 

With  regard  to  the  origin  and  development  of  the  different  forms  of 
leucocytes,  opinions  differ.  According  to  Ehrlich,  the  large  and  smaU 
lymphocytes  are  developed  in  lymphatic  tissue  m  various  parts  of  the 
body  The  large  uninucleated  leucocytes  and  transitional  forms  aie 
regarded  as  or^nating  in  the  bone  marrow.  Polymorphonuclear 
leucocytes  are  also  derived  from  the  bone  marrow-the  great  majority 
f  om  neutrophilic  myelocytes-a  very  small  minority  probably,  rom 
he  krge  unLcleated  cells.    Eosinophil  and  basophil  leucocytes  both 
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originate  in  the  bone  marrow — the  former  from  eosinophil-myelocytes. 
Thus,  according  to  Ehrlich,  all  the  leucocytes  originate  in  bone  marrow 
with  the  exception  of  the  large  and  small  lymphocytes,  which  are 
developed  in  lymphatic  tissues.  Only  in  rare  instances  do  the 
leucocytes  miUtiply  in  the  blood  stream. 

Blood-plates.  Bizzozero's  third  corpuscle. — Hayem  and  Bizzozero  have 
alleged  the  presence  of  a  third  form  of  corpuscle  in  the  blood.  Hayem  gives 
the  name  hsematoblast,  and  Bizzozero  that  of  Blutplattchen  to  this  corpuscle. 
Hayem's  name  implies  the  view  that  these  form  the  red  corpuscles,  and  as  this 
view  is  incorrect  the  name  is  inadmissible.  We  shall  refer  to  them  under  the 
designation  blood-plates  (see  Fig.  1,  PI.  I.).  They  are  small  colourless  bodies,  oval 
or  circular  in  outline  and  disc-shaped.  In  cold-blooded  animals  there  are  spindle- 
shaped  bodies  which  are  regarded  as  of  a  similar  nature.  The  blood-plates  undergo 
rapid  changes  when  once  removed  from  the  body,  running  together  into  indefinite 
granular  masses.  They  may  be  prevented  from  changing  if  the  blood  be  rapidly 
dried  on  a  cover-glass  and  stained  with  methyl-violet  (Schimmelbusch).  The 
existence  of  these  bodies  as  independent  formed  corpuscles  is  exceedingly  doubtful, 
and  their  appearance  is  probably  to  be  accounted  for  by  the  fact  that  various  inter- 
ferences with  the  blood,  and  especially  cooling,  causes  a  rapid  deposition  of  solid 
granules  having  the  forms  described  by  Bizzozero.  They  are  variously  regarded  as 
portions  of  globular  matter  extended  from  the  red  blood-corpuscle,  as  fragments  of 
disintegrated  nuclei  of  leucocytes,  or  as  masses  pf  precipitated  globulin.  The 
average  number  present  in  one  cubic  millimetre  of  blood  is  300,000.  The  number 
may  be  increased,  as  in  ansemia,  leuksemia,  and  other  diseases,  or  diminished,  as  in 
purpura,  htemophilia,  erysipelas,  malaria,  etc. 

Hsemoconla  (blood  dust)  is  the  name  given  to  the  minute  colourless  refractive 
bodies  met  with  in  blood,  and  resembling  in  appearance  fine  fat  granules  or 
micrococci.    Their  nature  and  significance  are  unknown. 

Literature.— Ehblich,  Zeitsch.  f.  klin.  Med.,  i.,  1880;  Charit6-Annal.,  1884  and 
1887;  Gdlland,  Laboratory  Eep.  Coll.  of  Phys.,  Edinb.,  iii.,  1891  (literature  to  1890), 
Jour,  of  Physiol.,  1894;  Haedy  and  Kanthack,  Jour,  of  Phys.,  1894;  Metchnikoff,' 
Inflammation,  1892  ;  Sherrington,  Proc.  Eoyal  Soc,  1892;  Lowit,  Stud.  z.  Phys.  u.' 
Path,  des  Blutes,  1892  ;  Grawitz,  Klinische  Pathologie  des  Blutes,  1895 ;  v.  Limbeck, 
Grundriss  ein.  klin.  Pathologie  d.  Blutes,  1896;  also  new  Syd.  Soc.  Transl.,  1901  i 
Ehrlich,  Lazarus,  etc.,  Nothnagel's  speciel  Pathologie  u.  Therapie,  1898-1901 ; 
Hayem,  Du  Sang,  1889  ;  and  Lemons  sur  les  Maladies  du  Sang,  1900 ;  Haldane  and 
LoBRAiN  Smith,  Jour,  of  Physiol.,  xxii.,  xxv.  Trans.  Path.  Soc,  Lond.,  li.,  1900 ; 
Cabot,  A  Guide  to  the  Clinical  Examination  of  the  Blood,  4th  ed.,  1901-  Ewing' 
Chnical  Pathology  of  the  Blood,  1901;  Da  Costa,  Clinical  Hematology  1902- 
Coles,  The  Blood,  2nd  ed.,  1902.  ' 


I. -GENERAL  HYPEREMIA.  PLETHORA. 
These  terms  designate  a  condition  in  which  the  total  quantity  of 
blood  in  the  body  is  in  excess.  The  number  of  red  corpuscles  is 
generally  set  down  as  normally  about  5  millions  per  cubic  millimetre 
m  men,  and  4-5  millions  in  women.  The  number  of  the  white  cor- 
puscles IS  much  more  variable,  increasing,  for  example,  after  a  meal, 
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but  it  may  be  set  down  as  6000  to  10,000  per  cubic  millimetre  (see 
Leucocytosis).  The  first  question  that  arises  here  is,  whether  the 
vascular  system  is  capable  of  accommodating  more  blood  than  it  con- 
tains normally.  There  is  no  difficulty  in  answering  this  question  in 
the  affirmative.  If  the  vessels  as  a  whole  could  contain  no  more  blood 
than  they  normally  hold,  then  there  could  be  no  local  variations,  no 
blushing,  no  increase  in  the  quantity  of  blood  during  activity  of 
organs.  The  capillaries  and  minute  arterioles  present  great  varia- 
tions in  the  amount  of  blood  they  contain  at  diflferent  times,  and 
if  we  take  the  whole  capillaries  of  the  body  into  account,  it  is  evident 
that  in  them  there  is  a  great  reserve  space  which  may  possibly  on 
occasion  be  used  for  the  accommodation  of  an  excess  of  blood.  This 
matter  has  been  brought  to  the  test  of  experiment,  blood  having 
been  transfused  into  the  circulatory  system  in  animals. 

Transfusion  of  Wood  is  the  artificial  introduction,  into  the  vascular  system,  of 
blood  from  another  person  or  animal. 

In  the  experiments  of  Worm  Muller,  which  are  chiefly  of  importance  here,  the 
deflbrinated  blood  of  dogs  was  injected,  with  precautions,  into  the  vessels  of 
animals  of  the  same  kind.  It  is  not  remarkable  that  the  vascular  system  can 
accommodate  a  large  additional  quantity  of  blood,  but  it  is  remarkable  that  it 
should  do  so  with  so  little  disturbance  to  the  health  of  the  animal.  A  quantity 
equal  to  a  half  or  three  fourths  of  the  blood  normally  present  in  the  animal  may  be 
injected  without  injuring  the  health  of  the  animal,  and  the  quantity  needs  to  be 
double  the  normal,  or  over  it,  before  the  animal's  health  is  seriously  impaired. 
It  might  be  expected  that  when  the  vascular  system  is  thus  overfilled  the  blood- 
pressure  would  be  greatly  raised,  but  registration  of  the  pressure,  by  a  cannula 
introduced  into  the  carotid  and  connected  with  a  kymographion,  shows  that 
though  during  the  actual  operation  there  is  a  rise  of  pressure,  yet  it  soon  falls 
to  within  normal  limits.  If  a  quantity  is  injected  more  than  equal  to  the  normal 
bulk  of  the  blood,  then  the  pressure  begins  to  show  remarkable  elevations  and 
depressions,  and  the  animal  usually  dies  in  the  course  of  the  same  day  or  the  next. 
Life  is  immediately  endangered  when  one  and  a  half  times  the  normal  bulk  is 
injected. 

When  blood  is  transfused  then  in  large  quantity  it  finds  accommodation  chiefly 
in  the  capillaries  and  veins,  the  arteries  being  relaxed  in  order  to  admit  of  its 
passing  into  these,  and  the  blood  pressure  is  not  raised.  It  appears  that  the 
capillaries  and  veins  of  the  abdominal  organs  form  a  great  reservoir  for  the 
accommodation  of  excessive  blood,  and  that  the  blood  after  transfusion  lodges 
here  chiefly. 

The  excess  of  blood  thus  supplied  to  an  animal  does  not,  however,  remain 
permanently  as  part  of  its  organism.  There  seem  to  be  arrangements  in  the 
body  for  disposing  of  it.  Worm  Muller  endeavoured  to  determine  what  time  it 
took  to  dispose  of  a  large  excess  of  blood.  After  the  transfusion  the  animals  were 
starved,  and  the  blood  and  urine  examined  at  intervals.  It  was  concluded  that 
the  fluid  of  the  blood  is  rapidly  disposed  of,  being  excreted  by  the  urine.  A  few 
hours  after  transfusion  much  of  the  excess  of  liquor  sanguinis  had  already  gone, 
and  even  when  a  quantity  equal  to  60  to  80  per  cent,  of  the  entire  blood  was 
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injected,  the  whole  excess  had  disappeared  in  the  course  of  two  or  three  days. 
The  rapid  disposal  of  the  liquor  sanguinis  leaves  the  blood-corpuscles  greatly 
in  excess,  and  the  rate  of  disappearance  was  determined  by  counting  them  by 
means  of  Malassez'  method.  If  the  quantity  transfused  is  small,  the  corpuscles 
may  be  disposed  of  in  a  few  days ;  but  in  the  case  of  large  transfusions  it  may 
take  two  or  even  three  weeks.  In  this  comparatively  short  period  of  time,  how- 
ever, the  whole  excess  of  blood,  both  plasma  and  corpuscles,  is  removed,  and  we 
may  infer  that  there  are  arrangements  in  the  body  for  the  regulation  of  the 
amount  of  blood. 

These  experiments  all  refer  to  the  transfusion  of  defibrinated  blood.  If  blood 
is  injected  when  just  about  to  coagulate,  or  if  when  it  has  just  begun  to  coagulate, 
some  of  the  serum  is  pressed  out  and  injected,  then  in  some  cases  the  animal 
dies  rapidly  with  symptoms  referable  to  pulmonary  embolism.  The  blood  in 
the  right  side  of  the  heart  and  pulmonary  artery  is  found  after  death  to  be 
coagulated.  The  explanation  of  this  is  that,  at  the  time  of  coagulation  of  the 
blood,  the  substances  resident  in  the  leucocytes  necessary  to  coagulation  are  set 
free.  It  appears  that  even  a  small  quantity  of  these  substances  introduced  in  the 
free  state  into  the  blood  of  a  living  animal  induces  coagulation  of  it.  The  importance 
of  these  facts  in  regard  to  transfusion  in  human  beings  should  not  be  overlooked. 

Hitherto  the  transfusion  of  blood  from  an  animal  of  the  same  kind  has  been 
referred  to,  dog's  blood  being  injected  into  a  dog.  But  when  blood  from  a 
different  species  of  animal  is  used  symptoms  of  poisoning  frequently  develop. 
The  urme.is  blood-coloured,  and  it  contains  albumen  and  tube  casts;  there  is 
vomitmg  of  bloody  material,  diarrhoea,  etc.  It  is  as  if  the  foreign  blood  had 
acted  as  a  poison,  and  we  may  inquire  what  is  the  nature  of  the  poison.  The 
observations  of  Ponfick  and  others  have  thrown  considerable  light  on  this  matter, 
liie  unne  is  blood-coloured,  but  microscopic  examination  shows  that  this  is  due 
f °^  '"^  blood-coi-puscles,  but  to  that  of  the  colouring  matter 
of  the  blood  m  solution.  It  is  not  a  bloody,  but  a  blood-coloured  urine;  not  a 
ha^matuna,  but  a  Hemoglobinuria.  The  fact  seems  to  be  that  there  is  no  poison 
m  the  foreign  blood  plasma,  but  that  the  corpuscles  are  unable  to  survive  in 
1.,.    \        '  ^^"^  haemoglobin  being  dissolved  in  the 

fts  dit'!  '  r'°"'  "  ^li-i-^-ted  by  the  kidneys.  It  seems  to  exercise 
lum  n    n  Th  I  '^"^^^^  themselves,  the  tube  casts  and 

ZTT       .  '"'^"'^''^^  °^        ^'•"t^^i"^  °f  tl^ese  organs.  The 

T    toTT''  T.^'^*'       ^"-^^^^  '''''''"'^  ^°  °f  the  kidneys, 

oth     n  th^r  .^"/--^^'^  exactly  in  the  same  relation  to  each 

Ws  bloo   tharo  'h      1l   T''  ^  1-'^tity  of 

an"e  of  ttt  tl  ^'^  """^  P^'^'^^-^  hemoglobinuria  in  a  dog.    The  import- 

In  iif  Place  t  "  T    '°  ^^'^^^"^--^     ^'^e  species  will  be  apparent, 

to  Panum  ac       Tood  T'',  ''''  *^-^"^^"^^<^  --^'d-g 

tran  fusfo'n  d  e  „    ave"  fd  T  ^ "       '"'"^^  '^^^^^^'S^-S 
increasing  thTZte  Z  Z     7    !  °'  '^-t-^  by 

object  is  to  make  UP  the  bul        I'm'T      '  ^^'^^'--^  P"-ipal 

of  serum  or  soluMon  „  t  u  '^''^''^  -j-^L 

making  the  soTu^nelrsT^^^^^^^^^^^ 

presumed  that  in  some  persons  the  blood-forming  organs, 
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probably  along  with  the  other  structures  of  the  body,  are  unduly  active 
in  their  nutritive  processes.  In  that  case  there  may  be  an  excess  of 
blood  in  the  vascular  system,  which  will  manifest  itself  in  an  overful- 
ness  of  the  capillaries  and  veins  throughout  the  body,  but  especially  in 
those  of  the  abdominal  viscera.  Persons  of  vigorous  digestion  and 
active  habits  have  often  a  florid  appearance,  as  if  the  vessels,  of  the 
skin  at  least,  were  overfilled.  The  excess  of  blood  is  used,  to  a  con- 
siderable extent,  in  the  formation  of  fat,  and  we  know  that  the  sub- 
cutaneous adipose  tissue  and  that  of  the  abdomen  are  often  much 
increased.  But  the  observations  mentioned  above  show  that  any 
excess  of  blood  is  disposed  of  with  considerable  rapidity,  and  we  may 
infer  that  in  the  human  subject  a  moderate  tendency  to  plethora  will 
be  overcome.  Plethora  will  develop  when  the  formation  of  blood 
keeps  in  advance  of  its  destruction  by  the  arrangements  provided 
for  that  purpose. 

The  term  liydrsemic  plethora  is  used  to  designate  a  condition  in  which  the 
quantity  of  the  blood  is  in  excess,  but  the  corpuscles  and  dissolved  constituents  of 
the  plasma  are  deficient.  The  blood  is  abundant,  but  watery.  This,  which  is  not  a 
permanent  or  independent  condition,  is  discussed  in  relation  to  oedema  further  on. 

There  may  be  a  certain  amount  of  plethora  resulting  from  the 
stoppage  of  customary  bleedings,  as  from  piles,  excessive  menstrua- 
tion, etc.,  and  there  mil  be  a  definite  increase  in  the  amount  of  blood 
relatively  to  the  capacity  of  the  vessels  when,  before  amputation  of  a 
limb,  its  vessels  are  emptied  into  the  circulation  by  the  application  of 
an  elastic  bandage. 

We  have  again  an  increase  in  the  total  volume  of  the  blood  in  cases 
where  the  capacity  of  the  vascular  system  is  increased.  This  occurs 
in  many  cases  of  disease  of  the  heart,  where  not  only  the  cavities  of 
the  heart  are  often  greatly  dilated,  but  the  capillaries  and  veins  in 
the  liver,  kidneys,  etc.  Some  of  the  symptoms  in  heart  diseases  may 
be  due  to  difficulty  in  dealing  with  the  increase  of  the  mass  of  blood. 

In  new-born  children  there  will  frequently  be  a  sudden  increase  of 
the  mass  of  the  blood.  Before  birth  the  f(Btal  blood  is  divided  between 
the  child  and  the  placenta.  After  the  birth  of  the  child,  if  the  um- 
bilical cord  be  not  immediately  ligatured,  the  contraction  of  the  uterus 
will  empty  the  foetal  part  of  the  placenta  into  the  child.  It  has  been 
estimated  that  this  will  sometimes  amount  to  100  grammes,  or  equal  to 
one  half  the  previous  bulk  of  the  blood.  A  portion  of  this  blood  m\\ 
be  accommodated  in  the  lungs,  which,  on  their  inflation,  increase  the 
capacity  of  their  vessels,  but  these  will  not  always  take  up  the  Me 
excess.  It  is  asserted  by  some  that  the  common  icterus  of  the  new-born 
(see  Icterus)  is  due  to  the  disposal  of  the  excess  of  red  corpuscles. 
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Literature. — Wobm  Moller,  Transfusion  u.  Plethora,  1875;  Panum,  Virch. 
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Wochensch.,  1879,  No.  52  ;  Jennings,  Transfusion  of  blood  and  saline  fluids,  1888  ; 
Thoma,  Path,  and  Path.  Anat.  (transl.  Bruce),  1886.    See  also  literature  (p.  455). 


II. -GENERAL  ANEMIA. 

The  term  AnaBmia  means  literally  want  of  blood,  but  it  is  used 
in  a  wider  sense  to  indicate  defect  in  any  of  the  essential  constituents 
of  the  blood.  As  the  red  corpuscles  are,  so  far  as  the  general  function 
of  the  blood  is  concerned,  the  chief  constituents,  the  term  anaemia  is 
given  to  conditions  in  which  these  elements  are  defective  either  in 
number  or  in  their  characteristic  pigment.  Spanasmia,  which  means 
poverty  of  blood,  would  more  strictly  designate  these  conditions,  but 
this  term  is  seldom  used. 

As  the  blood  may  be  defective  in  its  various  constituents  different  terms  are  used 
to  indicate  the  character  of  the  defect.  Oligsemia  is  a  defect  in  the  bulk  of  the 
blood  as  a  whole,  such  as  results  from  a  severe  hemorrhage,  and  it  is  virtually 
equivalent  to  Acute  traumatic  ansemia.  OUgocythsemia  is  a  defect  in  the  number 
of  the  red  corpuscles.  This  condition  is  sometimes  called  Aglohulism.  When  the 
red  corpuscles,  although,  perhaps,  normal  in  number,  are  deficient  in  hfemoglobin, 
the  condition  is  called  Achromatosis.  A  watery  or  dilute  condition  of  the  liquor 
sanguinis  is  called  Hydraemia.  As  the  essential  constituent  of  the  blood  plasma  is 
albumen,  the  term  Hypalbuminosis  is  used  instead  of  'hydrsemia,  especially  in  cases 
where  there  is  a  direct  drain  on  the  albumen. 

1.  Causation.— We  have  here  to  do  with  defects  in  the  red  cor- 
puscles, and  such  defects  may  arise  either  by  loss  or  destruction  of  the 
corpuscles  or  by  some  fault  in  their  formation,  or  by  bath  combined. 

(ft)  Anaemia  from  loss  and  destruction  of  the  corpuscles.— Loss 
occurs  most  directly  in  hasmorrhages  where  the  blood-corpuscles,  like 
the  rest  of  the  constituents,  are  shed. 

Destruction  of  the  corpuscles  in  the  circulating  blood  is  met  with 
m  a  variety  of  conditions.  It  occurs  very  directly  in  malarial  fevers 
by  the  action  of  the  parasites  concerned  in  the  causation  of  this  class 
of  disease.  The  anaemia  produced  is  a  very  striking  and  frequent 
teature.  In  some  malarial  fevers,  especially  the  severe  forms  of 
Atrican  fever,  hgematuria  is  mentioned  as  a  frequent  symptom.  This 

In'SxL'f       f  ^'''r'"'  '"^^  corpuscles. 

In  Texas  fever  of  cattle,  which  seems  to  be  due  to  a  similar  parasite,  a 

ZTlZTV'/''''  "^^^^  popular  name 'of 
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HaBmoglobinuria  is  also  of  occasional  occurrence  in  burns  which 
involve  extensive  tracts  of  skin,  also  in  py«mia,  in  certain  fevers,  and, 
as  a  special  form,  in  Paroxysmal  hsemoglobinuria. 

Hsemoglobinuria  (Haimoglohwmmia).-~W&  have  already  considered  at  p.  457  the 
mode  of  occurrence  of  hojmoglobinuria  when  alien  blood  is  transfused.  It  has  been 
also  produced  artificially  by  the  intravenous  injection  of  distilled  water,  and  biliary 
acids  and  by  the  hypodermic  injection  of  diluted  glycerine.  Extensive  burns 
of  the  skin,  by  destroying  the  vitality  of  the  corpuscles  in  the  vessels  exposed 
to  the  high  temperature,  induce  their  ultimate  solution.  Certain  poisons  also 
partially  dissolve  the  corpuscles,  especially  arseniuretted  hydrogen  and  toluylendi- 
amin.    It  occurs  also  in  new-born  children.    (See  under  Icterus.) 

Paroxysmal  hsemoglobinuria  is  a  condition  in  which  the  red  corpuscles  are 
peculiarly  susceptible  of  solution,  which  is  induced  by  slight  causes.  The  com- 
monest cause  is  exposure  to  cold,  but  a  case  is  recorded  in  which  it  always  occurred 
in  a  soldier  after  a  long  march.  As  exposure  of  the  surface  to  cold  is  the  usual 
cause,  the  affection  occurs  mostly  in  winter,  but  Eosenbach  produced  it  in  summer 
by  a  cold  foot  bath.  The  hemoglobin  is  set  free  by  the  solution  of  the  corpuscles. 
Ehrlich,  in  a  case  of  this  kind,  put  an  elastic  ligature  round  the  finger  and 
immersed  the  latter  in  ice-cold  water.  A  drop  of  blood  from  the  finger  showed  the 
corpuscles  in  various  stages  of  decolorization,  and  also  altered  in  size  and  shape 
{microcytes  and  poikilocytes).  The  urine  in  hfemoglobinuria  gives  a  precipitate  on 
heating  like  that  of  albumen,  but  this  is  hcemoglobin.  The  haemoglobin  is  found 
in  the  urine  in  the  form  of  little  beads,  often  in  rows,  and  sometimes  forming  casts 
of  the  uriniferous  tubules. 

The  free  haemoglobin  may  stain  the  tissues,  but  this  does  not  usually  occur  unless 
,  the  haemoglobin  is  transforined  into  hffimatoidin.  The  so-called  hfematogenous 
icterus,  observed  in  pyaemia  and  other  conditions,  has  this  origin.  (See  under 
Icterus.)  Eecklinghausen  found  crystals  of  hasmatoidin  in  the  blood  in  a  case  in 
which  lamb's  blood  had  been  used  for  transfusion. 

A  more  obscure  mode  of  destruction  is  that  which  occurs  in  perni- 
cious ansBmia,  where  a  progressive  diminution  of  the  red  corpuscles  is 
met  with.  That  this  is  due  to  destruction  of  the  red  corpuscles  is 
evidenced  by  the  striking  deposition  of  pigment  in  the  liver  which 
is  characteristic  of  this  disease. 

{}))  Anaemia  from  defective  formation  of  the  corpuscles.— This  is 
the  condition  in  chlorosis,  where  a  defect  in  the  blood-forming  organs 
is  probable.  Secondary  anajmias  also  belong  to  this  category.  In 
them  there  is  some  defect  in  the  general  conditions  of  life  or  some 
grave  disease  which,  by  lowering  the  nutrition  as  a  whole,  leads  to 
defect  in  the  blood. 

2.  Character  of  the  changes  in  the  blood.— From  what  has  gone 
before  it  will  be  apparent  that  in  the  different  forms  of  anaemia  the 
state  of  the  blood  will  vary  considerably,  and  it  will  be  proper  to  refer 
to  each  individually.  The  condition  of  the  red  corpuscles  is  the  most 
important  point.     Their  numbers  may  be  estimated  by  one  of  the 
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forms  of  Hffimocytometer  founded  on  the  method  of  Malassez,  and  the 
amount  of  their  haemoglobin  may  be  determined  by  the  Hsemoglobino- 
meter,  in  which  the  depth  of  colour  is  compared  with  a  standard 
solution. 

In  anaemias  due  to  hsemorrhag^e,  in  which  a  direct  loss  of  the 
red  corjauscles  has  occurred,  the  number  of  the  corpuscles  is  reduced, 
and  the  plasma  is  watery. 

Immediately  after  a  severe  hfemorrhage  we  have  an  actual  Oligsemia,  but  this 
simple  reduction  in  the  bulk  of  the  blood  does  not  long  remain,  as  various  processes, 
ensue  which  modify  the  condition  of  the  blood.  In  the  first  place,  the  bulk  of  the 
blood  is  rapidly  made  up  by  absorption  from  the  tissues  and  alimentary  canal,  and 
by  diminution  of  the  excretion  of  water  by  the  kidneys.  The  result  is  that,  while 
the  bulk  of  the  blood  is  made  up,  the  plasma  is  watery  and  the  red  corpuscles 
deficient,  a  condition  of  OUgocythaemia  and  Hydrsemia.  In  the  blood,  soon  after  a 
hflsmorrhage,  there  is  a  certain  proportional  excess  of  white  corpuscles,  a  Leuco- 
cytosis.  This  arises  partly  from  the  fact  that  the  leucocytes,  being  more  adhesive 
than  the  red  corpuscles,  do  not  escape  so  readily  as  these,  and  also  because  the 
leucocytes  are  more  rapidly  renewed  than  the  red  corpuscles. 

If  there  has  been  a  single  hsemorrhage  the  blood  is  gradually, 
although  slowly,  restored.  The  plasma  comparatively  soon  recovers 
its  due  concentration,  but  the  red  corpuscles  are  very  slowly  replen- 
ished, and  it  may  be  weeks  or  months  before  their  number  is  made  up. 
The  condition  of  the  blood  itself  will  interfere  with  the  activity  of  the 
blood-forming  organs  amongst  the  others.  Where  there  are  repeated, 
although  small,  hemorrhages,  a  more  or  less  permanent  hydra3mia  and 
oligocythfemia  result. 

In  malarial  fevers  and  in  conditions  characterized  by  h£emoglobin- 
uria,  the  conditions  are  similar  to  those  resulting  from  haemorrhage ; 
there  is  a  defect  in  the  number  of  the  red  corpuscles.  ^ 

Pernicious  anemia,  or  essential  aneemia,  is  a  condition  in  which 
without  apparent  cause,  the  blood  progressively  deteriorates  In 
some  cases  which  were  supposed  during  life  to  present  the  features 
of  this  disease,  post-mortem  examination  has  revealed  organic  disease 
of  the  intestinal  canal,  such  as  a  deep-seated  cancerous  tumour  or 
(according  to  Nothnagel  and  Fenwick)  an  induration  of  the  stomach 
with  atrophy  of  the  gastric  glands,  or  it  may  be  the  presence  of 
nitestinal  parasites  such  as  ankylostomum  duodenale,  bothriocephalus 
latus  but  these  cases  ought  to  be  removed  from  the  present  category 

confirm:?:r^^^^^  Peters   Bussell,  and  others,  which  have  been 
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Neumann  hasmosiderin  (see  page  394).  The  iron  is  demoastrable  by  micro-chemical 
tests,  sulphide  of  ammonium  giving  a  dark  colour,  and  ferrocyanide  of  potassium 
with  dilute  hydrochloric  acid,  the  usual  Prussian  blue.  The  pigment  is  present 
chiefly  in  the  outer  two  thirds  of  the  hepatic  lobules,  and  is  contained  in  the 
hepatic  cells  (Fig.  275).  The  cells  in  the  central  parts  of  the  lobules  usually  show 
fatty  degeneration.  A  similar  pigment  is  sometimes  present  in  the  kidney,  where 
it  is  found  mostly  in  the  epithelium  of  the  convoluted  tubules.  The  bone-marrow 
also  contains  an  excess  of  pigment  in  which  iron  is  present.  On  the  other  hand, 
the  spleen  does  not  as  a  rule  contain  an  excess  of  iron,  although  usually  enlarged. 

From  these  observations  it  may  be  inferred  that  in  pernicious  anaemia  there 
is  a  great  destruction  of  red  corpuscles  in  the  blood,  the  haemoglobin  not  passing 
unchanged  into  the  urine  as  in  haemoglobinuria,  but  being  caught  and  stored, 


Pig  275.— Liver  in  pernicious  anajmia.  The  dark  granules  are  blue  in  the  specimen. 
They  are  in  the  cells  in  the  peripheral  parts  of  the  lobules. 

in  an  altered  form,  in  the  liver.  Toluylendiamin,  when  injected  into  the  blood 
of  animals,  induced  a  similar  destruction  of  red  corpuscles  in  the  portal  circula- 
tion and  a  similar  accumulation  of  iron  in  the  liver.  In  these  experiments  also 
there  was  no  htemoglobinuria.  On  the  analogy  of  this  poison,  it  is  inferred  by 
Hunter  that  pernicious  amemia  is  due  to  a  poison  absorbed  from  the  intestine. 
It  is  not,  however,  necessary  to  infer  that  the  destruction  of  the  red  coi-puscles 
occurs  ir^  the  portal  vessels,  as  granular  pigment  in  the  general  circulation  is 
known  to  be  deposited  by  preference  in  the  liver. 

In  this  disease  there  is  a  marked  deficiency  in  number  in  the  red 
corpuscles;  they  have  been  found  as  few  as  500,000  instead  of 
.5  000,000  in  the  cubic  millimetre.  Although  deficient  in  number, 
they  '  are  not  usually  defective  in  ha3moglobin.  There  may  in 
fact  be  a  relative  increase  of  haemoglobin.  Besides  this  the  red 
corpuscles  show  marked  varieties  in  size  and  shape  (see  Fig.  7,  Fl.  il.). 
In  most  cases  there  are  to  be  detected  in  the  blood  during  life, 
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small,  globular,  deeply-coloured  red  corpuscles,  which  are  evidently- 
altered  red  corpuscles.  These  have  been  named  Microcytes.  In  addi- 
tion forms  considerably  larger  than  normal  red  blood-corpuscles  are 
found.  These  are  called  Meg^alocytes,  or  Macrocytes.  There  have 
also  .been  observed  red  corpuscles  of  various  forms  (Poikilocytes). 
Nucleated  red  corpuscles  are  also  occasionally  present.  These  are 
young  red  corpuscles  or  erythroblasts  (Normoblasts),  and  represent 
probably  an  attempt  on  the  part  of  the  blood  to  replenish  those 
which  have  been  destroyed.  To  the  larger  forms  of  these  the  name 
Meg^aloblast  is  given ;  to  the  smaller  forms  Microblast. 

The  condition  of  the  spleen  varies  considerably ;  sometimes  it  is 
enlarged,  it  may  be  greatly  so,  sometimes  it  is  scai'cely  at  all  altered. 
There  may  be  also  in  it  variously  altered  red  corpuscles,  as  in  the 
bone-maiTow.    In  some  cases  the  lymphatic  glands  are  enlarged. 

Chlorosis  is  a  form  of  anaemia  which  occurs  in  females,  usually 
about  the  time  of  puberty.  The  condition  here  is  rather  that  of 
deficiency  of  hajmoglobin  than  of  corpuscles,  as  the  latter,  although 
usually  deficient  in  number,  may  not  be  so.  The  achromatosis  may 
be  such  as  to  indicate  that  the  hajmoglobin  is  reduced  to  a  half  or 
a,  foiu-th  of  the  normal.  The  rapid  recovery  of  cases  of  chlorosis 
under  treatment  with  iron  is  consistent  with  the  fact  that  it  is  not 
so  much  replenishment  of  red  corpuscles  as  of  haimoglobin  that  is 
needed. 

The  occurrence  of  chlorosis  at  puberty  has  suggested  as  its  cause  some 
defect  in  the  sexual  organs,  and  there  are  cases  in  which  the  uterus  or  ovaries 
have  been  imperfect  (Eokitansky).  But  in  the  majority  of  cases  this  is  not  so 
and  It  is  more  probable  that  the  changes  at  puberty  develop  the  condition  by 
throwing  an  extra  strain  on  the  blood-forming  organs.  Virchow  has  observed 
in  cases  of  chlorosis  certain  congenital  defects  in  the  vascular  apparatus,  the 
chief  of  which  are  narrowness  and-  thinness  of  the  aorta,  irregularity  in  the 
origm  of  the  branches  from  the  aorta,  and  smallness  of  the  heart.  The  narrow- 
ness of  the  aorta  may  lead  to  compensatory  hypertrophy  of  the  heart  in  the 
same  way  as  a  narrowness  of  the  aortic  orifice.  These  lesions  do  not  explain 
the  chlorosis  but  they  suggest  the  existence  of  a  congenital  defect  in  the  vascular 
sys  em  which  may  extend  to  the  blood-forming  organs,  and  may  cause  them  to 
give  way  to  the  strain  of  puberty. 

Secondary  anemias  are  generally  due  to  grave  exhausting  diseases, 
.uch  as  phthisis  pulmonalis,  ulcerating  cancers,  Hodgkin's  disease 
ul  t  """^""'^  ly'^Pl^atica),  leukaemia,  fevers,  albumin- 

thTt'  o  hvJ       r  V""'  ^« 

s  waterv     T!i%°^-   ^^^^^  "^'^  oligocytha^mia ;  the  blood 

nuslles  1  f'".'  '^^'P^^^l^^'  remaimng  cor- 

puscles are  generally  of  normal  colour.  ^ 
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3.  The  condition  of  the  bone-marrow  in  anaemias. — In  almost  all 
forms  of  anaemia  the  bone-marrow  shows  alterations  which  vary  in 
different  cases,  and  are  most  extreme  in  advanced  cases  of  pernicious 
anaemia.  The  normal  bone-marrow  is  of  two  sorts :  the  red,  which 
occupies  all  the  bones  in  the  fcetus  and  in  young  persons ;  and  the 
yellow,  which  replaces  the  red  in  the  shafts  of  the  long  bones 
in  adult  life,  leaving  the  red  in  the  cancellous  tissue  of  the  short 
bones  and  partly  in  that  of  the  long  bones.  In  anaemias,  and  more 
particularly  in  pernicious  anaemia,  there  is  a  recurrence  to  the  con- 
dition of  red  marrow  in  the  shafts  of  the  long  bones,  and  there  is 
frequently  an  atrophy  of  the  bony  lamellae,  so  as  to  accommodate 
more  of  the  altered  marrow.  We  have  thus,  instead  of  the  yellow 
adipose  marrow,  a  red  semi-fluid  substance  in  which  there  may  be 
no  adipose  cells,  or  only  a  few.  As  the  normal  red  marrow  is 
evidently  an  active  tissue  as  compared  with  adipose  tissue,  and  as 
the  abnormal  red  marrow  of  anaemias  is  virtually  of  the  same  structure 
as  the  normal,  it  has  been  inferred  that  we  have  here  a  hypertrophy 
of  the  marrow.  As  the  marrow  is  to  be  regarded  as  the  principal 
source  of  the  red  corpuscles,  the  increase  of  its  active  tissue  may 
be  taken  to  imply  an  increased  formation  of  red  corpuscles.  (See 
further  under  Bones  and  Joints.) 

In  the  altered  bone-marrow  there  is  an  increased  number  of 
nucleated   red  corpuscles  or  erythroblasts  (Fig.  8,  PI.  II.).  Large 

and  small  forms  may  be  seen  with 
mitotic  or  fragmented  nuclei.  In  some 
cases  of  long  standing  exceedingly  large 
forms  (Gigantoblasts)  are  found.  The  ery- 
throcytes show  the  same  variation  in 
size  and  form  observed  in  the  blood. 
The  large  uninucleated  marrow  cells  with 


,  ■  ,   then'  fine  neutrophil  or  coarse  eosmopbil 

Fig.  276.-From  red  marrow  which    ^^^^^  i-  . 

had  replaced  the  yellow  marrow  of  p;j.anules  are  readily  rccognised  (J^  Ig.  .^/oj. 

the  shaft  of  the  femur  in  Permcious   to  i         •  1 

Ansemia.  a.  Nucleated  red  coipuscies.  -pjiey  are  Icss  uumerous  than  m  normal 

c  A  rod  corpuscle  with  granular  uuc-  J  ^    ,  •    ■        j-  •   <.  +• 

leus.  b,  Marrow  cells  with  eosinophil  ^aarrow.    Cclls  Containing  disintegrating 

red  blood-corpuscles  are  usually  toler- 
ably abundant.  The  myeloplaques  or  giant  cells  of  the  marrow 
are  not  evidently  increased  in  number  or  size. 

4  Other  changes  met  with  in  general  anaemias.— The  altered 
condition  of  the  blood  commonly  induces  other  changes,  which  are  not 
peculiar  to  any  form  of  ana3mia,  but  are  liable  to  be  more  pronounced 
the  greater  the  degree  and  the  longer  the  duration  of  the  disease. 
The  condition  of  the  blood  interferes  with  nutrition  and  function,  and 
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the  most  definite  changes  are  degenerative,  more  particularly  fatty 
degeneration.  This  manifests  itself  chiefly  in  the  heart  (see  under 
Heart),  but  it  also  occurs  in  the  walls  of  the  blood-vessels.  In  this 
connection  the  frequency  of  htemorrhages  in  pernicious  anaemia  should 
be  borne  in  mind.  In  chlorosis  and  other  antemias  a  yellow  figui'ing 
of  the  intima  of  the  aorta  due  to  fatty  degeneration  is  frequently 
observed.  (See  under  Diseases  of  Blood-vessels.)  There  may  also  be 
fatty  degeneration  of  the  epithelium  of  the  kidneys  (frequent  in 
phthisis  pulmonalis)  and  of  the  hepatic  cells  in  the  liver.  There  is 
also  in  some  cases  the  change  in  the  bone-marrow  already  referred  to. 
Changes  in  the  spinal  cord  in  the  form  of  sclerosis,  sometimes  extensive 
and  often  irregularly  distributed,  are  not  infrequent  in  pernicious 
antemia  and  minute  haemorrhages  into  the  brain,  and  meninges  are 
sometimes  seen. 

Experiments  on  dogs  show  that  successive  large  htemorrhages  rapidly  produce 
fatty  degeneration  of  the  muscle  of  the  heart.  The  author  met  with  a  case  in 
man  in  which  a  single  very  severe  hasmorrhage  led  to  a  very  pronounced  fatty 
degeneration  of  the  heart,  having  the  usual  characteristic  naked-eye  appearances 
of  that  condition  (which  see). 

Splenic  Anaemia.— This  is  the  name  given  by  some  to  an  uncommon  form  of 
profound,  usually  rapidly  progressive  anajmia,  in  which  great  splenic  enlargement 
is  an  obvious  feature.  In  cases  of  this  kind  there  is  no  increase  in  the  white  blood- 
corpuscles  as  in  Leukffimia  (see  further  on) ;  on  the  contrary  there  is  frequently  a 
decrease.    The  blood  shows  the  changes  met  with  in  grave  anosmia. 

Literature.— Andral,  Essai  d'hematol.  path.,  1843;  Wunderlich,  Path.  Phys. 
des  Blutes,  1845;   Malassez,  De  la  numeration  des  globules  rouges  du  sang 
1873;  Hatem,  Gaz.  Med.,  1876;  Arch,  de  Phys.,  1887;  Jones,  Amer.  Jour,  of 
Med.  Sc.,  1880;  Harris,  St.  Barth.  Hosp.  Rep.,  vol.  xx.,  1884;  Hoppe-Seyler, 
Phys.  Chemie,  1881 ;   Gamgee,  Physiol,  chemistry,  vol.  i.  (see  also  Literature, 
page  455).    Hmmoglobinuria—LicHTHiiTM,  Volkmann's  Vortrage,  No.  134-  Lesser 
(Burns),  Virch.  Arch.,  vol.  Ixxix. ;  Winkel,  Deutsch.  med.  Wochenschr.,  1879 
No.  24;  WicKHAM  Legg,  St.  Barth.  Hosp.  Rep.,  vol.  x.,  1874;   Forrest  and 
FiNLAYsoN,  Glas.  Med.  Jour.,  1879;  Ponfick,  Berl.  klin.  Woch.,  1883  No  25 
Permctom  Ancemia-\Yii.Ks,  Guy's  Hosp.  Rep.,  1857  ;  Lect.  on  path,  anat.,  1859  ■ 
IMKERMAN,  Ziemsseu's  Handb. ;  Zenker,  Deutsch.  Arch.  f.  klin.  Med    vol  xii  •' 
EicHHORST,  Die  progressive  perniciose  Anamie,  1878;  Broadbent,  Practitioner', 
1870 ;  CoHNHEiM,  Virch.  Arch.,  vol.  Ixviii. ;  Wai^dstein,  Virch.  Arch.,  vol.  xci  • 
Mtjsser  (Pernic.  Anasm.  in  America),  Philadelphia  Med.  Times,  1885;  Dickinson,' 
Path.  Soc.  trans.,  vol.  xxix.,  1878;  Quincke,  Deutsch.  Arch.  f.  khn.  Med  xxv 
xxvu   xxxju. ;  Peters  ibid.,  1878,  xxxii. ;  Hunter  (literature  fully),  Lancet,'  1888,' 
vol.  u.;  Mackenzie,  ibid.,  1878,  vol.  ii. ;  Coupland,  ibid.,  1881,  vol.  i. ;  Braken- 
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WiLLOCKS,  Lancet,  1881 ;  Bokitansky,  Lehrb.  d.  path.  Anat.,  vol.  ii. ;  von  Limbeck, 
Klin.  Path.  d.  Blutes,  1896  (see  also  Literature,  page  455) ;  Allbutt  (svith  litera- 
ture), Syst.  of  Med.,  v.,  1898 ;  West  (Splenic  Anajmia),  ibid.,  v.,  1898. 


III.— LEUCOCYTOSIS. 


In  this  condition  the  number  of  leucocytes  in  the  peripheral  vesseLs 
of  the  blood  is  above  the  normal  standard.  The  same  holds  true,  as 
we  shall  see,  in  the  case  of  Leukaemia.  The  tw^o  conditions  are  not 
therefore  to  be  differentiated  one  from  another  by  the  number  of 
leucocytes  present  in  the  blood,  but  rather  by  their  nature.  In  the 
great  majority  of  cases  of  leucocy tosis,  it  is  the  polymorphonuclear 
leucocytes  which  are  increased  in  amount,  while  in  Leukaemia  the 
increase  affects  other  forms,  and  in  addition  there  are  present 
elements  foreign  to  normal  blood. 

We  have  seen  that  the  number  of  leucocytes  in  normal  blood 
varies  greatly,  and  that  it  is  usually  stated  as  from  6,000  to  10,000 
per  cubic  millimetre.  But  many  purely  physiological  conditions  are 
capable  of  causing  an  increase.  Thus,  after  violent  exercise,  during 
digestion,  and  in  the  later  stages  of  pregnancy  there  is  a  Physio- 
logical Leucocytosis.  In  newly-born  infants  the  number  of  leucocytes 
present  in  the  blood  is  greater  than  in  the  case  of  adults.  In  some 
people  it  has  been  found  that  massage,  electricity,  and  bathing  in 
cold  water  induces  a  temporary  leucocytosis. 

The  occurrence  of  leucocytosis  is  associated  with  various  patho- 
logical conditions.  Pathological  Leucocytosis  is  of  great  importance 
and  often  of  special  diagnostic  significance.  Large  losses  of  blood 
may  induce,  usually  rapidly,  a  moderate  leucocytosis  (Post-hcemmrhagic 
leucocytosis).  A  large  number  of  inflammatory  lesions  are  associated 
with  increase  in  the  number  of  leucocytes  in  the  blood  (Ivflammatory 
leucocytosis).  As  a  rule  the  more  virulent  the  process  the  more  marked 
the  leucocytosis.  In  severe  cases  of  peritonitis,  for  example,  the  increase 
may  be  tenfold.  In  suppiu-ative  inflammations  and  septic  processes 
generally  it  is  well  marked  (Fig.  3,  PI.  I.).  The  majority  of  the  diseases 
already  considered  under  the  head  of  acute  infective  diseases  are 
associated  with  leucocytosis  {Infective  leucocytosis).  This  is  particularly 
the  case  with  regard  to  pneumonia,  diphtheria,  smallpox,  scarlet  fever, 
anthrax,  etc.  The  introduction  into  the  body  of  various  toxic  sub- 
stances, therapeutically  or  otherwise,  is  followed  by  an  mcrease  m 
the  number  of  leucocytes  in  the  blood  {Toxic  leucocytosis).  Further, 
in  most  cases  of  extensive  malignant  disease  and  in  many  other 
cachectic  conditions  leucocytosis  is  present  {CaMic  leucocytosis),  while 
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in  many  chronic  aiiections  a  similar  condition  may  develop  shortly 
before  death  {Terminal  Imcocytosis). 

It  wall  be  evident  from  the  above  enumeration  that  leucocytosis 
is  a  concomitant  of  many  widely  difFei'ing  pathological  conditions. 
It  is  equally  important  to  bear  in  mind  that  in  affections  allied  to 
those  just  mentioned  leucocytosis  may  be  absent.  Thus  in  uncom- 
plicated cases  of  typhoid  fever,  in  influenza,  measles,  and  many 
cases  of  malaria  its  absence  may  be  of  diagnostic  value.  In  the  case 
of  the  great  majority  of  the  many  manifestations  of  tuberculosis  the 
same  holds  true.  Indeed,  in  most  of  the  affections  just  mentioned 
the  number  of  leucocytes  may  be  considerably  below  the  normal 
{Leucopeniri). 

As  has  been  mentioned,  the  increase  mainly  affects  the  polymorpho- 
nuclear leucocytes,  but  an  increase  in  the  number  of  lymphocytes — 
Lymphocytosis — may  occur.  In  the  blood  of  newly-born  children  the 
leucocytosis  is  mainly  a  lymphocytosis,  and  in  many  diseases  of 
infancy,  especially  gastro-intestinal  aflections,  the  same  tendency  has 
been  noted.  Post-ha3morrhagic  leucocytosis  is  often  associated  with 
increase  in  the  number  of  lymphocytes  and  a  similar  increase  has 
been  observed  in  rickets,  syphilis,  certain  cases  of  malignant  disease, 
and  other  cachectic  conditions. 

Further,  a  relative  or  absolute  increase  in  the  number  of  eosinophil 
leucocytes  (Eosinophilia)  may  be  present.  This  has  been  found 
in  a^  large  number  of  diseases  due  to  the  presence  of  animal 
parasites,  e.g.  trichinosis,  ankylostomiasis,  in  a  number  of  diseases 
of  the  skin,  e.g.  pemphigus,  dermatitis  herpetiformis,  and  in  certain 
cases  of  malaria,  sarcoma,  asthma,  osteomalacia,  etc. 

To  determine  the  fact  of  leucocytosis  is  a  comparatively  simple 
matter.  It  is  much  more  difficult  satisfactorily  to  account  for  the 
presence  of  leucocytes  in  increased  numbers  in  the  blood.  Most 
recent  observers  agree  in  regarding  the  phenomenon  as,  in  part  at 
least,  a  manifestation  of  chemiotaxis  (see  page  123).  The  leucocytes 
m  the  capillaries  of  the  internal  organs  and  especially  in  the  bone 
marrow  are  attracted  into  the  peripheral  blood  stream.  Prior  to  the 
occurrence  of  leucocytosis  there  may  be  an  actual  leucopenia  in  the 
peripheral  circulation.  This  is  usually  of  short  duration  and  is  not 
present  m  all  cases. 

IV.— LEUKEMIA.  LEUCOCYTH^MIA. 
These  terms  mean  literally  white  blood  and  white-cell  blood,  and 
they  express  a  condition  in  which  the  blood  is  sometimes  to  an 
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extreme  degree  light  in  colour,  from  the  fact  that  the  white 
corpuscles  are  in  great  excess.  The  excess  of  leucocytes  is  ex- 
pressed by  the  term  Leucocythaemia,  originally  applied  by  Bennett, 
but  now  generally  discairled  foi'  Virchow's  term  Leukaemia.  The 
disease  is  not,  however,  inWy  expressed  by  saying  that  the  leucocytes 
are  in  excess.  There  is  also  diminution  in  the  number  of  the  red' 
corpuscles,  so  that  in  this  respeet  the  condition  might  be  classed  as 
an  anaemia. 

Causation. — This  is  entirely  obscure.  There  have  been  a  few  cases 
in  which  an  injury  to  the  spleen  is  supposed  to  have  been  the 
starting-point,  while  others  have  been  ascribed  to  syphilis,  rickets, 
malaria.  The  disease  presents  many  features  Avhich  suggest  analogies 
with  infective  diseases  and  with  tumour  formation.  The  analogy  of 
the  tissue  lesions  with  those  in  Hodgkin's  disease,  which  belong  to 
the  former  class,  and  with  sarcomas,  is  consistent  with  this  view. 
Cases  have  been  recorded  in  which  pernicious  anajmia  developed  into 
leuka3mia  (Waldstein).  The  disease  is  twice  as  frequent  in  males  as 
in  females. 

Character  of  the  morbid  changes. — The  normal  proportion  of  white 
corpuscles  to  red  in  the  blood  is  stated,  as  we  have  seen,  as  about 
1  in  300  to  1  in  450,  but  it  varies  within  normal  Umits.  In 
leukajmia,  the  relative  proportion  of  white  to  red  corpuscles  is  greatly 
altered.  A  case  is  not  a  very  severe  one  in  Avhich  the  corpuscles 
are  as  1  to  10,  and  they  may  be  as  1  to  "2,  or  even  equal.  The 
actual  number  of  leucocytes  not  infrequently  reaches  500,000  per 
cubic  millimetre,  or  more  than  50  times  the  highest  normal  average. 

The  blood  presents  considerable  varieties  in  leukaemia  in  respect  to 
the  characters  of  the  leucocytes  present.  Muir  distinguishes  two 
forms,  according  as  large  or  small  uninucleated  cells  predomniate. 

These  may  be  conveniently  treated  under  the  heading  of  Myelogenous 
or  Myelogenic  and  Lymphatic  leukaemia. 

Myelogenous  leukaemia  (Spleno-medullary).— In  a  large  proportion 
of  cases  there  is  a  great  excess  of  large  uninucleated  corpuscles  with 
oval  or  kidney-shaped  nuclei  (Fig.  4,  PI.  I.).  These  cells,  often  called 
myelocytes  or  marrow  cells,  contain  neutrophil  granules  (which  are 
not  normally  present  in  the  uninucleated  leucocytes),  or  even  basophil 
granules.  Eosinophil  cells  of  large  size,  hke  those  just  mentioned 
(Eosinophil  myelocytes),  and  of  the  size  met  vdth  in  normal  blood, 
are  always  found  in  increased  numbers.  The  polymorphonuclear 
leucocytes  are  also  increased.  Along  with  the  large  uninuclear- cells 
they  form  the  bulk  of  the  nucleated  cells  present.  Nucleated  red 
corpuscles,  with  rounded,  fragmented,  or  mitotic  nuclei,  are  always 
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Fig.  5. — Bone  Marrow  in  Myelogenous  Leu- 
kcemia.  x  600. 
Film  fixed  by  corrosive  sublimate  (wet  method). 
Ehrlieh's  triaoid  stain,  a.  Polyraorphonnolea  rlen- 
oooyte.  nl.  Trausition  form.  a2.  Myelocyte.  nS. 
Myelocyte  in  mitosis.  6.  Eosinophil  myelocyte, 
il.  Eosinophil  myelocyte  in  mitosis,  c.  Normal 
erytbroblasc. 
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Fig.  6.— Blood  in   Lymphatic  LeukoBmia. 
X  600. 

Jonner's  stain,  a.  Small  lymphocyte.  a\.  Larger 
forms.  6,  Polymorphonuclear  leuooeyte.  Eosino- 
phil loiioooyte.  A.  Erythroblast.  <Jl.  Erythroblast 
with  fragmentation  of  nuoleiis. 
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Fig.  8.— Bone  Marrow  in  Pernicious  Anmrnia. 
X  600. 

Eilm  fixed  by  corrosive  Bnblimate  (wet  method). 
Eosin  and  methylene  blue  stain,  a.  normoblast, 
rtl.  Mogaloblast.  n3.  Mioroblast.  a'->.  Mitosis,  a*. 
Fragmentation  of  nucleus.  6.  Mogalocyto.  ftl.  Mi- 
crocyto.  c.  Myelocyte,  cl.  Myelocyte  in  mitosis. 
d.  Iwsinophil  iiiyolocyto.  c  Myelocyte  with  baso- 
phil granules. 
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present,  often  in  large  numbei's.  Bloodplates  are  also  increased  in 
number.  The  small  lymphocytes  are  not  increased.  As  large  nni- 
nucleated  cells  and  eosinophil  cells  ai'e  abundant  in  the  bone-marroAV, 
this  form  of  leukajmia  has  been  regarded  as  primarily  due  to  changes 
in  the  bone-marrow. 

Lymphatic  leukasmia. — In   a   smaller    proportion   of    cases  the 
so-called  lymphocytes  preponderate  (Fig.  6,  PI.  II.).    There  is  little 
or  no   increase   in    the    poljmiorphonuclear   form,  and   the  large 
uninucleated  and  eosinophil  corpuscles  are  scai'cely  at  all  present. 
There  are  few  cells  except  the  lymphocytes,  and  hence  the  appear- 
ance is    much   more    uniform  than   in  the    other  variety.  The 
lymphocytes  present  vary  considerably  in  size.     The  larger  forms 
may  contain  basophil  granules.    Nucleated  red  corpuscles  are  usually 
absent   unless    the   antemia   is  extreme.     The    number  of  blood- 
plates  is,   according  to  Muir,   usually  diminished.     It  might  be 
supposed  that  in  this  form  the  lymphatic  glands  would  be  the  chief 
primary  seats  of  the   disease,  l)ut   this   is   by  no  means  ahvays 
the  case.     It  seems  more  probable  that  more  than  one   of  the 
so-called  lymphatic  organs  may  be  the  seat  of  a  special  production 
of  lymphocytes.    This  form  is  usually  more  quickly  fatal  than  the 

other,  the  anajmia  making  more  rapid  advances. 

Cases  described  as  acute  leukajmia  in  young         A  " 

subjects  are  generally  examples  of  lymphatic  V 

leukajmia.    It  is  an  interesting  fact  that  not 

only  does  improvement  in  the  general  health 

lead  to  diminution  in  the  number  of  leucocytes, 

but  that  acute  febrile  diseases,  such  as  typhoid 

fever,  milliaxy  tuberculosis,  influenza,  septic 

fever,  pneumonia,  have  a  similar  effect.  The 

reduction  is  only  temporary,  and  there  is  a 

rapid  increase  at  the  end  of  the  fever.  A 

smiilar  temporary  diminution  in  the  size  of  ^ 

the  spleen  and  lymphatic  glands  occurs.  J'ig.  ^rr.-charcofs  cvstais 

In  leuk^^mic  blood,  after  death,  there  are         ^t^^t'l  "Sf^ 

found  small,  colouriess,  glancing  crystals  of  wteTonSi  ^I^^^k^^^ 

an  octahedral  shape,  which  are  usually  called 

from  their  discoverer  Charcot's  crystals  (Fio-  07 tv, 

found   in   the   fresh    blood   ....1  ^    ^"  ^  ^"    ^^'^''^  '"''^  ""^ 
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corpuscles.  It  may  fall  from  1055  to  1040  or  1035.  The  blood  has 
not  a  watery  appearance  as  a  rule.  It  is  usually  a  thicker  fluid 
than  usual,  and  distinctly  more  opaque,  resembling  a  mixture  of  pus 
and  blood.    It  coagulates  generally  less  rapidly  than  normally. 

Nature  of  the  disease.— Seeing  that  leuktemia  is  characterized  by  a 
great  diminution  in  the  red  corpuscles  and  a  great  increase  in  the 
white,  the  natural  inference  was  that  it  was  due  to  a  delayed  or 
diminished  conversion  of  white  into  red  corpuscles.  This  was 
Virchow's  original  view,  but  is  now  generally  departed  from,  as 
few  hold  that  leucocytes  are  capable  of  giving  rise  to  red  blood- 
corpuscles.  The  disease  evidently  owes  its  origin  to  some  marked 
alteration  in  the  process  of'  blood  formation,  and  this  is  to  be 
associated  mth  changes  in  the  blood-forming  organs,  especially  the 
lymphatic  structures  and  bone-marrow.  The  cause  of  this  increased 
activity  on  the  part  of  these  tissues  is  quite  unknomi. 

Tissue  changes  in  leukaemia.— The  changes  in  the  blood  are 
associated  with  lesions  in  the  tissues,  some  of  which  are  of  primary, 
others  of  secondary  importance.  The  most  important  changes  are 
those  which  aflfect  the  organs  generally  regarded  as  concerned  in  the 
formation  of  the  blood-corpuscles,  namely,  the  bone-marrow  and  the 
lymphatic  organs,  like  the  spleen  and  lymphatic  glands.  Attempts  have 
been  made  to  divide  the  cases,  according  as  the  lesions  have  been 
chiefly  in  one  or  other  of  these  organs,  but  this  classification  cannot  be 
successfully  carried  out.  The  division  here  followed,  and  based  on  the 
characters  of  the  leucocytes  found  in  the  blood,  is  more  satisfactory. 

The  Bone-marrow  undergoes  changes  which  m  some  respects  are 
similar  to  those  in  anemias,  but  in  other  respects  are  different.  The 
more  common  change  is  where  a  firm,  pale,  pinkish  marrow  i 
Tesenf  the  less  common  where  it  is  softer,  yellowish  white,  and 
fke  p-  There  is  also  in  many  cases  an  increase  in  the  marrow 
at  the  expense  of  the  osseous  tissue,  as  in  an.mia.    In  the  myelo- 

7fo^r  there  is  a  hyperplasia  of  the  marrow  mth  increase  m 
genic  form  there  is  a  nyp   p  ^  ^^^^.^^^ 

the  number  of  colourless  elements  (J^ig.  -J,  i^^-  ^^-h  ' 

of  bonTmarrow  we  recognize  the  large  cells  of  the  marrow  c  o  ely 

nlanues  of  the  marrow  cells  oi  lecl  corpusoiu>= 

Ta'  ly^ph  oyt  irmtration.  Hemorrhages  and  infarotrons  hav. 
L„  observed  in  the  altered  bone-marrow  as  ,n  the  spleen. 
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The  Spleen  is  aftected  in  most  cases,  and  when  affected  it  is  in  all 
stages  enlarged.    The  enlargement  is  greatest  and  most  constant  in 
the  myelogenic  form.    In  the  earliest  period  it  appears  to  be  due  to 
an  active  congestion,  and  is  accordingly  of  rapid  development.  Rind- 
fieisch  mentions  a  case  which  he  saw  at  Virchow's  demonstrations  in 
which  the  enlargement  had  been  so  rapid  as  to  cause  a  rupture  of 
the  capsule  of  the  spleen.    This  enlargement  is  merely  from  over- 
filling of  the  vessels,  but  it  is  succeeded  by,  or  develops  into,  a  solid 
enlargement.    The  Malpighian  bodies  of  the  spleen  have  the  structure 
of  lymphatic  follicles,  and  it  is  mainly  by  their  increase  in  size  that 
the  permanent  solid  enlargement  results.     There   is  thus  a  great 
increase  of  lymphoid  tissue.    The  spleen  becomes  converted  into  a 
hard,  dense,  bulky  organ,  sometimes  like  a  piece  of  wood.    It  is  also 
paler  than  normal,  and  v/e  can  often  see  the  enlarged  Malpighian 
bodies  as  whiter  areas  on  the  cut  surface.    In  addition,  there  are 
frequently  hasmorrhages  in  the  spleen,  and  these  may  take  the  form 
of  the  regular  wedge-shaped  infarctions.    The  capsule  of  the  spleen 
is  thickened,  and  it  presents  not  infrequently  dense  localized  thick- 
enings of  a  cartilaginous  consistence.    The  capsule  is  often  firmly 
adherent  to  the  diaphragm  and  other  neighbouring  structures.  The 
greatly  enlarged,  dense,  and  heavy  organ  is  frequently  dislocated 
downwards  by  its  own  weight. 

The  lesion  in  the  Lymphatic  glands  consists  in  an  enlargement 
of  them.  In  the  lymphatic  form  enlargement  is  the  rule;  in  the 
myelogenic  form  it  is  usually  more  marked  at  the  termination  of 
the  disease.  This  begins  mostly  in  a  particular  set  of  glands  usually 
situated  externally,  as  in  the  axilla,  groin,  neck,  etc.,  and  spreads 
to  other  sets,  generally  first  to  those  nearest.  The  enlarged  glands 
may  be  three,  five,  or  even  ten  times  their  normal  size,  but  there 
IS  no  tendency  to  any  degeneration  of  their  tissue. 

A  new-formation  of  lymphatic  tissue,  partaking  more  of  the 
characters  of  tumour-formation,  may  occur  in  places  where  there  is 
normally  no  such  tissue  present.  In  this  case  the  term  lymphoma 
IS  sometimes  applied  to  the  new-formation.  More  frequently,  hoM^- 
ever,  there  is  merely  an  infiltration  of  the  connective  tissue  of  organs 
with  leucocytes. 

show!  ^'^''i"  ^^early  always  enlarged,  and  microscopic  examination 

lie  of  rii/'  '''''      ^""^^^  "^fi^^-tion  of  the 

.-ter  intensity  at  certain  points, 
tumours.  definitely  localized  areas  as  to  suggest  minute 
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The  Kidneys  are  not  infrequently  aflected,  more  especially  in  the 
lymphatic  form.  Here  the  appearance  to  the  naked  eye  is  often  as 
if  the  organs  were  greatly  enlarged  by  the  presence  of  large  pale 
tumours  in  the  cortical  substance.  On  microscopic  examination  (see 
Fig.  278)  the  lesion  is  seen  to  consist  in  an  enormous  infiltration  of 
the  stroma  of  the  kidney  with  round  cells,  the  proper  secreting 
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Fig.  2rs.— Kidney  iu  leukaimia.    A  cellular  infiltration  is  seen  separating  and 
partly  obscuring  the  uriniferous  tubules. 

tissue  remaining,  but,  of  course,  greatly  pressed  on.  This  infiltra- 
tion occurs  in  definite  areas,  as  if  some  agent  had  addressed  itself  to 
certain  defined  portions  of  the  organ.  The  suprarenal  bodies,  thyroid 
aland  and  ovaries  may  show  in  rare  cases  similar  lesions. 
"  The  Closed  follicles  of  the  intestines,  both  the  solitary  ones  and 
those  aggregated  in  Peyer's  patches,  may  be  enlarged,  and  as  they  are  of 
lymphatic  structure,  their  enlargement  is  a  simple  hyperplasia.  Allied 
changes  may  be  found  in  the  thymus  gland.  These  are  not  of 
frequent  occurrence,  and  still  less  frequent  is  the  formation  of  leuka3^ 
tumours  in  the  skin,  these  tumours  consisting  of  infiltrations  ot 


mic 


The  connective  tissue  in  other  regions  may  also  be  infiltrated.  The 
author  met  with  a  case  in  which  the  connective  tissue  of  the  media- 
stinum was  enormously  infiltrated,  so  that  the  tissue  formed  a  bulkj 
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tumour.  The  infiltration  extended  to  the  pericardium  much  in  the 
fashion  of  Hodgkin's  disease. 

It  is  proper  here  to  mention  that  in  Hodgkin's  disease,  which  is 
sometimes  called  Pseudo-leukaemia,  the  organic  lesions  somewhat 
i-esemble  those  of  leuktemia,  but  without  the  increase  of  white  blood- 
corpuseles,  the  blood  being  simply  anaemic.  There  is  here  also  great 
enlargement  of  the  spleen  and  of  the  lymphatic  glands. 

Literature.— Ehrlich,  Arch.  f.  Anat.  u.  Phys.,  1897  ;  Zeitschr.  f.  Idin.  Med., 
1880,  Charit6-Annal.,  1884,  and  various  other  papers  ;  VincHow,  Froriep's  Notizen, 
1846,  Gesam.  Abhandl,  p.  190;  Bennett,  Ed.  Monthly  Journal,  1850-51,  and 
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DISEASES  OF  THE  ORGANS  OF  CIRCULATION. 
A.— THE  HEART  AND  PERICARDIUM. 

I.  Congenital  malformations,  chiefly  of  the  heart  and  great  vessels.  Causation. 
Forms.  Cyanosis  a  common  result.  11.  Coagula  in  the  heart ;  the  various- 
forms  of  thrombi.  III.  Occlusion  and  stenosis  of  the  coronary  arteries. 
Causes.  Phenomena  in  acute  and  chronic  obstruction.  IV.  Ketrograde 
changes.  (1)  Atrophy,  including  brown  atrophy,  (2)  Fatty  infiltration,  (3) 
Fatty  degeneration,  (4)  Calcareous  infiltration,  (5)  Other  forms,  (6)  Injuries 
and  rupture.  V.  Hypertrophy  and  Dilatation.  Causes,  including  overstrain. 
Forms  of  hypertrophy.  VI.  Inflammation.  (1)  Myocarditis,  parenchymatous, 
purulent,  and  interstitial,  (2)  Endocarditis,  acute,  chronic,  and  ulcerative, 
(3)  Pericarditis,  acute,  chronic,  and  tubercular.  VII.  Valvular  disease.  (1) 
Insufficiency  and  (2)  Stenosis  of  mitral,  (3)  Insufiiciency  and  (4)  Stenosis  of 
aoTtic  valves,  (5)  Valvular  disease  of  right  heart. 

I.-CONGENITAL  MALFORMATIONS  OF  THE  HEART. 

]V/riSPLACEMENTS  of  the  heart  are  of  rare  occurrence,  and  the 
more  important  of  them  are  merely  part  of  the  general  malfor- 
mation of  the  body.  The  heart  may  be  transposed,  that  is  to  say 
placed  in  a  position  on  the  right  side  of  the  chest  correspondmg  ^vlth 
that  which  it  normally  occupies  on  the  left.  With  this  there  is  usually 
transposition  of  the  viscera,  but  it  sometimes  occurs  alone  Again, 
the  heart  may  occupy  the  middle  line,  as  it  does  m  early  foetal  life 
It  may  be  placed  outside  the  thorax  altogether  {Ectopia  cordts)  but  n. 
this  case  there  are  other  congenital  malformations,  and  that  of  tht 
heart  only  forms  a  part  (see  Fig.  4,  page  45).  _ 

Malformations  of  the  pericardiuni.-Ahsence  of  .the  pencar  mm 
is  a  rare  congenital  malformation,  and  is  mostly  associated  mth  ectopia 
ord  s     Th 'e  are,  however,  cases  of  absence  of  the  pericardmm  n. 
persons  otherwise  well  formed.    The  sac  may  be  entirely  absent  oi 
there  may  be  traces  of  it  at  the  base. 
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Diverticulum  of  the  pericardium  is  an  unusual  malformation.  It 
occurs  in  the  form  of  a  sac  with  a  narrow  neck,  which  communicates 
with  the  pericardium.  When  distended  the  sac  is  about  the  size  of 
a  pigeon's  egg. 

Malformations  of  the  heart  and  great  vessels. — These  for  the  most 
part  repi'esent  survivals  of  foetal  conditions.    The  heart  at  an  early 
period  consists  of  two  cavities,  an  auricle  and  a  ventricle.    The  simple 
auricle  receives  the  two  venas  cavse,  and  the  ventricle  gives  origin  to 
the  common  arterial  trimk.   The  ventricle,  the  auricle,  and  the  common 
arterial  trunk  subsequently  undergo  subdivision  each  into  two.  This 
separation  in  the  ventricle  begins  near  the  apex ;  the  septum  gradually 
rises  towards  the  base,  its  completion  at  the  base  being  delayed  after 
the  rest  of  the  septum  has  been  formed.   Eokitansky  distinguishes  two 
parts  in  the  ventricular  septum,  namely,  an  anterior  {septum  anterius) 
which  divides  the  orifices  of  the  aorta  and  pulmonary  artery,  and  a 
posterior  {aeptum  posterms)  which  comes  between  the  two  auriculo- 
ventricular  openings.    The  undefended  space  {pars  merabranacea)  is  at 
the  union  of  the  anterior  and  posterior  septa,  and  will  be  the  last  part 
to  close.   This  portion  of  the  septum  remains  throughout  life  devoid  of 
muscular  tissue,  being  composed  of  the  two  layers  of  endocardium  from 
the  two  ventricles.    It  is  situated  at  the  base  of  the  septum,  just 
beneath  the  aortic  valve.    There  is  sometimes  a  minute  aperture 
persisting  in  adult  life.    The  common  arterial  trunk  begins  to  show 
signs  of  division  by  a  septum  about  the  time  that  the  interventricular 
septum  is  approaching  the  base.    A  septum  passing  from  both  sides  of 
the  artery  meets  and  divides  the  vessel  into  what  are  subsequently  the 
pulmonary  artery  and  the  aorta.    These  are  so  adjusted  as  to  connect 
with  the  right  and  left  ventricles  respectively.    The  division  of  the 
auricles  does  not  begin  till  the  ventricular  septum  is  nearly  completed, 
namely,  about  the  ninth  week,  and  after  being  fully  formed  the  septum 
remams  partially  open  during  the  whole  of  intra-uterine  life. 

The  foBtal  circulation,  so  far  as  the  heart  and  great  vessels  are 
concerned,  differs  from  that  of  the  adult  chiefly  in  two  respects,  namely 
m  the  existence  of  the  foramen  ovale  and  in  the  patency  of  the  ductus 
arteriosus  The  Foramen  ovale  forming  a  communication  between  the 
two  auricles  closes  more  or  less  completely  at  birth.  The  Ductus 
arteriosus  connects  the  pulmonary  artery  with  the  descending  aorta, 

and  lower  u  ^'"^^  ^^domen 

and  lower  hmbs,  as  well  as  that  to  the  umbilical  arteries.    The  left 

rotandTb  T\'^"'  '^^PP^^  ^Wer  part  of  the 

aiSvThrnt  W?'";  pulmonary 
aiteiy  through  the  ductus  arteriosus  supply  the  lower  parts  Then 
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ii  small  part  of  the  aorta  between  the  oi-igin  of  the  subclavian  artei-y 
and  the  opening  of  the  ductus  arteriosus,  which  is  thus  almost  out  of 
use  in  the  foetus.  It  is  called  the  Isthmus  aortae,  and  is  important  in 
•connection  with  subsequent  lesions. 

Consistently  with  the  larger  amount  of  work  thrown  on- the  right 
\entricle  in  the  foetus  as  compared  with  the  adult,  the  wall  of  this 
ventricle  is  similar  in  thickness  to  that  of  the  left  ventricle 

Causation  of  malformations  of  the  heart.— A  large  proportion  of 
cases  of  malformation  are  related  to  narrowness  or  Stenosis  of  the 
pulmonary  artery.  This  has  been  variously  ascribed  to  inflammation 
during  foetal  life,  and  defective  formation  of  the  parts  in  the  foetus. 

By  some  (Peacock,  Meyer)  inflammation  occurring  in  early  foetal  life  has  been 
assigned  as  the  cause  of  the  stenosis;    We  shall  see  afterwards  that  inflammation 

of  the  endocardium  frequently  leads  to 
valvular  lesions,  which  result  in  obstruc- 
tion of  the  orifices.  Occasionally  at  birth 
small  nodular  thickenings  are  met  with 
in  the  valves.  These  are  not  evidently 
the  result  of  foetal  endocarditis  (see  Pig. 
279).  In  the  adult,  inflammation  mostly 
occurs  in  the  valves  of  the  left  side  of  the 
heart,  and  this  is  usually  ascribed  to  the 
fact  that  the  systemic  arteries  are  liable 
to  greater  variations  in  blood-pressure 
and  greater  strain  than  the  pulmonary 
vessels.  In  the  foetus  it  is  otherwise ;  a 
much  larger  proportion  of  the  circulation 
is  dependent  on  the  right  ventricle,  the 
abdominal  aorta  and  umbilical  arteries 
being  fed  by  this  ventricle.  The  umbilical 
arteries,  again,  are  from  their  position, 
exposed  to  variations  in  pressure,  and 
this  may  tell  on  the  pulmonary  artery  at 
its  origin. 

On  the  other  hand,  Eokitansky  seeks 
to  ascribe  the  frequency  of  defect  of  the 
pulmonary  artery  to  deficiency  in  the  original  formation  of  the  septum  dividing  the 
primary  common  arterial  trunk.  This  is  probably  the  more  correct  explanation, 
as  there  are  seldom  traces  of  inflammation  visible  in  the  endocardium  at  birth, 
and,  besides,  the  lesion  is  not  simply  one  of  the  valves,  which  inflammation  pro- 
duces, but  frequently  a  real  narrowing  or  defect  in  the  artery,  as  if  in  the  division 
of  the  primary  arterial  stem  the  greater  part  had  been  monopolized  by  the  aorta. 

The  stenosis  of  the  pulmonary  artery  is  commonly  associated  with 
defects  in  the  septa,  and  these  may  be  ascribed  to  a  mechanical  inter- 
ference with  the  complete  closure  of  the  septa.  Let  us  suppose  that 
the  common  arterial  trunk,  instead  of  dividing  in  a  normal  way  into 


Fig.  2TS1. — Nodular  tliickeuings  of  the  free 
edges  of  the  cusps  of  the  aortic  and  mitral 
valves.  From  a  child  4  years  of  age. 
.Slightly  enlarged. 
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pulmonary  artery  and  aorta,  does  so  imperfectly,  and  so  there  is  a 
large  aorta  and  a  small  pulmonary  artery,  or  even  an  entire  absence  of 
the  latter.  In  the  case  last  mentioned  the  blood  from  the  right  ven- 
tricle, as  well  as  that  from  the  left,  would  pass  into  the  aorta,  and  the 
constant  recurrence  of  this  passage  of  blood  at  each  systole  of  the 
ventricle  would  prevent  the  closure  of  the  septum  at  the  base,  and 
cause  the  aorta  to  take  permanent  origin  from  the  right  ventricle  as 
well  as  from  the  left.  On  a  similar  principle  the  obstruction  of  the 
pulmonary  artery  will,  by  raising  the  pressure  of  the  blood  in  the  right 
auricle,  interfere  with  the  closure  of  the  foramen  ovale. 

Instead  of  stenosis  of  the  pulmonary  artery,  we  may  have  a  similar 
condition  of  the  aorta.  The  consequence  of  this  will  be  defect  of  the 
septa  and  alterations  in  the  circulation,  the  latter  differently  located  to 
those  already  mentioned. 

Forms  of  malformation. — 1.  Defects  of  the  septum  ventriculorum. — 
As  already  indicated,  this  usually  goes  along  with  defect  of  the  great 


vessels.  When  the  stenosis  is  in  the  pulmonary  artery,  as  is  mostlr 
the  case,  it  is  chiefly  the  anterior  part  of  the  septum  which  is  defective  ; 
while  in  the  case  of  aortic  stenosis  it  is  the  posterior  (Rokitansky); 
ihe  detect,  if  limited  in  extent,  is  usually  in  or  near  the  undefended 
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space  (see  Fig.  280).  In  some  cases  the  defect  may  be  in  the  niuncle 
of  the  posterior  part  of  the  septum  (see  Fig.  281).    The  defect  may  l)e 


Fig.  2S1.— Defect  of  the  interventricular  septum.    The  gap  is  situated  in  the 
muscle  of  the  posterior  part  of  the  aeptum. 

SO  great  as  that  there  is  virtually  no  septum,  the  ventricle  being 
composed  of  a  single  cavity,  or  it  may  present  various  degrees  of 
divergence  from  this  extreme. 

2.  Defects  of  the  septum  auriculorum.— The  least  degree  of  defect 
of  this  septum  is  the  persistence  of  the  foramen  ovale.  A  certain 
degree  of  this  is  very  frequently  present  in  adult  hearts,  but  the 
aperture  is  usually  so  small  or  so  valved  that  there  is  virtually  no 
communication  between  the  contents  of  the  two  auricles.  The 
fenestra  ovalis    is  sometimes    seen    to   bulge  into   the  auricular 
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cavity  (see  Fig.  282).  On  the  other  hand,  the  lesion  may  be  con- 
nected with  stenosis  of  the  pulmonary  artery  or  aorta,  and  in  that 
case  there  is  an  actual  and  persistent  communication  between  the 
two  cavities. 

In  more  extreme  cases  the  septum 
itself  is  defective.  It  may  be  entirely 
wanting,  or  defective  at  its  lowei'  part. 
This  lesion  frequently  coincides  with 
a  defect  of  the  posterior  ventricular 
septum. 

3.  Congenital  stenosis  of  the  pul- 
monary artery. — This  may  be  to  a  slight 
or  to  an  extreme  degree.  (See  Fig.  28-3.) 
In  most  cases  the  ventricular  and  auri- 
cular septa  are  also  defective.  (Kussmaul 
in  192  cases  found  the  ventricular  septum      Fig.  282.— a  bulging  Fenestra  ovaiis 

1  ,     .         1  \     m-i  is  seen -with  several  foramina. 

complete  in  only  21.)    The  most  extreme 

case  is  that  in  which  the  pulmonary  artery  is  entirely  wanting,  and 
the  aorta  receives  the  blood  from  both  ventricles.  In  this  case  the 
lungs  are  supplied  from  the  aorta  by  means  of  the  Ductus  arteriosus 
Botalli,  which  remains  patent,  the  blood  passing,  however,  in  the 
reverse  direction  to  that  which  obtains  in  the  fojtus.  In  its  minor 
degrees  stenosis  of  the  pulmonary  artery  may  be  associated  with  a 
complete  ventricular  septum,  but  the  foramen  ovale  is  likely  to  remain 
open.  Stenosis  of  the  pulmonary  artery  leads  to  hypertrophy  of  the 
right  ventricle  just  as  a  similar  obstruction  does  in  the  adult. 

4.  Congenital  stenosis  of  the  aorta.— The  narrowness  may  be  at  its 
origin  or  at  the  isthmus  aortaj.  In  the  former  case  there  is  usually 
defect  of  th'e  septa  as  already  explained.  Stenosis  of  the  aorta,  even 
amounting  to  obliteration  (atresia)  may  have  little  effect  on  the 
circulation  during  foetal  life,  the  systemic  circulation  being  carried  on 
by  the  pulmonary  artery  through  the  ductus  arteriosus.  But  at  birth, 
as  there  is  a  gi-eat  increase  in  the  amount  of  blood  coming  to  the 
left  auricle  by  the  opening  up  of  the  pulmonary  circulation,  the  left 
ventricle  may  have  great  difficulty  in  dealing  with  it.  In  cases  of 
stenosis  of  the  isthmus  aortae  the  circulation  is  assisted  by  anas- 
tomosis between  the  subclavian  artery  and  the  thoracic  and  abdominal 
aorta  The  narrowness  of  the  aorta  at  the  isthmus  may  give  rise  in 
later  hfe  to  aneurysm  above  the  seat  of  narrowing 

5.  Persistence  of  the  ductus  arteriosus  Botalli.-This  communica- 
tion between  the  pulmonary  artery  and  thoracic  aorta  is  normally 
completely  closed  within  two,  or  at  most  three,  weeks  after  birth.  It 
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may,  however,  remain  patent  when  from  any  cause  the  circulation  is 
abnormally  directed  through  it.  This  may  occur  by  reason  of  ol)struction 
of  the  pulmonary  artery  (see  Fig.  283)  or  aorta,  or  from  stenosis  of  the 
mitral  orifice.    It  has  also  been  observed  without  any  other  malfoi*ma- 


FiE  283  —Congenital  stenosis  of  the  pulmonary  artery,  with  hypertrophy  of  the 
right  ventricle.  There  is  a  large  aperture  in  the  interventricular  septum.  A  weU- 
marked  ductus  arteriosus  is  present. 

tion  in  cases  of  obstruction  to  the  pulmonary  circulation  from  insufficient 
inflation  of  the  lungs  (atelectasis).   Aneurysmal  dilatation  of  the  vessel 

has  been  observed. 

6.  Transposition  of  the  great  vessels.— This  consists  in  a  reversal 
of  the  relative  positions  of  pulmonary  artery  and  aorta,  so  that  the 
former  takes  origin  from  the  left  ventricle  and  the  latter  from  the 
right  The  blood  from  the  systemic  veins  is  sent  directly  into  the 
aorta  without  first  passing  through  the  lungs,  and  the  right  ventricle 
undergoes  hypertrophy,  and  becomes  like  the  left.  In  such  cases  the 
conditions  of  life  are  very  unfavourable,  and  yet  in  one  case  life  was 
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prolonged  for  three  years.  Rokitansky  has  pointed  out  that  even 
though  the  great  vessels  may  be  transposed,  the  position  of  the  ventri- 
cular septum  may  be  so  altered  as  to  restore  the  normal  connections 
with  right  and  left  ventricles  respectively. 

7.  Malformations  of  the  semilunar  valves. — Malformations  of  the 
aortic  or  pulmonic  valves  may  be  part  of  congenital  lesions  of  the 
main  vessels  themselves,  but  are  frequently  of  independent  origin. 
The  valve  may  be  in  the  form  of  a  diaphragm  in  which  there  are 
merely  indications  of  a  tripartite  formation  (see  Fig.  284).    In  this 


valve.      The   valve  is  Fig.  285.— Congenital  malformation  of  aortic  valve, 

viewed    from    above.  There  are  two  curtains,  but  the  larger  one  shows  a 

(Peacock.)  partial  division.  (Pkacock.) 


case  the  diaphragm  is  often  protruded  into  the  vessel  in  the  form  of  a 
funnel.  Again,  we  not  infrequently  meet  with  some  variety  in  the 
size  or  number  of  the  semilunar  folds.  There  may  be  only  two 
curtains,  usually  a  large  and  a  normal  one,  the  larger  one  commonly 
showing  indications  of  a  partial  division  (see  Fig.  285).  .Then  with 
three  curtains  there  may  be  two  large  segments  and  a  small  rudi- 
mentary one  between  them. 

Many  of  these  malformations  are  probably  to  be  referred  to  endocarditis  occurring 
in  the  fcEtus.  In  adult  life  endocarditis  often  produces  adhesion  of  the  curtains, 
but  there  is  also  very  great  contortion  of  the  valves.  But,  in  the  fcetus,  the  plastic 
power  and  adaptability  of  the  structures  is  much  greater,  and  the  three  coalesced 
valves  may  form  a  well-shaped  diaphragm,  or  the  two  a  single  larger  semilunar 
fold.  In  either  case  there  are  still  indications  of  the  coalescence  in  the  form  of 
thiokenmga  along  the  line  of  union. 

It  IS  obvious  that  these  malformations  will  frequently  interfere  with 
the  functions  of  the  valves.  In  the  extreme  cases  of  complete  union  of 
the  three  curtains  (as  in  Fig.  284)  there  will  be  great  obstruction  as 
well  as  unperfect  closure.  When  there  are  only  two  curtains,  the 
middle  part,  where  coalescence  has  occurred,  is  thicker,  and  the  curtain 
may  be  more  rigid  at  this  point,  and  so  its  function  will  be  interfered 
^v^th. 
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According  to  Peacock,  congenital  malformations  of  the  valves  are  apt  to  lead 
to  more  definite  disease  from  endocarditis  in  after-life.  This  may  be  a  recurrence 
of  a  foetal  endocarditis,  but,  in  addition,  the  imperfect  adaptation  of  the  valves  may 
itself  give  rise  to  a  certain  irritation  and  predispose  the  structures  to  inflammation. 
So  it  happens  that  valves  malformed  in  this  way  are  peculiarly  prone  to  disease  in 
after-life,  even  although  their  function  is  not  at  first  imperfect. 

Besides  the  variations  already  noted  the  curtains  of  the  aortic  and 
pulmonic  valves  are  sometimes  abnormally  numerous,  especially  those 
of  the  latter.  There  may  be  four  curtains  instead  of  three,  and 
they  may  present  all  varieties  of  size  relative  to  one  another.  (See 
Fig.  286.) 

The  semilunar  valves  sometimes  present  a  condition  somewhat 
approaching  that  of  the  cuspid  form.    It  is  to  be  noted  that  during 


Fig.  286. — Pulmonic  valve  with  four  cusps. 

the  closure  of  a  semilunar  valve  the  curtains  do  not  come  in  contact  by 
their  free  margins,  but  that  the  line  of  contact  is  somewhat  removed 
from  the  margin.  During  closure,  therefore,  when  the  artery  is  full, 
a  certain  portion  of  the  curtain  floats  free  in  the  blood.  This  portion 
between  the  line  of  contact  and  the  free  margin  is  frequently  the  seat 
of  apertures  or  fenestrations,  and  that  without  affecting  the  function 
of  the  valve.  This  fenestration  may  be  very  extreme  and  may 
graduate  towards  a  condition  in  which  (see  Fig.  287),  instead  of  a 
piece  of  tissue,  there  is  merely  a  series  of  tendinous  bands  passing 
from  the  curtain,  near  the  line  of  contact,  to  the  wall  of  the 
vessel  at  the  point  of  insertion  of  the  curtain.  These  tendinous 
bands  resemble  the  chordae  tendineae  of  the  cuspid  valves,  and  the 
resemblance  may  be  increased  by  the  neighbouring  edges  of  the 
curtains  being  joined,  and  the  tendinous  bands  from  the  adjacent 
borders  of  two  curtains  passing  together  to  the  wall  of  the  vessel. 
There  may  even  be  on  the  wall  of  the  vessel  an  elongated  prominence 
into   which  the  bands  are  inserted,   and  resembling  a  musculus 
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papillaris  (see  figure).  These  bands  may  have  a  considerably  free 
course  fi-om  the  middle  of  the  curtain  to  the  wall  of  the  vessel. 
A  cei'tain  amount  of  this  condition  is  very  frequent  in  both  the 
aortic  and  pulmonic  valves. 


Fig.  287.— Fenestration  of  the  marginal  parts  of  the  aortic  valve.  There  is  an 
appearance  of  chordai  tendineai,  and  the  bands  from  two  proximal  curtains  are 
inserted  mto  a  projection  from  the  aorta. 

It  may  be  asked,  Does  such  a  malformation  interfere  with  the  function  of  the 
valve?  Probably  not  much,  but  still  to  a  certain  extent.  Each  form  of  valve  is 
appropriate  to  its  own  place.  The  cuspid  form  is  adapted  to  an  aperture  between 
two  cavities,  the  semilunar  to  the  orifice  or  course  of  a  vessel.  The  latter  takes  up 
less  room,  as  in  it,  by  reason  of  their  complete  separation,  the  curtains  fall  back 
completely  when  the  blood  rushes  past.  But  if  the  valve  approaches  to  the  cuspid 
form,  especially  if  the  margins  of  the  curtains  are  united,  and  the  tendinous  bands 
from  two  have  a  common  insertion,  then  there  can  hardly  be  that  complete  falling 
back  which  occurs  when  the  structure  is  perfect.  This  will  probably  cause  a  trivial 
obstruction,  but  the  curtains  being  unduly  exposed  to  the  force  of  the  wave  of  blood 
may  be  specially  liable  to  inflammation. 

8.  Congenital  malformation  of  the  auriculo-ventricular  valves  — 

These  valves  are,  like  the  semilunar  valves,  occasionally  the  seat  of 
malformations  which  usually  cause  narrowing  of  the  orifice.  This  may 
be  m  the  form  of  coalescence  of  the  curtains,  produced,  in  some  cases, 
probably  by  a  fojtal  endocarditis,  so  that  in  place  of  the  valve  there 
may  be  a  more  or  less  immobile  diaphragm.  The  affection  is  observed 
chiefly  in  the  right  auriculo-ventricular  valve.  It  will  produce  somewhat 
^milar  effects  to  those  induced  by  stenosis  of  the  pulmonary  artery 
venrdvl    -ir'""^  blood  from  the 

lefraurLle  2  '  ^"^^  '^^^^^        ^^^'^-^^  ^be 

he  Ztum      T     "  a  defect  in 

tnZ  lZr  i  ?  "S^^  ^^"^^^^1^'  -  -  ^0  -Wly  the  pul- 
monary artery.    Abnormalities  in  the  number  of  cusps  arl  sometimes 
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met  with.  G-reenfield  has  recorded  a  case  in  which  two  mitral  valves 
were  present.  The  writer  has  a  specimen  of  a  mitral  valve  with 
three  cusps  found  in  the  heart  of  a  horse. 

Cyanosis.— Morbus  cseruleus.— Children  born  with  malformations  of 
the  heart  are  usually  liable  to  symptoms  connected  with  the  respiration 
and  circulation,  which  are  in  many  respects  comparable  with  those 
from  valvular  disease  acquired  in  after-life,  and  consist  chiefly  in 
attacks  of  dyspnoea  and  lividity.  These  symptoms  may  occur  at  birth 
or  soon  after  it,  but  they  may  be  postponed  for  years,  and  develop 
apparently  by  some  extra  stress  laid  on  the  circulation,  or  they  may 
not  develop  at  all.  Occurring  at  first  intermittently  the  dyspnosa  and 
lividity  very  often,  to  some  extent,  become  permanent.  This  is  par- 
ticularly true  of  the  lividity,  which  frequently  forms  such  a  marked 
characteristic  of  such  persons  that  they  are  visiblj^  the  subjects  of 
Cyanosis  or  Morbus  cseruleus.  The  lips  and  finger-nails  appear  blue, 
and  there  is,  perhaps,  a  deep  lividity  of  hands,  feet,  and  cheeks  as  well. 

Two  explanations  of  this  symptom  have  been  offered.    The  first  is 
that,  as  in  these  cases  the  septa  of  the  heart  are  mostly  imperfect,  the 
lividity  results  from  the  mixing  of  the  currents,  venous  blood  being 
mixed  with  the  arterial  in  the  systemic  vessels.    This  looks  a  very 
likely  explanation,  but  there  are  two  serious  objections  to  it.  Cyanosis 
has  been  found  in  cases  where  the  currents  did  not  mix,  and  it  has 
been  absent  where  they  undoubtedly  did.    Besides  this,  it  is  found  that 
the-  degree  of  cyanosis  is  not  at  all  proportionate  to  the  mixing  of  the 
currents.    The  other  explanation  is  that  the  cyanosis  is  due  to  venous 
engorgement,  just  as  lividity  occurring  in  valvular  disease  in  the  adult. 
In  nearly  all  the  cases  there  is  obstruction  of  the  pulmonary  artery, 
which  we  have  seen  to  be  at  the  basis  of  most  malformations,  and  this 
has  the  effect  of  bringing  about  a  general  venous  engorgement.  During 
the  early  periods  of  life  the  blood-vessels  are  yielding  and  plastic,  and 
so  the  permanent  congestion  tells  much  more  on  them  than  it  does  ni 
adult  life.    Cyanosis  developed  in  after-life  sometimes  approaches  in 
intensity  to  that  from  malformation,  but  it  rarely  reaches  it. 

Duration  of  life  in  malformations  of  the  heart.— If  there  is  merely  slight  imper- 
fection of  the  septa,  the  defect  is  of  little  importance,  and  we  have  already  seen  that 
there  is  imperfect  closm-e  of  the  foramen  ovale  in  a  very  considerable  proportion  of 
the  cases  met  with  in  the  ordinary  course  of  post-mortem  examination.  If  there  is 
moderate  contraction  of  the  pulmonary  artery  while  the  heart  is  otherwise  well 
formed,  the  right  ventricle  will  probably  hypertrophy,  and  this  may  almost  com- 
pletely compensate,  so  that  life  is  scarcely  shortened.  If  the  foramen  ovale  is 
distinctly  patent,  this  generally  implies  a  greater  degree  of  obstruction  of  the 
pulmonary  artery,  and  life  is  usually  abbreviated.  Peacock  has  collected  twenty 
cases  of  this  kind,  and  only  eleven  of  these  lived  to  the  age  of  15  and  upwards,  but 
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some  lived  as  long  as  34,  40,  and  57.  In  three  cases  the  ductus  arteriosus  was  also 
open,  and  these  died  at  the  ages  of  10  months,  15  months,  and  29  years.  If  the 
interventricular  septum  is  imperfect,  this  implies  an  obstruction  at  an  earlier  period 
of  fcBtal  life,  and  the  duration  of  life  is  shorter.  Of  sixty-four  cases,  only  fourteen 
survived  the  age  of  15,  but  still  three  lived  as  long  as  25,  and  one  39  years.  Where 
the  pulmonary  artery  is  entirely  impervious  the  duration  of  life  is  still  shorter ;  of 
twenty-eight  such  cases  only  seven  lived  over  a  year,  and  the  longest  duration  was 
12  years.  Where  there  is  still  greater  arrest  of  development,  and  the  heart  consists 
of  but  one  ventricle,  with  one  or  two  auricles,  the  period  of  survival  is  usually  very 
limited,  but  it  is  interesting  to  find  that  four  persons  thus  affected  have  lived  to  the 
ages  of  11,  16,  23,  and  24  years.  Transposition  of  the  pulmonary  artery  and  aorta 
might  appear  to  be  a  malformation  almost  incompatible  with  life,  and  yet  of 
twenty-one  such  eases  four  lived  between  2  and  3  years.  When  the  aorta  is  ob- 
structed at  its  isthmus,  and  the  descending  aorta  is  supplied,  wholly  or  partially,  by 
the  pulmonary  artery,  the  duration  of  life  is  usually  very  limited.  The  lungs  are 
deprived  of  blood,  because  it  passes  to  the  abdominal  aorta,  and  the  children  die 
with  symptoms  of  dyspnoea  and  syncope.  If  the  obstruction,  however,  be  only 
slight,  the  person  may  survive  to  adult  or  middle  life,  even  though  the  ductus 
arteriosus  remains  pervious  ;  thus  there  are  cases  of  survival  to  24,  32,  and  43  years 
of  age.  If  the  constriction  be  so  slight  that  the  ductus  arteriosus  closes,  it  may  yet 
become  much  more  considerable  afterwards,  or  the  aorta  may  even  be  obliterated  at 
the  point  indicated.  Yet  such  patients  may  survive  long,  as  even  with  obliteration 
the  ages  of  45,  50,  and  57  have  been  attained. 

Literature. — Peacock,  Malformations  of  the  heart,  2nd  ed.,  1861;  Eokitansky, 
Defecte  der  Scheidewiinde  des  Herzens,  1875 ;  Forstee,  Missbild.  des  Menschen, 
1861;  Eauchfuss,  in  Gerhardt's  Handb.  d.  Kinderkrankh.,  Band  iv.,  1878;  Cab- 
PENTER,  Congenital  Malformations  of  heart,  1894;  Humphry,  in  Allbutt's  System  of 
Medicine,  vol.  v.,  1898;  Many  cases  in  Trans,  of  Path.  Soc,  London,  by  Peacock, 
Greenfield,  Finlay,  Coupland,  etc.  Defict  of  pericardium — Baly,  Path.  Trans., 
iii.,  60;  Bristowe,  ibid.,  vi.,  109,  xx.,  101 ;  Coats,  Catal.  of  Mus.  of  Western  Inf. ; 
Faber  (literature),  Virch.  Arch.,  vol.  Ixxiv.,  1878;  Weisbaoh,  Wien.  med.  Wochen- 
schr.,  1868;  Hektoen  (literature),  Amer.  Journ.  Med.  Sciences,  cxxi.,  1901. 


II.— COAGULA  IN  THE  HEART. 

Thrombi  in  the  heart  are  of  frequent  occurrence ;  they  vary  in  kind 
and  in  significance.  Most  of  the  forms  of  thrombi  have  been  already 
referred  to  (see  p.  78).  Thrombi  are  frequently  designated  vegeta- 
tions, but  it  is  not  advisable  to  use  this  word  in  the  place  of  the  more 
accurate  gne  thrombi.  We  may  distingmsh  three  forms  of  thrombi  :— 
warty,  globular,  and  polypoid. 

Warty  thrombi  occur  in  acute  endocarditis,  owing  to  the  coagulation 
of  the  fibrine  on  the  inflamed  and  roughened  surfaces.  (See  fin-ther 
on.) 

Globular  thrombi  are  of  common  occurrence  in  dilated  and  hyper- 
tr.ophied  hearts,  originating  in  the  retired  parts  of  the  cavities,  such  as 
the  auricular  appendages  (see  Fig.  288),  the  apices  of  the  ventricles, 
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Fig-.  28S.— Thrombus  in  the  auricle  of  the  heart.  The  muscular  tissue  is  shown  iu 
longitudinal  and  transverse  section  and  lining  it  the  endocardium.  The  thrombus 
bulges  out  from  a  recess,    x  42. 


Fiu  28!l.-Globular  thrombi  from  near  the  aiiox  of  the  loft  ventricle.  Several 
thesearc  seen  to  project  from  between  the  musculi  impillaros. 
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and  behind  the  cohimnse  carnea}.  (See  Figs.  289  and  290.)  They  are 
usually  multiple,  and  the  smaller  of  them  may  appear  as  pearly  white 
bodies  presenting  a  rounded  projection  between  the  trabecule.  They 
may,  however,  grow  out  from  these  positions,  and  assume  considerable 
dimensions.    It  is  not  uncommon  to  find  them  distending  the  auricular 


Fig.  290.— Sotteuiug  of  thrombi.    From  the  wall  of  the  right  ventricle. 


appendage,  and  sometimes  filling  the  greater  part  of  the  auricle.  The 
larger  ones  soften  in  the  centre,  forming  a  whitish  or  brownish  juice, 
resembling  pus  in  its  naked-eye  characters,  but  consisting  merely  of 
debris  (see  Fig.  290).  It  is  quite  common  to  find  the  thrombus  con- 
verted  into  a  sac,  composed  of  a  thin  rind  and  a  cavity  filled  with  this 
punform  fluid.  Rupture  may  occur  during  life  and  pieces  of  the 
thrombus  may  be  torn  off",  or  a  thrombus  may  be  detached  bodily  and 
carried  into  the  pulmonary  artery  or  aorta,  so  as  to  produce  embolism. 
Ihe  g  obular  thrombi  are  most  common  in  the  right  auricle  and 
ventricle,  as  these  cavities  are  more  liable  to  dilatation  than  those  of 
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the  left,  hence  embolism  is  more  frequent  in  the  lungs  than  in  the 
systemic  system.  The  formation  of  thrombi  in  the  right  cavities 
often  coincides  with  thrombosis  in  the  veins,  as  causes  which  induce 
dilatation  of  these  cavities  are  similar  to  those  which  lead  to  general 
venous  hypersemia.  Hence  in  a  particular  case  of  pulmonary  embolism 
it  may  be  a  question  whether  the  source  is  in  the  right  heart  or  in 
the  veins. 

The  Polypoid  thrombi  are  much  more  uncommon  than  the  other 
two  forms.  It  sometimes  happens  that  a  thrombus  is  formed 
on  a  valve  or  on  the  internal  surface  of  the  heart  and  from  this 
point   grows  out   by  successive  deposition  to  a  considerable  size. 


Fig.  201. — Globular  thrombus  in  left  auricle. 


The  author  has  met  with  a  case  in  which  the  left  ventricle  was 
filled  with  massive  festoons  thus  formed,  and  great  hypertrophy  and 
dilatation  had  occurred.  In  this  case  also  the  coagula  had  undergone 
a  partial  impregnation  with  lime.  There  is  also  a  case  recorded  by 
Gairdner  in  which  a  thrombus,  formed  of  firm  fibrine  and  attached  to 
the  wall  of  the  right  auricle,  hung  free  in  the  auricle  and  assumed  a 
nearly  globular  form  (see  Fig.  292).  It  was  so  placed  as  to  hang  down 
into  the  tricuspid  orifice,  which  it  greatly  obstructed,  like  a  ball-valve. 

A  somewhat  similar  case  is  recorded  by  Allan  Burns  as  having 
occurred  in  the  Royal  Infirmary,  Glasgow.  In  Fig.  291  is  shown  a 
globular  thrombus  in  the  left  auricle  obstructing  the  mitral  orifice. 
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In  the  first  of  the  cases  referred  to  above,  the  left  ventricle  was  occupied  by  a 
large  firm  fibrinous  mass,  which  consisted  of  twelve  or  thirteen  polypoid  coagula 
having  a  firm  attachment  to  the  anterior  wall  of  the  ventricle  at  about  its  middle. 
It  was  estimated  that  these  coagula  weighed  two  ounces.  The  coagula  were 
obviously  old  and  the  basal  parts  had  undergone  a  kind  of  fibrous  transformation 
resembling  tendon,  while  the  red  part  looked  like  the  fleshy  part  of  a  muscle. 
There  was  no  softening,  but  in  the  substance  of  the  polypus  and  partly  on  its 
surface,  a  somewhat  massive  deposition  of  lime  salts  had  occurred,  forming  at  one 
place  a  sort  of  stem  an  inch  in  length.  (The  specimen  is  in  the  museum  of  the 
Eoyal  Infirmary,  Glasgow.) 


i„  V^^li*  aui-iclo.    It  is  drawn  up  so  as  to  be  displayed,  but 

m  Its  natural  position  it  feU  down  like  a  ball  over  tricuspid  orifice. 

The  second  case  is  one  in  which  a  stenosis  of  the  tricuspid  valve  had  been 
diagnosed  by  Sir  William  Gairdner  many  years  before  death.'  (This  unique  speci- 
men IS  m  the  museum  of  the  Western  Infirmary,  Glasgow.) 

Polypoid  thrombi  of  large  size  may  sometimes  become  detached. 
They  are  often  spoken  of  as  Ball  Thrombi.  In  some  cases  they 
become  calcified  throughout,  forming  the  so-called  Cardioliths. 

JoTVrZ^'^'f,  °^  ^^"^^^  ^"^d  Coats,  Glasg.  Med. 

Joui.,  Feb  1870;  Gaikdner,  Clin.  Med.,  1862,  and  Edin.  Hosp.  Eeports  189.S  • 
WxcKHAM  Leoo  (Loose  balls  of  fibrins  in  left  auricle).  Path,  ^rans    xxix    49 ' 

~^r^  ri8or;'  """i- 

J         iviea.,  VI.,  1899;  Martin  and  Eennie,  Lancet,  ii.,  1899. 
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III. -OCCLUSION  AND  STENOSIS  OF  THE  CORONARY  ARTERIES. 
The  coronary  arteries  are  frequently  affected  either  at  their  orifices 
or  in  their  course  by  lesions  which  interfere  with  the  circulation 
through  them.  As  these  arteries  are,  at  the  most,  possessed  of  very 
imperfect  anastomosing  communications,  obstruction  implies  a  very 
serious  disturbance  in  the  function  of  the  heart,  amounting,  in  the  case 
of  a  sudden  obstruction  of  a  large  branch,  to  sudden  paralysis  of  its 
action  and  death. 

Cohnheim  asserts  that  the  coronary  arteries  are  end-arteries.  Ligature  of  one 
of  the  larger  branches  in  the  dog  produced  first  irregularity  and  then  stoppage  of 
the  heart  in  from  thirty  seconds  to  a  minute.  Wiekham  Legg  and  West  believe 
that  there  are  free  anastomoses  between  the  branches  of  the  arteries,  while  Steven 
asserts  that  there  are  communications,  but  only  among  the  finest  arterioles.  The 
author  is  convinced,  from  observation  of  Steven's  injections,  that  the  communica- 
tions are  of  the  very  finest  vessels,  partly  capillaries  and  partly  minute  arteries. 

Causes  of  obstruction  of  the  coronary  arteries. — These  arteries  are 
peculiarly  liable  to  Atheroma.  Perhaps  the  fact  that,  coming  off 
directly  from  the  aorta,  they  are  exposed  to  higher  pressure  and 
greater  variations  of  pressure  than  other  arteries  of  their  size,  may 
account  for  this.  Atheroma,  as  explained  further  on,  leads  to  narroAv- 
ing  of  the  calibre  of  the  artery,  and  it  often  induces  Thrombosis  which 
may  increase  the  stenosis  or  even  lead  to  occlusion.  This  is  most 
common  where  calcareous  infiltration  follows  atheroma.  After  a 
prolonged  stenosis  there  may  be  a  sudden  complete  occlusion.  Again, 
atheroma  sometimes  leads  to  a  small  aneurysm  of  the  artery.  Atheroma 
in  the  aorta  leads  not  infrequently  to  Obstruction  of  the  orifices  of  the 
coronary  arteries.  The  aorta  is  the  most  frequent  seat  of  atheroma, 
and  as  this  condition  leads  to  thickening  of  the  internal  coat  there  will 
sometimes  be  a  bulging  of  this  coat  over  the  orifices  of  the  coronary 
arteries.  Not  infrequently  the  prominent  intima  around  the  orifice 
coalesces  and  completely  covers  the  aperture.  Syphilis  sometimes 
causes  narrowing  of  the  calibre  of  the  coronary  arteries,  the  condition 
resembling  what  occurs,  with  much  greater  frequency,  in  the  arteries 
of  the  brain  (see  further  on). 

Embolism  is  also  liable  to  occur  in  the  coronary  arteries.  It  used 
to  be  stated  that  during  the  systole  of  the  ventricle  the  coronary 
arteries  were  closed  by  the  curtains  of  the  aortic  valve  falling  against 
them.  It  is  stated  by  recent  observers,  however,  that  this  is  not 
the  case,  and  that  the  orifices  are  exposed  during  the  systole,  and  hence, 
in  cases  of  acute  endocarditis,  small  portions  of  thrombi  are  liable  to 
pass  into  the  coronary  arteries.  The  arteries  obstructed  will  nearly 
always  be  small,  and  the  obstruction  is  often  multiple.    In  ulcerative 
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endocarditis  and  pysemia  there  may  lie  septic  embolism  and  the  forma- 
tion of  abscesses. 

Effects  of  obstruction  of  the  coronary  arteries. — The  results  vary 
somewhat  according  to  the  suddenness  of  the  obstruction,  the  size  of 
the  vessel,  and  otherwise. 

Sudden  obstruction  of  a  considerable  branch,  usually  brought  about 
hy  thrombosis  occurring  in  consequence  of  atheroma,  leads  to  Infarction 
of  the  heart.  The  affected  area  is  usually  in  the  wall  of  the  left  ven- 
tricle, the  artery  most  frequently  obstructed  being  the  descending 
branch  of  the  left  coronary  artery.  If  death  occurs  immediately  after 
the  obstruction  the  part  will  be  found  of  normal  consistence,  but  pale 
yellow  in  colour.  Very  soon  it  becomes  soft  and  yellowish  white  or 
brown  in  colour,  and  the  part  is  depressed  below  the  surface.  In  some 
cases  the  part  becomes  almost  fluid.  This  condition  of  softening,  which 
has  been  called  by  Ziegler  Myomalacia  cordis,  may  be  associated  with 
haemorrhage.  Under  the  microscope  the  muscular  fibre  is  found  more 
or  less  broken  up,  its  transverse  striae  have  disappeared,  and  the 
fibres  have  assumed  a  hyaline  or  waxy  appearance  (waxy  degeneration 
or  coagulation-necrosis).  There  is  often,  at  least  in  the  peripheral  part, 
a  great  infiltration  of  leucocytes,  from  inflammatory  reaction. 

The  softened  portion  of  the  wall  maj' 
give  way  before  the  pressure  of  the  blood, 
and  the  result  may  be  an  Acute  aneurysm 
of  the  heart  or  even  Rupture.  The  condi- 
tion under  review  is  probably  the  most 
frequent  cause  of  rupture  of  the  organ. 

If  the  patcli  of  softening  be  small,  then 
through  time  the  muscular  tissue  is  absorbed 
and  the  connective  tissue  is  increased  in 
the  way  to  be  described  further  on. 

A  more  Chronic  obstruction  of  a  con- 
siderable branch  or  a  sudden  obstruction 
of  a  smaller  branch,  frequently  leads  to  a 
condition  which  has  been  designated  Fibrous 
transformation,  or  (less  happily)  fibroid 
degeneration.  This  condition  is  really  that 
present  in  most  cases  of  so-called  Intersti- 
tial myocarditis.  The  gradual  or  more 
sudden  deprivation  of  blood  causes  atrophy 
and  degeneration  of  the  muscular  fibres, 
comes  to  form  the  chief  or  entire 

due   to  chronic 


Fig.  2S)3.— Section  of  left  ventricle 
and  a  musculus  papillaris  showing- 
fibrous  transformation. 


and  the  connective  tissue 
„        .  ,  constituent  of  the  heart-wall, 

generally  reinforced  by  a  certain  new-formation 
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inflammation.  The.  patches  of  fibrous  transformation  vary  greatly 
in  size  according  to  the  artery  obstructed.  They  may  be  simply 
small  tendinous  areas  in  the  midst  of  the  muscle  (see  Fig.  293), 
or  they  may  affect  extensive  tracts  (see  Fig.  294).  The  tendinous 
or  cicatricial  appearance  is  sometimes  visible  in  the  musculi  papil- 
lares  when  the  ventricles  are  laid  open,  but  it  may  only  be 
discovered  by  slicing  the  muscular  tissue,  which  is  best  done  by 


Fig.  2(14.-l'-ibrous  transformation  of  the  left  ventricle  of  the 
Two  sections  of  the  left  coronary  artery  are  shown.    The  vessel  is  almost  entu-ely 


occluded. 


sections  parallel  to  the  surface  of  the  heart  (see  Fig.  295).  Where  an 
extensive  area  has  undergone  this  transformation  the  wall  of  the  heart 
may  be  bulged  outwards,  thus  forming  a  Chronic  aneurysm  of  the 
heart  (see  Fig.  296).  Under  the  microscope  the  fibrous  patch  consists 
chiefly  of  wavy  connective  tissue  with  very  little  appearance  of  inflam- 
mation. There  may  be  no  muscular  tissue  in  the  midst  of  the  patch, 
but  sometimes  atrophied  fibres  may  be  visible  (see  Fig.  297). 

Fatty  degeneration  is  also  a  result  of  obstruction  of  the  coronary 
arteries.  This  is  most  pronounced  in  cases  of  obliteration  of  the  orihce 
of  one  or  both  arteries  by  atheroma  of  the  aorta. 

In  a  case  observed  by  the  author  where  one  orifice  was  completely  occluded  and 
th  X  :Lewhat  nan-owed,  there  was  generalized  and  typical  ^^^^^ 
such  as  one  sees  in  pernicious  anmmia.    There  was  here  a  slowly  ad>anc.ng. 
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deprivation  of  blood,  which  only  proved  fatal  when  very  extreme.  Greenfield  has 
recorded  a  case  in  which  both  arteries  were  occluded,  and  in  which  he  suggested 
that  the  heart  might  be  partially  nourished  by  imbibition. 

It  is  clear  that  during  life  there  will  often  be,  in  consequence  of  the 
obstruction  of  the  coronary  arteries,  serious  functional  disturbance  of 
the  heart.    There  may  be  urgent  dyspnoja,  pain  and  irregularity  of  the 


Fig.  297.— Fibrous  transformation  of  heart.   The  muscular  tissue  is  in  great  part 
replaced  by  fibrous  tissue,    x  50. 

heart,  leading  up,  it  may  be,  to  death  more  or  less  suddenly.  Angina 
pectoris  is  a  frequent  feature  in  the  cases  of  considerable  niterferencc 
■with  the  circulation. 

Literature.-CoHKHKiM,  Virch.  Arch.,  Ixxxv.,  503,  1881;  Wickham  Leog  On 
cardiac  aneurysms,  Bradshaw  lect.,  1884;  West,  Path.  Trans.,  xxxv    110,  1884, 
QUMK.  On  falty  heart,  1851;  Wbxokhx,  Virch.  Arch.,  Ixxix.,  1880;  H-kh,  .b.d 
Ixxxix    1882;  Tdbneb,  Trans.  Med.  Congress.  London  1881,  i.,  427;  KomN,  Ga.. 
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Hebd.,  1885,  No.  51 ;  Paul,  ibid..  No.  10;  Ziegler,  Lehrbuch,  and  Deutsch.  Arch, 
f.  klin.  Med.,  xxv.;  Hilton  Faggb,  Medicine,  ii.,  32  ;  Steven  (with  full  literature). 
Lancet,  Dec,  1887,  Jour,  of  Path.,  ii.,  190,  1893,  and  Glasgow  Hospital  Eeports, 
vol.  i.,  1898;  Lazabtjs-Baelow  (Dissecting  aneurysm  of  heart),  Brit.  Med.  Journ., 
ii.,  1899. 


IV.— RETROGRADE  CHANGES  IN  THE  HEART. 

1.  Atrophy  of  the  heart. — Brown  atrophy. — This  condition  is  one 
of  comparatively  frequent  occurrence,  but  is  for  the  most  part  merely 
a  part  of  general  atrophy  or  emaciation  of  the  body.  In  emaciating 
diseases  where  the  muscular  system  as  a  whole  has  undergone  great 
reduction  in  bulk,  the  heart  is  found  to  take  part  in  the  same  process. 
Taking  the  normal  weight  of  the  heart  as  9  ounces  for  the  female,  and 
10  or  11  ounces  for  the  male,  we  may  find  it  reduced  to  6  or  even  5 
ounces.    Viewed  as  a  whole  the  heart  is  obviously  smaller,  and  it  has 


(■Mg.  2flS.— Brown  atrophy  of  heart,     x  300. 


a  darker  colour  than  normal,  while  the  coronary  arteries  stand  out 
unduly,  often  as  somewhat  prominent  tubes.  This  change  of  colour 
and  the  prominence  of  the  arteries  are  largely  due  to  the  loss  of  the 
sub-pencardial  fat,  which  normally  covers  the  greater  part  of  the 
surface  and  accompanies  the  coronary  arteries,  partially  embedding 
them  m  the  adipose  tissue. 

The  muscular  substance  when  incised  is  found  to  be  deeper  in  colour 
2o.hv^  "         r"^-     °"  *he  name  of  Brown 

concentration  of  pigment  granules  around  the  nuclei  (Fig  298)  In 
nearly  all  old  persons  there  is  at  the  two  poles  of  each  nuefeus  a  group 

reXXTd't'  r/"'        ''''''  —  ^-^^'y-    There  ifl 
murkfcvLt^^    demarcation  of  the  cells  which  constitute  the 
muscular  cylinders,  an  appearance  which  is  not  normally  present.  This 
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has,  without  sufficient  grounds,  been  interpreted  as  an  indication  of 
disintegration  of  the  muscle.  Brown  atrophy  may  be  associated  with 
fatty  degeneration,  the  brown  pigment  being  distinguishable  by  its 
colour  from  the  fat  granules. 

2.  Fatty  infiltration  of  the  heart.— The  normal  heart  is  well  know 
to  present  on  its  surface  a  certain  amount  of  adipose  tissue  (see 
Fig.  299).    This  fat  is  beneath  the  pericardium,  lying  between  it  and 


Pig.  299.  Wall  of  heart  showing  normal  condition  of  adipose  tissue  on  surface,  to 

contrast  with  next  figure,    x  10. 

the  muscular  substance  of  the  wall.  It  is  normally  most  abundant 
along  the  course  of  the  coronary  arteries,  along  the  inferior  border  of 
the  right  ventricle,  at  the  apex,  and  at  the  origins  of  the  great  vessels. 
In  different  individuals  the  amount  of  the  adipose  tissue  and  the 
extent  to  which  it  covers  the  muscular  substance  so  as  to  conceal  it 
from  view,  vary  greatly,  but  it  may  be  said  generally  that  a  consider- 
able part  'of  the  surface  of  the  right  ventricle  and  the  greater  part 
of  the  left  are  usually  free  of  fat.  Sometimes  this  fat  increases 
greatly,  both  in  superficial  area  and  in  thickness,  so  that  the  entire 
right  ventricle  may  be  covered  while  a  portion  of  the  left  is  still 
free,  or  the  whole  heart  may  be  coated  with  a  thick  mantle  of  fat 
(see  Fig.  301). 

The  adipose  tissue  does  not  always  confine  itself  to  the  pericarchum, 
but  frequently  extends  into  the  connective  tissue  lying  between  the 
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nniscular  fasciculi  in  the  pi'oper  muscular  wall  of  the  heart.  The 
superficial  layers  of  the  muscular  wall  may  thus  be  largely  replaced  by 
adipose  tissue,  which  may  even  appear  in  isolated  patches  immediatel}' 
beneath  the  endocardium  (see  Fig.  301).  It  is  not  uncommon  to  find 
the  proper  muscular  substance  of  the  right-  ventricle  largely  replaced 
by  adipose  tissue,  only  a  thin  layer  of  red  muscle  appearing  inside  the 
tWck  layer  of  fat,  and  even  this  is  interrupted  by  areas  of  adipose 
tissue.   Figure  300  shows  an  extreme  degree  of  fatty  infiltration.   It  is 


oi%  rigVveSe^^'AtoYsi  ''^^  iUustotion  shows  the  whole  thickness 

entire  thickness  of  the  w4  '  x  lO  amongst  the  muscle  through  the 


from  a  section  of  the  right  ventricle  the  muscle  of  which  is  dissociated 
feternT''!.      ""^T  ^^^'^  ^^^^^ds  even  to  the 

here      "fTi  "'T  ^  endocardium.    Of  course,  in  such  cases, 

yeZo    f  "^"'^^"^  P°^^^^^  °f  the  heart,  the  righ 

ventricle  being  more  affected  than  the  left. 

in  ^1;:;::  ^^:r  °'        ^^^^^^  ^^^^  °^  ^  ^---^  obesity. 

sometimes  its    gnifie  n    ^Zl  '°''^'^''^\'^^°-^^ont  the  body  takes  pan.  But 

cases  in  which  adTpor  i  suTfor         T'""^  ^^P"^^  ''^'"'^''^  *° 

occupied  by  the  fat  mTst  be  ohtl  f ^he  space 
stance,  and  the  quesTion  arL«  T  h  '"^'"^^  °^       P'°P^^-  ^""^'''^l-- 

condition  or  thel  ^7:^1^1    w'V''  f*"^'^  °'  f "--^^ 

y  inwtration.   We  have  to  take  into  consideration  the  fact  that 

9  T 
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a  fatty  infiltration  of  an  exactly  similar  character  occurs,  as  we  liave  already  seen, 
in  voluntary  muscle,  and  is  there  associated  with  disuse  of  the  muscle.  In  this 
case  the  loss  of  function  is  the  primary  condition  and  the  fatty  infiltration  is 
secondary.    And  so  in  the  case  of  the  heart,  we  meet  with  fatty  infiltration  in  cases 


Fig.  301.— Fatty  infiltration  of  the  heart. 

where  there  is  no  general  obesity,  often  in  old  debilitated  persons,  or  even  in  those 
who  have  been  subject  to  some  emaciating  disease  such  as  cancer.  In  that  case 
we  may  infer  that  the  atrophy  and  weakening  of  the  muscle  have  been  primary  and 
the  infiltration  of  fat  secondary. 

.3.  Fatty  degeneration  of  the  muscular  substance— This  couditioii 
is  of  exceedingly  frequent  occurrence  in  the  heart,  especially  in  its 
minor  degrees.  '  Any  disease  which  causes  a  serious  deterioration  of 
the  blood  may  produce  it,  and  it  is  seen  in  its  most  pronounced  form 
in  the  various  kinds  of  anaemia,  in  leukaemia,  and  in  the  acute  fevers. 
It  is  also  brought  about  in  a  very  pronounced  form  in  poisoning  by 
phosphorus.  In  a  minor  degree  it  is  seen  in  debilitating  diseases,  and 
is  often  the  more  immediate  cause  of  death  in  hypertrophy  of  the 

heart.  u  *.  <-i 

The  fatty  degeneration  usually  shows  itself  in  patches,  so  that  the 
muscular  tissue  is  seen  to  be,  as  it  were,  flecked  with  pale  spote  or 
streaks  This  is  best  seen  on  examining  the  muscular  tissue  from 
within  (see  Figs.  302  and  303),  as  the  endocardium  generally  produce. 
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but  little  obscuration  of  these  markings,  and  they  are  most  abundant 
in  the  inner  layers  of  the  muscular  substance.    This  flecked  apijearance 


Fig.  302.— Fatty  dcgenenitidii  uf  tho  heart. 


Vig.  303.-Katty  dcgouoratioi,  of  tho  uuisdo  „f  the  right  ventricle  and  anrido. 

is  not  always  present,  and  it  would  be  a  mistake  to  infer  the  abse.ice 

tJ^^i':^::!:^''''^  t  ^t^-  ^^^^  ^^^^-^  -^^-^^•^-^'^^ 

y'     'inic,  and  pale  m  colour,  but  a  very  flabby  heart  may  be  very 
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Fig.  304. — Fatty  degeneration  o£  the  heart.  The 
occurreuce  of  the  lesion  in  patches  is  indicated 
by  the  dark  appearance  of  the  fibres,     x  90. 


little  fatty,  and  fatty  degeneration  may  co-exist  with  a  comparatively 
firm  muscular  tissue.  Microscopic  examination  should  therefore  always 
be  resorted  to. 

Under  the  microscope  in  those  cases  in  which  the  degeneration  is  in 

patches,  the  transparent  muscular 
tissue  is  seen  with  a  low  power 
to   be   interrupted   by  opaque 
patches,  as  in  Fig.  304.  The 
general  outline  of  the  muscular 
cylinders  is  preserved,  but  they 
are  evidently  replaced  by  some 
foreign  material.    Under  a  high 
power,  as  in  Fig.  305,  the  indivi- 
dual fat  drops  become  apparent. 
These  fat  granvdes  are  frequently 
seen  to  be  in  rows,  representing 
the   original  muscular  fibrillse, 
and  the  contractile  substance  is 
obviously  lost  or  converted  into 
oil.    In  minor  degrees  the  de- 
generation is,  as  a  rule,  more  uniformly  distributed  in  the  muscular 
substance,  and  we  can  see  that  the  fat  granules  generally  appear  first 
in  the  neighbourhood  of  the  nuclei  of  the  muscular  fibres,  forming 
elongated   collections  ex- 
tending from  either  pole  of 
the  nucleus. 

4.  Fatty  degeneration 
of  the  endocardium. — 
The  valves  of  the  heart, 
more  particularly  the  mit- 
ral, frequently  show  opaque 
white  or  yellow  patches 
with  little  or  no  thickening.  These  are  areas  of  fatty  degeneration  ; 
they  occur  mostly  in  debilitated  and  anemic  persons,  but  are  also 
met  with  in  cases  where  otherwise  the  body  is  well  nourished. 
These  opaque  patches  without  thickening  should  be  carefully  dis- 
tinguished from  the  results  of  chronic  endocarditis,  which  arc  of  much 

more  serious  import. 

5  Calcareous  deposition  in  the  pericardium  and  connective  tissue. 

_In  connection  with  pericarditis  it  is  not  very  uncommon  to  meet 

^vith  calcareous  infiltration  of  old  fibrine  or  dried-in  pus  which  may 

remain  on  the  surface.    Again,  where,  in  the  pericardium,  there  has 


r  ig.  owu.-Fatty  degeneration  of  the  heart  A  single  fibre 
with  oil  di-ops  in  it,  as  seen  in  the  fresh  stote.     x  iM. 


Fig.  .S05.- 
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been  great  new-formation  of  dense  connective  tissue  from  prolonged 
pericarditis,  lime  salts  may  ])e  deposited  in  the  hard  tissue.  In  this 
way  we  may  have  the  heart  almost  enclosed  in  a  firm  shell.  But, 
fui-ther,  in  the  muscular  substance,  old  cicatrices  may  calcify,  or  an 
abscess  may  dry-in  and  become  impregnated  with  lime  salts.  In  this 
way  we  may  have  stony  masses  developed  in  the  muscular  wall,  these 
being  actually  in  the  connective  tissue  of  the  wall.  Of  much  greater 
fi'equency  and  importance  is  the  deposition  of  lime  salts  in  the  valvular 
structures.  This  is  usually  a  result  of  the  changes  occurring  in  chronic 
endocarditis  (which  see),  but  we  meet  with  considerable  calcification, 
especially  in  old  persons,  without  much  thickening. 

6.  Calcareous  infiltration  of  the  muscular  substance. — The  author 
has  met  with  two  cases  of  calcareous  infiltration  of  the  muscular  sub- 
stance of  the  heart,  but  they  dift'ered  somewhat  from  each  other.  In 
one  the  lime  salts  were  deposited  in  massive  form,  converting  the 
muscular  fibres  into  solid  cylinders,  while  in  the  other  there  was  a 
fine  granular  deposition,  causing  the  fibres  to  resemble  those  in  fatty 
degeneration. 

In  the  one  there  were  pale  patches  seen  with  the  naked  eye  in  the  muscular  sub- 
stance, somewhat  like  those  of  fatty  degeneration,  but  larger  and  situated  in  the 
superficial  layers  just  under  the  pericardium.  These  patches  had,  even  to  the 
naked  eye,  a  streaked  appearance,  the  streaks  following  the  direction  of  the  mus- 
cular fibres  and  indicating  that  the  condition  affected  the  muscular  substance.  On 
cutting  into  the  patches  a  gritty  feeling  was  experienced,  and  under  the  microscope 
the  appearances  seen  in  Fig.  SOR,  were  visible.   The  muscular  fibres  were  converted 


Fig  aO(i.— Calcareous  infiltratiou  of  the  muscular  tissue  of  the  heart.  The 
,nnJ?,„o^  muscular  cyhnders  are  shown  iu  a  petrified  condition  with  transverse 
tiactures.     i<>oni  a  case  of  pysemia.     x  350. 

into  solid  cylinders  which  had  a  markedly  crystalline  appearance.  Many  of  the 
cyhnders  were  fractured  transversely.  On  adding  hydrochloric  acid  to  these 
pa  ches,  there  was  an  abundant  evolution  of  gas  and  a  solution  of  the  lime  salts. 
Alter  the  lime  salts  were  dissolved  the  muscular  fibres  were  restored  so  far  as  their 
ou  me  was  concerned,  but  their  transverse  stria  were  gone.    The  case  in  which 

with  rr  T  °*  P^'"'"'^'  ^'^^       "^'^^^^^^  t^^^t  the  arteries  in  connection 

which  c,l?      !f  obstructed,  causing  a  necrosis  of  the  portion  of  tissue 

wh.ch  subsequently  became  impregnated  with  lime  salts. 
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Fig-.  307. — Calcareous  infiltratiou  of  tho  luii.s- 
cular  fibre  of  the  heart.  Fine  f,Tan\ilo.s  occupy 
the  muscular  fibres.     x  300. 


In  the  other  case  the  condition  was  very  different.  A  certain  portion  of  the 
muscular  substance  of  the  left  ventricle  was  found  of  a  pale  colour  suggesting  tatty 
degeneration,  but  the  colour  was  continuous,  and  it  was  the  external  layers  that 

were  affected,  and  that  mainly  towards 
the  apex.  On  microscopic  examina- 
tion the  muscular  fibres  were  found 
clouded  with  fine  granules  not  unlike 
fat  granules  (Fig.  307).  The  granules, 
however,  were  dissolved  by  hydro- 
chloric acid,  but  without  evolution  of 
gas.  Koster  has  met  with  a  somewhat 
similar  case,  and  he  believes  that  the 
salt  here  is,  in  part  at  least,  sulphate 
of  lime.  In  this  case  the  true  patho- 
logy of  the  condition  was  obscure. 


7.  Other  forms  of  degenera- 
tion. —  Amyloid  degeneration 

affecting  the  intermuscular  ves- 
sels is  not  uncommon.  In  exti'eme  cases  the  endocardium  may  be 
involved.  Hyaline  degeneration  occurs  in  the  muscular  cylinders  in 
sudden  obstruction  of  a  coronary  artery  (see  p.  491).  Mucous  de- 
generation is  sometimes  seen  in  the  valvular  structures  in  the  form 
of  thickenings  of  the  marginal  parts  of  the  curtains. 

It  is  not  uncommon  to  find  the  muscle  fibres  of  the  heart  separated  one  from 
another  as  if  from  some  alteration  in  the  cement  substance  (Secimenlaiioii).  In  a 
number  of  conditions  the  fibres  may  be  found  broken  across  {Fragmentation).  The 
precise  significance  of  these  conditions  is  not  known. 

8.  Injuries  and  rupture  of  the  heart.— Wounds  of  the  heart  are 
not  by  any  means  necessarily  fatal,  although,  of  course,  commonly 
so  (see  Fig.  308).  In  most  cases  of  penetrating  wound  of  the  heart 
there  will  be  fatal  hsemorrhage,  but  such  wounds,  especially  if  they  do 
not  divide  the  muscular  fibres  transversely,  may  heal,  and  be  finally 
closed  by  connective  tissue.  There  are  even  cases  in  which  the  ponit 
of  a  knife  or  a  bullet  has  lodged  in  the  heart  and  become  surrounded 
by  a  connective  tissue  capsule. 

Spontaneous  rupture  of  the  heart  rarely  occurs  except  m  conse- 
quence of  softening  from  obstruction  of  a  coronary  artery,  as  has  been 
already  described.  It  sometimes  occurs  in  pyemia  from  the  formation 
of  an  abscess  in  the  wall  of  the  heart.  It  may  also  result  from  the 
bursting  of  an  aneurysm  of  the  heart,  but  this  also  is  the  more  remote 
result  of  disea,se  of  the  coronary  arteries.  Eupture  of  the  heart  is 
sometimes  ascribed  to  fatty  degeneration  of  the  muscular  hbre.  but 
there  seems  no  evidence  that  this  alone  can  cause  it.  The  rupture 
mostly  occurs  in  the  left  ventricle,  and  near  the  apex  or  towards  the 
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aortic  orifice.  There  is  usually  a  large  escape  of  blood  iuto  the  sac  of 
the  pericardium,  and  the  patient  dies  rapidly.  Beadles  has  drawn 
special  attention  to  the  occurrence  of  spontaneous  rupture  of  the  heart 
in  the  insane. 


V\g.  :iUS.— Bullet  wduud  i)f  heart.    The  aperture  of  entraiiee  and  exit  are  shown. 


Post-mortem  rupture  of  the  heart  is  occasionally  seen  as  the  result  of  putrefactive 
changes.    It  is  most  common  in  the  right  ventricle. 

Literature.— ^/ro/j/iy  and  fatly  f/tamj/e-s— Albers,  Atrophic  des  Herzens  ;  in 
Casper's  Wochenschr.,  1836,  50;  Chubch  (small  heart  weighing  3  oz.  1  dr.),  Path. 
Trans.,  xix.,  1868,  p.  147  ;  E.  Quain,  Fatty  dis.  of  heart,  1851 ;  Barlow,'  Fatty 
degen.,  1858;  Perl  (Fatty  heart  in  aniemia),  Virch.  Arch.,  lix.  39;  also  Ponfick 
Berl.  klin.  Wochenschr.,  1872.  Calcifi cation ~Coj,ts,  Glas.  Med.  Jour.,  Aug.  1872  ■ 
also  Heschl,  Zeitschr.  f.  pvact.  Heilk.,  1860,  and  Both,  Correspbl.  f.  schweizer 
Aerzte,  1884;  Eobin  et  Jdhel-Eenoy,  Arch.  g(5n.  de  med.,  1885;  Allan  Burns 
(exaggerated  case  of  calcification  of  pericardium  and  heart),  Dis.  of  heart,  etc.,  1809 
Amylotd  c^enem^ion-HEscHL,  Wien.  med.  Wochenschr.,  1870;  Kybee  Virch 

Z  ""'^  ''y^^'"  ^"8'"-  '^^^  Bindegewebes;  1885.  Segmenta- 

a,Hl  /^mr/«,.„,„,,o«-HEKTOEN,  Amer.  Jour.  Med.  Sciences,  1897;  MacCallum, 
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Jour.  Exp.  Med.,  1899.  Bioplure—see  Schriitter,  in  Ziemssen's  Encycl.,  vol.  vi. 
Various  cases  in  Path.  Trans.,  etc.;  Haddon  (llupture  in  pytemia).  Path.  Trans., 
XXXV.,  121;  Robin,  Gaz.  hebd.,  1885,  No.  51;  Beadles  (Rupture  in  the  insane). 
Path.  Trans.,  xlvi.,  p.  3G. 

v.— HYPERTROPHY  AND  DILATATION  OF  THE  HEART. 

Hypertrophy  and  dilatation  concern  chiefly  the  muscular  substance 
of  the  heart,  giving  rise  according  to  circumstances  to  enlargement 
of  particular  ventricles  or  auricles,  or  of  the  heart  as  a  whole. 

Causation. — It  will  be  found  that  this  new-formation  of  muscular 
tissue  is  in  nearly  all  cases  Compensatory,  that  is,  intended  to  make  up 
for  some  defect  in  the  heart  itself  or  in  the  circulation.  The  needs  of 
the  organism  assert  themselves  by  the  nervous  connections  of  the  body 
on  the  cardiac  ganglia,  and  the  contractions  become  more  forcible. 
Within  the  limits  of  health,  and  without  any  increase  in  the  volume  of 
the  cardiac  muscles,  there  are  great  variations  possible  in  the  force  of 
the  cardiac  contractions.  But  where  the  heart  is  for  a  long  period 
impelled  to  unusually  violent  exertion,  it  becomes  hypertrophied. 

In  many  of  these  conditions  there  is  a  mechanical  interference 
with  the  flow  of  the  blood  either  in  the  heart  itself  or  in  the  arteries, 
and  as  a  consequence  the  heart  is  overloaded  with  blood,  but  in 
some  the  mechanical  cause  is  not  very  obvious.  As  a  general  rule 
the  cavities  are  dilated,  and  the  dilatation  may  indeed  be  the  primary 
condition,  the  hypertrophy  occurring  as  a  secondary  consequence. 
It  is  usual,  therefore  to  consider  dilatation  and  hypertrophy  together, 
there  being  commoidy  some  dilatation  along  with  the  hypertrophy. 

Hypertrophy  from  overstrain.  Idiopathic  hypertrophy.— Patho- 
logists have  frequently  observed  that  hypertrophy  of  the  heart  has 
existed  without  any  mechanical  hindrance  in  the  circulation  being 
discoverable.  Some  of  these  cases  have  been  traced  to  functional 
disorders  of  the  heart,  the  organ  contracting  more  frequently  and 
violently  than  it  should.  But  some  cases  are  really  due  to  frequent 
and  violent  exercise,  which  has  been  so  prolonged  as  to  have  taxed 
the  contractile  power  of  the  heart  beyond  its  normal  ability.  The 
acute  overstrain  may  be  produced  by  prolonged  muscular  exertion, 
such  as  in  hill-climbing  (AUbutt),  athletic  exercises,  etc.  It  has  been 
induced  experimentally  by  Roy  and  Adami,  by  narrowing  the  aorta. 
In  that  case  dilatation  of  the  heart,  followed  by  incompetence  of  the 
auriculo-ventricular  valve,  was  the  result. 

When  frequently  repeated,  such  overstrain  will  lead  to  hypertrophy, 
which  may  only  partly  compensate,  and  there  may  be  a  permanent 
over-dilatation  with  incompetence  of  the  valves 
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This  has  been  observed  under  a  variety  of  circumstances.  It  has  been  described 
as  occurring  amongst  the  Cornish  miners,  who  after  their  work  was  over  had  to 
reach  the  surface  of  the  earth  by  climbing  ladders  for  an  hour  (Peacock),  or  in 
the  case  of  people  in  hilly  countries  who  are  in  the  habit  of  carrying  loads  uphill 
(Miinzinger).  It  has  been  observed  also  in  young  soldiers,  who,  as  a  result  of 
severe  drill,  have  frequently  attacks  of  palpitation.  The  ability  of  the  heart  varies 
greatly  in  different  individuals;  in  some  the  strain  of  drill  reveals  a  weakness 
which  has  come  to  be  recognized  in  the  army  as  "irritable  heart"  (Da  Costa, 
Maclean  and  Myers).  During  campaigns,  also,  long  marches  may  so  overstrain  the 
heart  as  to  lead  to  dilatation  and  hypertrophy  (Friintzel). 

Adhesion  of  the  pericardium  and  Valvular  disease  are  familiar 
causes  of  hypertrophy.  In  both  of  them  interference  with  the  circu- 
lation exists,  as  will  be  seen  further  on. 

Obstruction  of  the  coronary  arteries,  leading  to  permanent  loss  of  a 
portion  of  the  muscular  wall,  will  cause  hypertrophy,  both  on  account 
of  the  loss  of  tissue  and  of  the  derangement  of  the  muscular  apparatus 
of  the  wall. 

Hypertrophy  is  a  frequent  result  of  Obstruction  to  the  circulation 
in  the  lungs.  In  emphysema,  for  instance,  there  is  great  oblitera- 
tion in  the  pulmonary  vessels,  and  the  right  ventricle  contracts  more 
vigorously  to  compensate.  A  similar  result  may  follow  other  chronic 
diseases  of  the  lungs,  and  even  extensive  pleural  adhesions. 

Interferences  with  the  systemic  circulation,  especially  Aneurysms 
and  Rigidity  of  the  arteries,  are  frequent  causes  of  hypertrophy  of 
the  left  ventricle. 

Chronic  Bright's  disease  leads  to  hypertrophy  of  the  left  ventricle 
by  raising  the  general  systemic  blood-pressure.  (See  further  under 
Diseases  of  the  Kidneys.) 

Forms  of  cardiac  hypertrophy. — From  what  has  gone  before,  it 
will  be  apparent  that  hypertrophies  of  the  heart  vary  greatly  in 
amount  and  in  the  distribution  of  the  enlargement.  The  term 
General  hypertrophy  is  used  to  express  an  enlargement  of  the  heart 
m  all  its  parts,  while  Partial  hypertrophy  expresses  an  enlargement 
limited  to  a  part  of  the  organ.  As  it  is  the  ^'entricles  which  are 
specially  exposed  to  the  causes  of  hypertrophy,  the  partial  forms 
are  divisible  into  two,  namely,  hypertrophy  of  the  right  and  left 
ventricles  respectively. 

In  General  hypertrophy  the  general  shape  of  the  heart  is  not  much 
altered.  The  heart  is  enlarged  in  all  its  parts,  the  ventricles  and 
auricles  are  increased  in  capacity,  and  their  walls  thickened.  The 
heart  is  like  that  of  a  bullock  in  size,  so  that  the  name  cm-  bovix 
IS  often  applied  to  it. 

When  the  right  ventricle  is  mainly  affected,  the  heart  assumes  a 
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somewhat  quadrilateral  form  (see  Fig.  309).  On  examining  the 
normal  heart  as  it  lies  on  its  posterior  surface,  after  removal  from 
the  body,  the  right  ventricle  is  seen  to  occupy  the  greater  part  of 
the  anterior  aspect.  The  normal  position  of  the  septum,  as  shown 
in  the  accompanying  figure,  is  slightly  to  the  right  of  the  left  border, 
and  it  reaches  the  apex  region  slightly  to  the  right  of  the  true 
apex.  In  the  heart  the  position  of  the  septum  is  always  indicated 
on  the  surface  by  a  coronary  artery,  which,  with  its  padding  of  fat, 
occupies  a  groove  corresponding  with  the  anterior  border  of  the 
septum.  In  hypertrophy  of  the  right  ventricle,  as  shown  by  the 
dotted  line  in  the  figure,  the  apex  is  unduly  obtuse,  and  it  is  often 


Fig.  30il— Hypertrophy  of  right  ventricle.  The 
idteration  ill  shape  is  indicated  by  the  dotted  line  ; 
(I,  superior  vena  cava ;  b,  aorta  ;  c,  conus  arteriosus  ; 
d,  right  auricle ;  e,  left  auricle ;  /,  left  ventricle. 

(RiNDFLEISCH.) 


fig.  310.— Hypertrophy  of  left 
ventricle.  The  alteration  in  shape 
indicated  by  dotted  lines ;  g,  the 
hypertrophied    venti-icle.  (Rinji- 

FLEISCH.) 


difficult  to  determine  what  is  its  exact  seat.  The  septum  is  nearer 
the  left  border  than  usual,  and  it  reaches  the  apex  region  rather  to 
the  left  than  the  right  of  the  most  projecting  point.  The  right 
ventricle  also  monopolizes  the  anterior  aspect  of  the  heart  still 
more  than  in  the  normal  condition.  When  the  heart  is  laid  open, 
the  undue  thickness  of  the  right  veutricle",  as  well  as  the  en- 
largement of  its  cavity,  become  apparent.  Fig.  311  shows,  the 
appearances  on  section. 

In  Hypertrophy  of  the  left  ventricle  the  relations  are  very 
different,  as  shown  in  Fig.  310.  The  heart  as  a  whole  is  more 
elongated  and  pointed  than  normal,  and  this  is  often  very  striking. 
The  apex  part  especially  appears  greatly  prolonged.  AVhen  the  heart 
is  viewed  on  its  anterior  aspect  the  septum  is  seen  to  he  more  to 
the  right  than  is  normal,  and  the  true  apex  is  much  further  to  the 
left  of  the  point  at  which  the  septum  reaches  the  apex  region.  On 
laying  open  the  heart,  the  thickening  of  the  wall  of  the  left  ventricle 
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is  very  obvious,  and  the  septum  is  often  greatly  thickened.  The 
septum  belongs  partly  to  the  left  and  partly  to  the  right  ventricle, 


Kig.  31 1.— Uypcrtroiihy  and  dilatatiou  of  the  ngbt  veiitrlclu  nf  the  heart. 

but  as  the  left  ventricle  is  much  thickei-  than  the  right,  the  septum 
belongs  more  to  the  left.     It  will  partake  in  the  hypertrophy  of 


1  J^^c  ^12.— Transverse  section  of  ventricles  of  heart  showiui?  hyviertrophv  of  the 
left,  from  a  case  of  chronic  Bright's  disease.  a    ji        i  j 

either  ventricle,  and,  in  the  case  we  are  considering,  the  thickening 
IS  often  very  striking.    The  thickened  septum  frequently  bulges  into 
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the  light  ventricle,  sometimes  diminishing  its  capacity  greatly,  and 
even  producing  actual  obstruction  of  the  conus  arteriosus.  In  trans- 
verse section  the  hypertrophy  of  the  left  ventricle  is  sometimes  very 
manifest,  the  I'ight  forming  merely  a  crescentic  appendage  (see 
Fig.  312). 

Hypertrophy  and  dilatation  of  the  auricles  is  less  common,  but 
may  be  very  marked.  The  right  auricle  is  specially  liable  to  dilata- 
tion, in  consequence  of  mitral  or  tricuspid  stenosis  (see  Fig.  313),  or 
obstruction  to  the  pulmonary  circulation.    This  dilatation  may  reach 


Kig.  3  L3.— Great  dilatation  of  right  auricle.  Stenosis  of  mitral  and  tricuspid 
orifices.  The  auricles  are  shown  in  transverse  section,  the  right  above  much  dilated. 
The  contracted  orifices  are  also  shown. 

an  extraordinaiy  amount,  as  in  Fig.  313,  and  in  a  case  recorded  by 
Middleton.  Dilatation  of  the  left,  auricle  is  less  frequent.  It  occurs 
by  no  means  regularly  as  a  result  of  mitral  stenosis,  but  occasionally 
does  so.  Owen  and  Fenton  record  a  striking  example  of  excessive 
dilatation  of  the  left  auricle. 

The  total  Increase  in  weigM  in  hypertrophy  of  the  heart  is  greatest  in  cases 
where  both  ventricles  are  enlarged,  and  the  weight  of  the  heart  in  such  cases  not 
uncommonly  reaches  from  27  to  30  ounces.  It  is  least  where  the  right  ventricle 
alone  is  enlarged,  because  this  ventricle,  as  a  whole,  weighs  much  less  than  the 
left  but  in  pure  right  ventricular  hypertrophy  a  weight  up  to  17  ounces  is  not 
infrequent.  In  hypertrophy  of  the  left  ventricle,  as  in  Bright's  disease,  the  weight 
is  frequently  over  20  ounces. 
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The  hypertrophied  heart  often  presents  a  peculiarly  firm  condition  of  its  wall, 
and  this  has  been  ascribed  by  Sir  William  Jenner  to  a  Passive  congestion  of  the 
heart.  Cases  of  cardiac  hypertrophy  are  very  frequently  such  as  to  lead  to  a 
general  venous  engorgement,  in  which  the  heart  itself,  being  related  to  the  general 
venous  system,  partakes.  Now,  prolonged  venous  hyper.-emia  produces  in  organs, 
as  we  have  seen  already,  a  certain  hypertrophy  and  increased  density  of  the  connec- 
tive tissue.  Some  part  of  the  hypertrophy  in  such  cases  may  even  be  due  to 
increase  of  the  interstitial  connective  tissue.  Hence  the  result  is  that  the  walls  of 
the  heart  are  more  rigid  than  normal,  and  when  the  cavities  are  laid  open  they  do 
not  collapse,  but  stand  out  with  their  outline  retained,  the  walls  having  a  tough 
leathery  character.  The  muscular  substance  also  is  frequently  of  a  very  red  colour, 
this  being  largely  due  to  the  excess  of  blood  in  the  vessels. 

Literature.— G.iiRDNBE  (causes  of  dilatation),  Brit,  and  For.  Med.  Chir.  Keview, 
1853;  Peacock,  On  some  of  the  causes  and  effects  of  valv.  dis.  of  heart,  1865; 
Leitz,  Deutsch.  Arch.  f.  klin.  Med.,  xi.  and  xii.  ;  MijNziNGEB,  ibid.,  xix. ;  Maclean, 
Brit.  Med.  Journ.,  Feb.  16,  1867,  etc. ;  Myebs,  On  diseases  of  the  heart  among 
soldiers,  1870;  Fbaentzel,  Virchow's  Arch.,  Ivii.,  215;  Clifford  Allbutt,  St. 
George's  Hosp.  Eep.,  1870,  v.,  23,  and  System  of  medicine,  1898,  vol.  v. ;  Da  Costa, 
Am.  Journ.  of  Med.  Sc.,  1871;  Eoy  and  Ad.ami,  Brit.  Med.  Jour.,  1888,  ii.,  1321; 
Laache  (Athletics),  Internat.  Med.  Congress,  1894,  Brit.  Med.  Jour.,  1894,  i.,  738; 
.Jenner  (Congested  heart),  Med.  Chir.  Trans.,  1860,  p.  199;  Middleton,  Clinical 
Records,  1894;  Owen  and  Fenton,  Clin.  Soc.  Trans.,  xxxiv.,  1901. 


VI.-INFLAMMATIONS  OF  THE  HEART. 

The  inflammations  of  the  heart  are  divisible  into  three  forms, 
according  as  the  myocardium,  the  endocaidium,  or  the  pericardium 
is  the  primary  seat.  As  the  myocardium  is  closely  in  contact  with 
the  pericardium  and  endocardium,  it  will  sometimes  partake  in  their 
inflammations. 

1.  Myocarditis.— This  name  designates  inflammation  of  the  muscular 
substance  of  the  heart.    Several  forms  are  distinguished. 

Parenchymatous  myocarditis  is  a  general  inflammation  of  the  proper 
muscular  fibre  of  the  heart.  The  term  is  applied  chiefly  to  cases  of 
aggravated  parenchymatous  degeneration,  occurring  in  acute  infective 
diseases.  It  is  met  with  chiefly  in  septic  and  pysemic  conditions,  and 
in  diphtheria,  typhoid  fever,  gonorrhoea,  etc. 

It  must  be  said  that  this  form  of  disease  is  somewhat  indefinite,  and,  in  any  case, 
is  secondary  in  its  origin.  There  is  reason  to  believe,  however,  that  certain  of  the 
morbid  poisons  attack  the  heart  more  especially,  and  act  directly  on  its  muscular 
substance.    This  is  true  especially  of  diphtheria,  and  perhaps  also  of  small-pox. 

Purulent  myocarditis  is  also  a  secondary  aff"ection,  occurring  in 
consequence  of  the  transportation  of  material  containing  infective 
microbes.  It  is  frequently  embolic,  being  part  of  the  phenomena  of 
Pysemia  or  Ulcerative  endocarditis.  The  infective  matter  is  dis- 
tributed by  the  coi'onary  arteries,  and  gives  rise  to  multiple  softenings 
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^oing  on  to  the  fornication  of  Abscesses.  Such  localized  suppurations 
soften  the  wall  of  the  heart,  and  may  lead  to  Aneurysm  or  Rupture. 

The  abscesses  do  not  readily  burst  into  the  cavities  of  the  heart;  but 
are  liable  to  extend  to  the  pericardium,  where  they  give  rise  to  a 
purulent  pericarditis.  A  suppurative  inflammation  of  the  myocardium 
may  also  occur  by  extension  from  the  endocardium  in  ulcerative 
endocarditis.  The  microbes  on  which  this  disease  depends  may  propa- 
_gate  into  the  muscular  substance,  and  so  cause  ulceration  {acute  ulcer  of 
the  heart),  or  may  even  lead  to  an  abscess  burrowing  in  the  wall  of  the 
"heart.  This  again  may  lead  to  aneurysm  or  rupture  of  the  wall.  It 
is  seldom  that  such  abscesses  as  these  heal,  but  there  are  cases  of 
pyaemia  in  which  calcification  either  of  the  abscesses,  or  of  poi'tions 
of  the  heart's  substance  which  had  been  softened  by  embolism,  has 
been  observed.  A  case  investigated  by  the  author,  and  referred  to 
under  calcareous  infiltration,  was  probably  of  this  kind. 

Interstitial  myocarditis  consists  in  an  inflammatory  increase  of  the 
interstitial  connective  tissue.  There  is  no  doubt  that  in  the  great 
majority  of  cases  the  cicatricial  or  tendinous  patches  met  with  in  the 
heart  are  due  to  obstruction  of  the  coronary  artery,  as  already  described, 
.and  in  all  such  cases  these  arteries  should  be  examined.  A  more  direct 
local  inflammation  may  be  due  to  other  specific  causes.  Thus  in 
pericarditis  or  in  endocarditis,  the  inflammation  may  extend  to  the 
muscular  substance,  causing  induration  of  the  superficial  layers  on  the 
■one  hand,  or  of  the  internal  layers  on  the  other.  And  again  in  chronic 
endocarditis  affecting  the  mitral  valve  we  often  find,  along  \\dth  thicken- 
ing of  the  chordae  tendineae,  a  partial  conversion  of  the  musculi  papillares 
into  dense  fibrous  tissue,  in  fact,  an  interstitial  inflammation  -^^'ith 
destruction  of  the  muscular  tissue. 

A  localized  interstitial  myocarditis  may  be  the  result  of  Syphilis. 
There  is  sometimes  a  definite  gumma,  around  which  a  great  new 
formation  of  connective  tissue  has  occurred,  but  there  may  be  a  local 
cicatricial  condition  without  any  gumma  being  detected.  In  these  cases 
there  has  probably  been  a  gumma  at  an  earlier  period.  (See  further 
on.)  Syphilis  may  also  produce  fibrous  transformation  by  causing 
syphilitic  lesions  in  the  coronary  artery  such  as  have  been  already 
described  (see  Fig.  294,  page  492). 

It  is  doubtful  whether  a  general  interstitial  myocarditis  occurs.  Some  have 
asserted  its  existence  in  dilated  and  hypertrophied  hearts,  and  especially  in  the 
hypertrophy  of  the  left  ventricle  in  Bright's  disease  (see  especially  Turner).  There 
is,  no  doubt,  in  the  congested  heart  hypertrophy  of  the  connective  tissue,  but  the 
author  has  failed  to  find  evidence  of  a  true  inflammatory  condition  either  here  or 
in  the  hypertrophy  of  Bright's  disease. 
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■1.  Endocarditis.— The  various  forms  of  endocarditis  are  somewhat 
closely  related  to  each  other,  but  it  is  possible  to  distinguish  three 
forms— a  simple  acute,  a  simple  chronic,  and  an  ulcerative  or  infective 
form.  The  acute  forms  are  simply  more  or  less  marked  examples  of 
the  same  process.  They  are  considered  separately  for  purposes  of 
convenience. 

'(ft)  Simple  acute  endocarditis  {Endocarditis  verrucosa)  occurs  as  a 
secondary  effect  of  certain  acute  febrile  diseases. 

Causation.— Chief  amongst  the  causes  is  Acute  rheumatism,  but 
Chorea  is  also  to  ,be  assigned  as  a  frequent  cause,  and  more  rarely 
scarlet  fever,  measles,  typhoid  fever.  According  to  Bamberger  20  per 
cent,  of  the  cases  of  acute  rheumatism  are  complicated  Avith  acute 
endocarditis,  and  according  to  Osier  30  per  cent,  of  the  cases  of  chorea 
are  so  affected.  .  Whatever  view  we  take  of  the  origin  and  nature  of 
acute  articular  rheumatism,  it  must  be  admitted  that  the  blood  is  of  an 
unusually  irritating  nature,  being  the  carrier  of  some  irritant  of  un- 
known nature  (see  p.  166).  The  occurrence  of  acute  inflammations  in 
several  joints  often  removed  considerably  from  one  another,  and  the 
frequent  supervention  of  inflammation  in  the  pericardium  and  endo- 
cardium, are  sufficient  evidences  of  this.  The  irritant,  whatever  be  its 
nature,  seems  to  act  specially  on  connective  tissue  membranes,  and  on 
such  as  are  exposed  to  friction  of  their  surfaces.  It  affects  the  joints 
where  the  synovial  membranes  lie  against  each  other  and  in  the  move- 
ments of  the  joints  are  moved  on  one  another.  It  attacks  the  pericardium 
where  the  movements  of  the  heart  cause  continuous  rubbing,  and  when 
it  attacks  the  endocai'dium  it  affects  exactly  the  localities  where  the 
surfaces  come  into  contact.  It  is  as  if  in  addition  to  the  irritant  in 
the  blood,  the  mechanical  irritation  of  friction  were  necessary  to  the 
occurrence  of  inflammation,  and  it  may  be  added  that  in  the  adult  the 
inflammation  is  usually  limited  to  the  valves  of  the  left  side  of  the  heart, 
where  the  higher  tension  of  the  blood  and  greater  force  of  the  heart 
make  the  mechanical  force  of  friction  greater  than  on  the  right  side. 
AVe  shall  see  afterwards  how  this  fact  bears  on  the  localization  of  the 
endocarditis. 

Characters  of  lesion. — The  most  characteristic  effects  produced  in 
acute  endocarditis  are  the  so-called  Warty  vegetations,  which  are 
pale,  irregular  projections  from  the  surface  of  the  endocardium, 
generally  of  small  size  and  somewhat  shaggy  in  appearance.  (See 
Figs.  3U  and  .315.) 

The  vegetations  are  composed  partly  of  the  swollen,  inflamed  tissue 
of  the  valve  and  partly  of  fibrine  deposited  on  the  inflamed  surface. 
The  niflamed  connective  tissue  produces  round  cells  and  is  converted 
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into  granulation  tissue,  and  the  affected  parts  are  thus  increased  in 
bulk,  and  rendered  more  friable  so  that  irregular  projections  are  pro- 


Fig.  314. — The  aortic  valve  iu  acute  endocarditis.  The  warty  vegetations,  occupy- 
ing the  lines  of  contact,  are  .shown. 


duced.  The  projections  ai'c  enlarged  by  deposition  of  fibrine,  which 
may  be  regarded  as  a  kind  of  fibrinous  exudation,  but  is  derived  from 

the  blood  flomng  over  the  sur- 
face, and  not  from  the  vessels 
of  the  part.  It  is,  perhaps, 
more  correctly  a  thrombosis, 
and  as  the  blood  is  in  motion 
the  White  thrombus  is  the 
form  produced.  The  fibrine 
generally  forms  the  greater  part 
of  the  bulk  of  the  vegetations 
(see  Fig.  316).  On  their  first 
occurrence  the  vegetations  are 

Fig.  31.5.-Acute  endocarditis  of  mitral  valve.  The  limited  tO  the  partS  of  the 
curtains  are  fringed  with  prominent  warty  vegeta-  ,,„lvpc  wliipli  onmp  no-fliiT^t  pach 
tions.    From  a  chOd  of  seven,  the  subject  of  acute    ValVCS  Wnicn  COme  against  eacn 

rheumatism.  Other  during  their  closure,  and 

this  localization  continues  more  or  less  throughout. 

When,  after  removal  of  the  heart,  a  stream  of  water  is  sent  into 
the"  aorta  cut  transversely  a  short  distance  above  the  valve,  we  can 
look  down  on  the  valve  closed  by  the  force  of  the  water.  It  will 
then  be  seen  that,  in  the  normal  valve,  the  curtains  are  not  in 
contact  by  their  margins,  but  that  the  line  of  contact  is  slightly 
removed  from  their  edges,  and  a  certain  portion  of  the  valve  floats 
free  in  the  water,  taking  no  direct  part  in  the  closure  of  the  orifice. 
The  line  of  contact  is  nearest  the  edge  of  the  curtain  in  the  middle 
of  each  segment,  i.e.  at  the  corpus  Ai-antii,  and  forms  on  either  side 
of  this  a  curved  line  with  the  convexity  downwards.    Between  the 


ACUTE  ENDOCARDITIS. 


513 


line  of  contact  and  the  edge  of  the  curtain  the  valve  is  often  per- 
forated, and  it  may  even,  as  we  have  seen  before  (p.  483,  Fig.  287), 
be  partially  resolved  into  tendinous  cords  without  interfering  with 
the  closure  of  the  valve. 

In  the  mitral  valve  the  line  of  contact  is  also  removed  from  the 
edges  of  the  curtains.  In  the  case  of  the  aortic  valve  the  line  of 
contact  is  of  course  on  the  ventricular  side  of  the  curtains,  but  in 
the  mitral  it  is  on  the  auricular  side,  and  in  order  to  see  the 
vegetations  in  acute  endocarditis  it  is  usually  necessary  to  examine 


Fig.  310.— Acute  endocarditis  from  a  vegetation  on  tlie  mitral  valve,    x  20. 

the  orifice  by  looking  in  from  the  auricle.  Acute  endocarditis  of 
the  mitral  valve  often  escapes  notice  from  this  not  being  done. 

In  acute  endocarditis  the  warty  vegetations  frequently  demarcate 
very  accurately  the  lines  of  contact  of  the  aortic  and  mitral  valves 
and  the  appearances  produced  in  the  former  case  are  indicated  in 
i^ig.  314.  When  the  inflammation  extends  to  the  valves  of  the  right 
side,  the  same  principles  apply.  In  the  case  of  the  pulmonic  valve 
aslo7nf  '^P'"'  '^""^  °^  ventricular 

J Sn  bv  lo  V  'T"''  '"^  ^"  *"^^^^P^^^  ^^1^^  ^hey  are  to  be 
seen  by  lookmg  down  through  the  auricle. 

brit  Te  1T> '^""^^^  ^"  renders  it  unduly 

orittie,  and  it  is  not  surprising  to  find  that  portions  of  the  vegetations 

2  K. 


5U 


DISEASES  OF  HEAllT  AND  PEHICARDIUM. 


Fig.  317. — Aneurysms  of  the  aortic  valve.  There  is  oue  to  the  left  in  tlie  form  of  a 
pouch,  and  one  to  the  right  which  has  ruptured. 


ACUTE  ENDOCARDITIS. 


515 


are  frequently  broken  off"  and  carried  by  the  arteries  to  distant  parts, 
to  produce  embolism  there.  These  broken-off"  pieces  are  mostly  small, 
and,  beyond  the  ordinary  phenomena  of  embolism  in  small  arteries  and 
capillaries,  they  do  not  by  their  own  nature  produce  much  disturbance, 
in  this  respect  contrasting  with  the  emboli  of  ulcerative  endocarditis. 
The  softening  of  the  tissue  may  result  in  one  of  two  further  lesions, 
either  of  which  may  interfere  with  the  function  of  the  valve  :  these  are 
rupture  of  the  chordse  tendinese  and  valvular  aneurysm. 

Rupture  of  the  chordaB  tendlnese  sometimes  occurs  in  the  mitral 
valve  both  in  acute  and  ulcerative  endocarditis  when  the  inflam- 
mation happens  to  extend  to  these  structures  (see  Fig.  318).  The 


f  ^^^^ 


Fig.  319. — Aneurysm  of  the  mitral  valve  in  ulcerative  endocarditis.    Tliere  is  in 
addition  a  large  ruptured  aneurysm  of  the  aortic  valve. 

result  will  be  that  during  the  systole  of  the  ventricles  the  valvular 
curtain  will  be  allowed  to  some  extent  to  pass  upwards  towards  the 
auricle,  and  so  allow  of  regurgitation  through  the  orifice. 

Aneurysm  of  the  valves  is  the  condition  in  which  a  pouch  exists,  pro- 
jecting from  a  valve  and  with  a  narrow  neck  (Figs.  317,  319,  and  320). 
It  occurs  in  ulcerative  as  well  as  in  simple  acute  endocarditis.  With  the 
aid  of  the  accompanying  diagram  (Fig.  321),  the  mode  of  formation  of 
the  aneurysm  may  be  illustrated  in  the  case  of  the  aortic  valve,  which 
18  Its  most  frequent  seat.  The  semilunar  curtains  which  form  the 
valve  are  each  composed  of  a  double  fold  of  endocardium,  as  repre- 
sented at  a.    In  acute  endocarditis  it  is  the  ventricular  layer  which 
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is  principally  involved  along  the  line  of  contact,  as  indicated  at  b. 
The  aortic  layer  is  usually  smooth  and  unaltered  to  the  naked  eye. 
At  the  affected  part  of  the  ventricular  layer  the  tissue  is  softened 
and  during  the  closure  of  the  valve  the  single  aortic  layer  may  be 


Pig.  320. — Aiioury.sm  of  tho  initiii,!  \alvc  iu  ulcerative  endocarditis.  Fi'om  the 
same  specimen  as  Fig.  319.  Viewed  from  the  aui-icular  surface.  The  aneurysm  has 
ruptured. 

unable  to  support  the  full  pressure  of  the  blood.  In  this  way  it 
may  be  pushed  towards  the  ventricle,  carrying  before  it  the  softened, 
ventricular  layer,  as  at  c.    It  mil  be  apparent  that,  in  the  case  of  the 


a 


d 


Pie-  321  — Diagi-am  of  mode  of  formation  of  aneurysm  of  the  aortic  valvo.  The  cur- 
tain (a)  f oraed  of  two  layers  ;  at  (6)  its  outer  layer  roughened  and  softened  ;  at  (c)  the 
aneurysm,  which  has  burst  at  (c/),  so  as  to  perforate  the  valve. 

aortic  valve,  the  aneiu-ysm  mil  always  project  into  the  ventricle.  In 
the  case  of  the  mitral  valve,  on  the  other  hand,  the  softened  layer 
is  on  the  auricular  surface  of  the  valve,  and  the  pressure  of  the  blood 
during  closure  of  the  valve  being  exercised  towards  the  auricle,  the 
aneurysm  consequently  projects  towards  that  cavity  (see  Figs.  319,  320). 
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As  the  aneurysm  owes  its  origin  to  acute  endocai'ditis,  its  surface 
is  usually  covered  with  vegetations,  which  are  often  very  abundant, 
and  may  so  conceal  the  aneurysm  as  to  lead  to  its  being  overlooked. 
The  aneurysm,  again,  may  rupture,  and  so  produce  a  perforation  of 
the  valve.  It  is  sometimes  as  if  the  bottom  had  been  blown  out  of 
the  aneurysm  and  a  short  tube  left,  surrounded  by  shaggy  vegetations 
(as  at  d  in  Fig.  321).  Even  in  that  case,  however,  if  the  neck  of  the 
aneurysm  be  examined,  it  is  often  found  that  the  endocardium,  as  it 
passes  into  it,  is  smooth  and  unaltered. 

{b)  Chronic  endocarditis  commonly  follows  on  the  acute  form, 
and,  like  it,  is  related  to  acute  rheumatism,  chorea,  etc.,  but  it  may 
be  of  more  independent  origin,  not  infrequently  occurring  in  the 


Fig.  322.— Great  thickening  uf  the  churdje  tendiuea)  of  the  initnil  valve  the 
result  of  chronic  endociirditis. 

aortic  valve  along  with  the  similar  disease  of  the  aorta,  namely. 
Atheroma.  (See  further  on,  under  Insufficiency  of  the  Aortic  Valve.) 
It  is  also  stated  by  Roy  and  Adami  that  overstrain  of  the  heart,  by 
acting  mechanically  on  the  valvular  structures,  induces  oedema  and 
subsequent  thickening.  In  the  ordinary  rheumatic  variety  it  appears  as 
if  the  irritation  were  prolonged  in  a  less  intense  form,  and  the  changes 
in  the  valvular  structures  extend  beyond  the  localities  which  we  have 
seen  to  be  mainly  affected  in  acute  endocarditis. 

The  chronic  form  is  chiefly  characterized  by  new-formation  of 
connective  tissue.  The  granulation  tissue  of  the  acute  stage  develops 
into  connective  tissue,  and  the  process  extends  slowly  to  the  remaining 
structures  of  the  valves.  In  this  way  arise  great  thickenings  of  the 
va  ves  (J^ig.  322),  and,  as  the  connective  tissue  is  of  that  dense 
nature  common  in  chronic  inflammations,  the   thickened  valvular 
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structures  are  often  exceedingly  rigid.  The  new-formed  tissue  also 
contracts,  and  in  this  way  we  may  have  great  retractions  of  the 
valves  leading  to  serious  deformities  (see  Fig.  323),  as  we  shall  see  in 
studying  valvular  diseases.  Again,  it  frequently  happens  that  two 
opposed  inflamed  surfaces  coalesce,  and  we  may  have  still  further 
deformity  from  this,  as  in  Figs.  324,  325,  A  and  B.  We  have  already 
seen  that  the  inflammation  may  extend  from  the  endocardium  to  the 
muscular  substance,  leading  to  cicatricial  transformation  of  it. 


Fig.  323.— Thickeulng  aud  .shorteuiiig  of  the  cusps  of  the  aortic  valve,  the  result  of 
chronic  endocarditis.    There  was  marked  incompetency. 

In  the  great  majority  of  cases,  the  endocarditis  is  limited  to,  or  has 
its  centre  in,  the  valvular  structures,  but  it  sometimes  happens  that  m 
other  parts  of  the  heart  an  apparently  independent  endocarditis  is  set 
up.  This  may  be  along  with  valvular  endocarditis,  but  separated  from 
it  by  sound  tissue,  or  it  may  be  without  any  valvular  lesion.  We  may 
find  an  isolated  patch  of  thickening  on  the  surface  of  the  left  ventricle, 
and  we  have  already  seen  that  the  disease  may  penetrate  into  the 
muscular  substance. 

The  thickened  and  rigid  connective  tissue  frequently  becomes  the 
seat  of  secondary  changes.  Fatty  degeneration  may  occur.  But  this 
is  much  less  frequent  than  Calcareous  impregnation,  which  may  be 
taken  as  evidence  that  the  hard,  dense,  cicatricial  connective  tissue  has, 
to  a  great  extent,  lost  its  vitality.  This  condition  is  so  frequent  that 
it  may  be  regarded  as  a  normal  occurrence  in  chronic  endocarditis. 
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It  sometimes  occurs  with  a  very  moderate  degree  of  thickening, 
especially  in  aflFections  of  the  aortic  valve  already  referred  to  as  con- 
nected yvith  atheroma,  and  its  extent  and  the  date  of  its  occurrence  are 


Fig.  324.— Coalescence  of  the  cii.sps  of  the  mitral  valve,  the  result  of  chronic 
endocarditis. 

doubtless  determined  by  individual  peculiarities.  It  may  occur  in  the 
form  of  a  moderate  calcification  in  the  deeper  parts  of  the  thickened 


Fig.  325  a.  -Greatly  de- 
formed aortic  valve  seen 
from  the  aorta.  The  greater 
part  of  the  diaphragm  formed 
by  the  coalescence  of  the 
cusps  is  infiltrated  with  lime. 
The  appearance  is  similar  to 
what  is  met  with  in  con- 
genital cases.    Compare  Fig. 


Fig.  325  B.  — Another  greatly 
deformed  aortic  valve  seen 
from  the  ventricle.  The  cur- 
tains are  coalesced  into  a 
rigid  diaphragm.  One  rough 
surface  presents  calcareous 
matter. 


tissue,  or  the  lime  salts  may  be  deposited  in  a  more  bulky  form  [so  as 
to  give  the  feeling  of  considerable  stony  masses.  The  oecurrenceJIof 
calcareous  infiltration  is  often  of  serious  import.    The  valvular  struc- 
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tures  are  rendered  still  more  rigid,  and  there  enters  the  new  element 
of  brittleness.  The  calcified  portion  of  the  valve  is  exposed  very  often 
to  mechanical  violence  in  the  closure  of  the  valve,  and  it  is  common  to 
find  that  the  valve  has  been  broken,  as  in  Fig.  325  b,  and  a  piece  of 
calcareous  matter  carried  off.  So  far  as  the  valve  is  concerned,  this  is 
not  very  serious,  but  as  the  piece  carried  off  is  usually  of  some  size,  the 
resulting  Embolism  is  frequently  of  great  consequence.  Embolism  of 
the  cerebral  arteries  leading  to  extensive  softening  is  more  frequent  in 
chronic  than  in  acute  endocarditis,  and  probably  the  same  applies  to 
aneurysms  of  the  larger  cerebral  arteries,  which,  as  we  shall  afterwards 
see,  may  have  their  origin  in  embolism.  Embolism  of  the  spleen  and 
kidneys  is  also  a  frequent  result.  The  rough  surface  left  by  the 
breaking-ofi"  of  the  calcareous  piece  becomes  coated  with  fibrine, 
and  the  fibrine  may,  by  becoming  detached,  form  a  fresh  source  of 
embolism. 

It  is  necessary  carefully  to  distinguish  from  chronic  endocarditis  the 
formation  of  Opaque  patches  on  the  valves  with  very  little  thickening. 
These  are  due  to  fatty  degeneration  .and  are  mentioned  at  p.  500. 

(c)  Ulcerative  endocarditis  (also  called  Malignant  and  Infective  endo- 
carditis). The  special  features  in  this  disease  are  the  acti'vdty  of  the 
destructive  process  in  the  heart,  its  connection  with  the  existence  of 
large  numbers  of  microbes,  and  the  virulence  of  the  metastatic  pro- 
cesses when  emboli  are  carried  to  distant  parts. 

Causation. — The  disease  is  due  to  the  implantation  of  pathogenic 
microbes  on  the  endocardium.  Pyogenic  micrococci  constitute  the  chief 
form  of  microbe  met  with,  but  the  source  of  these  is  sometimes  obscure. 
The  disease  has  been  observed  to  occur  in  the  course  of  a  number  of  acute 
febrile  affections.  It  is  met  with  in  pyaemia,  puerperal  fever,  acute 
rheumatism,  small-pox,  etc.,  and  Osier  has  pointed  out  that  in  a  large 
proportion  of  cases  acute  pneumonia  has  been  the  primary  disease. 
There  are,  however,  cases  in  which  no  definite  connection  with  any 
other  disease  can  be  traced.  In  the  case  of  pyaemia  and  puerperal 
fever  the  source  of  the  microbes  is  not  far  to  seek,  but  in  the  other 
cases  it  is  more  difficult  to  discover.  It  seems  probable,  from  the 
results  of  experiments  on  animals,  that  some  previous  damage  to 
the  endocardium  must  be  inferred  before  ulcerative  endocarditis  can 
occur.  This  damage  may  be  the  result  of  a  simple  endocarditis,  and 
the  way  being  thus  opened,  the  microbes  may  find  entrance. 

The  micrococci  from  cases  of  ulcerative  endocarditis  should  always  be  culti- 
vated on  nutrient  media  in  order  to  determine  their  characters.  They  are  found  to 
possess  usually  the  characters  of  the  micrococci  of  suppuration.  The  Staphylococcus 
pyogenes  aureus  and  albus,  the  Streptococcus  pyogenes,  as  well  as  the  Diplococcus, 
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are  found  most  frequently,  but  other  forms  have  been  identified,  as  for  example 
gonococcus,  bacillus  coli  communis,  etc. 

Experiments  have  been  made  by  injecting  cultures  of  these  microbes  into  the 
blood  of  rabbits.  It  has  been  found  that  as  a  rule  their  simple  presence  in  the 
blood  is  not  sufficient  to  cause  ulcerative  endocarditis,  but  that  when  the  valves  are 
at  the  same  time  injured  then  this  aSection  supervenes  (Orth  and  Wissokowitsch). 
On  the  other  hand,  it  was  found  by  Eibbert  that,  when  an  emulsion  was  made  of  a 
culture  of  these  microbes  on  potatoes,  the  injection  of  the  emulsion  was  followed 
by  ulcerative  endocarditis.  Apparently  small  particles  of  potato  adhered  to  the 
endocardium  and  planted  the  microbes. 

Characters  of  lesion. — In  its  local  manifestations  this  form  presents 
some  resemblance  to  simple  acute  endocarditis.    The  disease  affects, 


Fig.  320.— Ulcerative  endocarditis  affecting  tlie  aortic  aud  mitral  valves. 

usually,  the  valvular  structures,  and  produces  ''an  enlargement  and 
roughening  of  them.  But  there  is  not  the  same  localization  along  the 
lines  of  contact,  the  process  generally  developing  in  a  defined  area, 
sometimes  removed  from  the  valve.  Again,  the  disease,  as  the  name 
implies,  is  a  much  more  destructive  one,  the  parts  concerned  breaking 
down  more  readily  (see  Fig.  326).  In  this  way  perforation  or  aneurysi^ 
of  the  valve  more  readily  occurs  (see  Figs.  319  and  320).  Some- 
times an  actual  suppuration  manifests  itself  in  the  valvular  structures 
but  the  frequent  passage  of  the  blood  prevents  any  considerable 
accumulation  of  pus.  The  ulceration  sometimes  passes  to  the  muscular 
wall  0  the  heart,  especially  when  the  patch  of  ulceration  is  away  from 
cne  valves,  and  in  this  case  the  destructive  process  spreads  rapidly  in 
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the  myooardium,  and  a  distinct  abscess  may  be  the  result,  la  this 
way  also  an  acute  aneurysm  of  the  heart  may  supervene.  In  the 
case  of  ulcerative  endocarditis  of  the  aortic  valve  extension  through  the 
pars  membranacea  to  the  right  side  of  the  heart  is  common.  (Fig.  327.) 

In  their  more  intimate  characters,  also,  the  conditions  in  ulcerative 
endocarditis  differ  from  those  in  the  ordinary  simple  form  mainly  in 


FIk  327  -Ulcerative  endocarditis  of  aortic  valve.  lu  the  middle  there  is  a  largo 
ruTJtured  aueurysm  and  bulky  vegetations  surround  this.  There  is  au  extension 
to  the  riffht  side  of  the  heart  through  the  pars  membi-auacea  (thi-ough  which  a  glass 
rod  has  been  passed).    To  the  left  a  typical  ruptured  valvular  aneurysm  may  be  seen. 


degree.  As  the  accompanying  figure  shows  (Fig.  328),  there  is  a  very 
marked  infiltration  of  the  valvular  structures  with  round  cells,  almost 
a  suppurative  condition.  This  is  immediately  overlaid  by  a  fibrinous 
coagulum,  as  in  the  case  of  simple  endocarditis,  but  mixed  with  the 
fibrine  there  are  colonies  of  micrococci  which  give  quite  a  striking 
character  to  the  layer.  This  is  more  manifest  in  Fig.  329.  The 
appearances  in  distant  parts  are  evidence  that  portions  are  fre- 
quently carried  off  from  the  valves,  and  looking  to  the  soft  character 
of  the  superficial  parts  we  are  not  surprised  at  the  occin-rcnce  of 
Multiple  embolism. 
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Perhaps  the  most  striking  feature  in  this  disease  is  the  occurrence  of 
Metastatic  abscesses  in  distant  parts.  These  are  found  in  the  heart 
itself,  in  the  spleen,  in  the  kidneys  (see  Fig.  206,  p.  374),  in  the  skin, 
etc.     They  are   everywhere  of  small    size,  and  usually  in 


large 


Fig.  32S. — Portiuii  of  a,  valve  in  ulcerative  endocarditis,  a,  Fibrine  with  colonies 
of  micrococci ;  the  colonies  are  indicated  by  the  roundish  clumps  ;  Ij,  endocardiimi 
becoming  raised  by  inflammatory  infiltration ;  c,  clastic  layer  of  endocardium  ;  e, 
round  cells  infiltrating  endocardium,  at  passing  into  the  superficial  layer  of 
fibriue.    x  21'. 


I.  '  ,. 

of^stlnhvtTocornvo*!™  ''"^•'V?''''"'"/  Vegetation  from  below  aortic  valve.  Groups 
endoSum  at  th^  iZ"  f A'"^"'"'-  evidence  of  organization  from  the 

uui-araium  at  the  lower  part  of  the  specimen,    x  fiO. 
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numbers.  These  abscesses  are  obviously  related  to  emboli  carried  off 
from  the  endocardial  lesion,  and  lodged  in  the  finer  arteries  or 
capillaries.  The  accompanying  figure  (Fig.  330)  represents  a  small 
artery  in  the  midst  of  an  incipient  abscess  in  the  kidney.    It  is  seen 


Fig.  330.— From  the  kidney  in  ulcerative  endocarditis.  An  artery  is  shown, 
plugged  with  dark  material  containing  micrococci.  Ai-ound  these  are  myriads  of 
leucocytes  which  are  infiltrating  the  necrosed  wall  of  the  vessel  and  the  kidney  tissue 
around,    x  00. 

that  its  calibre  is  plugged  by  a  material  in  which  are  masses  of 
micrococci.  At  the  distal  part  the  wall  of  the  artery  is  obscure, 
apparently  from  necrosis,  and  the  vessel  is  bm-ied  in  an  enormous 
aggregation  of  leucocytes.  The  micrococci  are  frequent  in  the 
capillaries  and  Malpighian  tufts,  but  not  generally  with  obvious 
inflammation  ;  apparently  they  are  in  that  case  of  recent  development, 
possibly  to  some  extent  post-mortem,  and  their  products  have  not  had 
time  to  produce  inflammation. 

We  have  seen  that  the  micrococci  have,  locally,  an  intensely 
irritating  action,  and  that  necrosis  of  the  tissue  attacked^  is  a 
common  result.     They  also  produce  changes  in  the  constitution  of 
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the  blood.  Patients  affected  with  this  disease  frequently  present, 
like  those  in  pyasmia,  a  yellow  colour  of  the  skin  approaching 
to  that  of  jaundice.  The  probable  explanation  of  this  is,  that  the 
blood-corpuscles  undergo  solution,  and  the  colouring  matter  stains  the 
skin.  Besides  that,  we  often  have  little  ecchymoses  of  the  skin,  and 
small  Haemorrhages  in  the  pia  mater,  and  even  in  the  brain  substance. 
These  have  been  found  associated  with  the  presence  of  colonies  of 
micrococci  in  the  capillaries,  and  are  to  be  ascribed  to  the  action  of 
these  in  weakening  the  wall,  and  allowing  the  escape  of  blood. 

3.  Pericarditis. — The  pericardium  in  its  anatomical  and  pathological 
relations  corresponds  with  the  other  serous  sacs,  and,  to  a  certain  extent, 
with  the  synovial  cavities.  The  pleura,  peritoneum,  and  pericardium  are 
to  be  regarded,  as  we  previously  found  in  studying  oedema  and  dropsy, 
as  large  lymphatic  spaces.  These  sacs  are  composed  of  connective 
tissue,  and  are  lined  with  a  single  layer  of  flat  endothelium.  By  means 
of  numerous  stomata  they  are  in  communication  with  the  lymphatic 
vessels,  and  to  some  extent  with  one  another.  The  pericardium  is  in 
less  direct  communication  with  the  pleura  and  peritoneum  than  these 
are  with  each  other,  but  by  circuitous  routes  there  is  some  communica- 
tion, especially  with  the  pleura.  It  is  to  be  remembered  also  that 
through  each  serous  cavity  there  is  a  certain  circulation  of  serous  fluid. 
This  fluid  does  not  accumulate  in  the  sac,  because  it  is  carried  off  as 
quickly  as  it  is  transuded  from  the  vessels,  but  if  the  transudation 
increase  greatly  there  may  be  ah  accumulation  and  consequent 
dropsy. 

(a)  Acute  pericarditis.— In  considering  the  Causes  of  this  disease  it 
is  of  some  consequence  to  note  that  the  inflammation  usually  affects  the 
whole  surface  at  once.  This  seems  to  indicate  that  an  irritant  has 
found  admission  to  the  pericardial  sac,  and  by  the  motion  of  the  heart 
and  the  natural  currents  of  the  fluid  in  the  sac,  has  been  carried  hither 
and  thither  throughout  it.  There  are  many  cases  in  which  the  tubercle 
bacillus  is  the  irritant ;  we  find  tubercles  in  the  inflamed  tissue  of  the 
pericardium.  (See  afterwards  under  Tubercular  Pericarditis.)  The 
majority  of  cases  of  simple  pericarditis  is  associated  with  acute  rheu- 
matism. There  are  some  cases  in  which  the  disease  appears  to  be  of 
spontaneous  origin;  it  is  ascribed  to  cold.  Bright's  disease  in  its 
various  forms  strongly  predisposes  to  inflammations  of  the  serous 
membranes,  especially  the  pericardium  and  pleura. 

In  regard  to  the  Phenomena  which  manifest  themselves  at  the  onset 
of  an  acute  pericarditis,  we  may  presume  that  the  irritant  induces  the 
cnanges  m  the  vessels  which  have  been  described  in  treating  of  inflam- 
mation in  general,  but  opportunities  are  wanting  for  observing  the 
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consequent  redness  as  patients  survive  this  early  stage.  Exudation 
from  the  vessels  soon  follows,  and  serous  fluid  begins  to  accumulate  in 
the  sac.  As  the  inflammation  aff'ects  the  surface  of  the  sac,  the  endo- 
thelial lining  is  very  directly  involved.  The  flat  endothelial  cells  are 
to  a  considerable  extent  shed,  being  apparently  killed  by  the  irritant, 
but  they  may  also  be  found  shoviring  signs  of  prolifieration.  The  exuda- 
tion consists  primarily  of  exuded  liquor  sanguinis  with  contractile  cells, 


Fig.  331.-Acute  iiericarditis.    The  oatu-e  surface  is  covered  with  a  thick  shaggy 
layer  of  fibrine. 

but  soon  Fibrine  is  deposited  on  the  inflamed  surface.  (Sec  Figs.  331, 
332,  and  Fig.  32,  p.  118.)  The  detachment  of  the  endothelium  seems 
to  be  the  circumstance  which  determines  the  coagulation,  on  principles 
already  explained.  The  deposition  of  fibrine  occurs  on  both  visceral  and 
parietal  layers  of  the  sac,  but  it  is  usually  thickest  on  the  viscera  sur- 
face, where  it  may  present  shaggy  masses  on  the  surface  of  the  heart 
^see  Fig  331).  It  is  whitish  in  appearance,  and  of  soft,  almost  gelatin- 
ous consistence.  The  fibrinous  layers  on  the  opposed  surfaces  of  the 
pericardium  are  usually  separated  by  serous  fluid  which  occup  es  the 
r  but  an  appearance  is  often  presented  which  suggests  the  application 


ACUTE  PERICARDITIS. 


527 


iind  withdrawal  of  the  layers  while  still  in  a  soft  plastic  condition. 
This  appearance  is  variously  described  as  the  Honeycomb  or  Pine-apple 
condition,  and  it  has  been  aptly  compared  to  that  presented  when  two 
l^ieces  of  bread,  thickly  buttered,  are  stuck  loosely  together  and  then 
separated  (see  Fig.  332).  This  honeycomb  appearance,  it  will  be 
understood,  is  most  markedly  present  on  those  parts  of  the  pericardium 
where  the  heart  in  its  movement  comes  most  frequently  against  the 
parietes.  In  some  cases  the  exudation  has  a  distinctly  hsemorrhagic 
character  (Fig.  333). 


Pig.  332.— Acute  pericarditis.    The  surface  of  both  visceral  and  parietal  layers  of 
the  pericardium  is  coated  with  fibriiie. 

The  exuded  fibrine  has  the  usual  characters,  as  seen  under  the 
microscope  forming  a  reticulum  in  the  meshes  of  which  are  leucocytes 
and  sometimes  red  corpuscles. 

If  the  inflammation  has  been  slight  and  transient,  there  may  be  little 
beyond  a  small  serous  and  fibrinous  exudation,  which  is  gradually 
absorbed.  But  as  a  general  rule  further  changes  develop,  and  these  are 
mainly  in  the  connective  tissue  of  the  pericardial  sac.  This  shows 
evidence  of  inflammation  by  the  presence  of  innumerable  cells,  so  that 
by  degrees  it  is  converted  into  Granulation  tissue.  This  inflammatory 
transformation,  according  to  the  intensity  of  the  irritation,  penetrates 
deeply,  extending  frequently  to  the  interstitial  connective  tissue  in  the 
muscular  substance  of  the  heart.     A  layer  of  vascular  granulations 
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thus  forms  beneath  the  fibrinous  exudation.  The  layer  of  granulations 
has  the  general  tendencies  as  well  as  the  structure  of  granulation  tissue 
elsewhere  ;  it  tends  to  develop  into  connective  tissue  as  soon  as  the  in- 
flammatory irritation  becomes  sufficiently  mild.  With  the  subsidence 
of  the  inflammation  there  is  a  reduction  of  the  serous  exudation.  The 
fibrin e  is  also  disposed  of,  partly  undergoing  fatty  degeneration  and  so 


Fig.  333. — Htemon-bagic  pericarditis.    The  jjosterior  surface  of  tlie  heart  is  shown. 

becoming  absorbed,  and  partly  eaten  into  from  beneath  by  the 
o-ranulation  tissue.  The  result  of  this  is  that  the  granulations  are, 
as  it  were,  laid  bare,  and  a  vascular  layer  occupies  the  place  of  the 
former  fibrinous  deposit. 

With  the  absorption  of  the  exudation  the  two  layers  of  the  pericar- 
dium come  in  contact,  and  a  coalescence  of  the  granulating  surfaces, 
more  or  less  complete,  occurs  (Fig.  334).  The  vessels  intercommuni- 
cate, and  the  two  layers,  so  far  as  they  are  in  contact,  become  virtually 
one.  As  the  granulation  tissue  passes  on  in  its  development  into 
connective  tissue,  the  Pericardial  sac  undergoes  partial  or  complete 
obliteration,  the  uniting  agent  being  vascular  connective  tissue,  and 
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so  we  have  the  condition  of  Adherent  pericardium.  The  connection 
is  at  first  delicate,  and  may  be  torn  through,  but  as  time  goes  on  it 
becomes  firmer,  and  a  condition  results  in  which  the  two  layers  are 
absolutely  inseparable.  Under  certain  circumstances  the  coalescence 
of  the  two  layers  is  not  complete;  there  is  only  a  partial  adhesion. 
In  that  case  the  adhesions  are  sometimes  greatly  stretched  by  the 
movements  of  the  heart,  so  that  tags  or  ligaments  may  unite  the 
visceral  to  the  parietal  layer. 

In  some  intense  and  prolonged  cases  of  acute  pericarditis.  Suppura- 
tion occurs,  and  the  serous  exudation  in  the  pericardium  gives  place  to 


Fig  334.— Pericarditis  with  adhesion.    The  bond  of  union  between  the  visceral  and 
parietal  pericardium  is  shown.    Organization  is  in  progress,    x  17. 

pus.  This,  however,  is  a  rare  occurrence.  On  the  subsidence  of  the 
inflammation  the  pus  dries  in  by  the  absorption  of  its  fluid,  and  its 
debris  remains  as  dead  matter,  which  subsequently  often  becomes 
infiltrated  with  lime  salts;  this  may  ultimately  become  consolidated 
so  as  to  form  calcareous  plates  in  the  midst  of  thick  adhesions  (see 
p.  500).  ,  ^ 

Septic  inflammations,  such  as  those  which  occur  in  pyemia  when 
an  abscess  in  the  substance  of  the  heart  extends  to  the  surface  and 
bursts  mto  the  pericardium  or  gives  off  septic  microbes,  or  in  the  rarer 

re  ltr  ""^''^  oesophagus  into  thc 

pencardmm,  are  purulent  from  the  outset. 
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Adherent  pericardium  usually  leads  to  Hypertrophy  and  Dilata- 
tion of  the  heart.  It  does  so  both  directly  by  interfering  with  the 
muscle,  and  indirectly  by  requiring  the  heart  to  use  increased 
exertion  in  performing  its  task. 

It  should  not  be  forgotten  that  adhesion  of  the  pericardium  takes  origin  in  inflam- 
mation, and  from  this  circumstance  it  results  that  in  several  ways  the  action  of  the 
heart  is  interfered  with.  During  the  acute  stage  of  the  inflammation  there  is  fluid 
in  the  sac  of  the  pericardium,  and  by  the  mere  mechanical  pressure  of  this  fluid 
the  cardiac  contractions  are  interfered  with,  and  if  the  effusion  continue  long  enough 
there  may  be  hypertrophy  to  overcome  the  obstacle.  Again,  the  inflammation 
extends  a  certain  distance  into  the  muscular  wall  of  the  heart  beneath  the  peri- 
cardium. A  certain  portion  of  muscle  is  thus  interfered  with  in  its  action,  and 
more  vigorous  contraction  is  required  of  the  rest.  There  may  even  be  considerable 
thickening  of  the  pericardium  by  development  of  connective  tissue,  which 
often  extends  some  distance  between  the  muscular  fibres  and  may  seriously 
compromise  them.  But  further,  when  adhesion  is  complete,  the  heart  in 
contracting  must  drag  in  with  it  the  parietal  as  well  as  the  visceral  pericardium. 
In  the  normal  state  the  two  surfaces  of  the  pericardium  glide  on  one  another,  and 
the  parietal  layer  accommodates  itself  to  the  movements  of  the  heart.  If  there  is 
adhesion,  however,  unless  the  adhesion  be  very  loose,  there  can  be  no  such  gliding, 
and  there  must  be  some  loss  of  force  in  dragging  the  parietal  layer  inwards.  But 
the  parietal  layer  is  normally  attached  to  the  under  surface  of  the  sternum  and  to 
other  structures  around,  and  the  attachment  may  be  rendered  closer  by  the  inflam- 
mation. The  heart  will  drag  on  these  parts  in  contracting,  and  this  will  greatly 
add  to  its  work.  It  is  well  known  that  dragging  in  of  the  intercostal  spaces  is  a 
common  sign  of  adherent  pericardium.  As  these  causes  vary  to  a  considerable 
extent,  the  amount  of  hypertrophy  varies  in  proportion.  As  the  causes  also  act 
nearly  uniformly  on  the  heart,  the  hypertrophy  is  general,  that  is,  it  usually  affects 
all  the  cavities  of  the  heart.  Such  a  hypertrophy  may  almost  completely  com- 
pensate, so  that  a  person  with  adherent  pericardium  and  a  very  large  heart  may 
show  no  cardiac  symptoms. 

(b)  Chronic  pericarditis. — As  observed  above,  acute  pericarditis  often 
becomes  chronic,  and,  in  that  case,  usually  results  in  adhesion  of  the 
pericardium.  A  more  localised  chronic  inflammation  results  in  the  con- 
dition designated  White  spots,  Milk  spots,  or  Soldier's  spots,  which 
are  very  common  pathological  conditions.  They  occur  in  about  half 
the  cases  examined  post-mortem,  and  their  frequency  seems  nearly 
in  direct  proportion  to  age.  They  are  in  the  form  of  well-defined, 
whitish,  opaque  areas  on  the  surface  of  the  heart,  of  very  various 
size,  sometimes  very  small,  at  other  times  so  large  as  almost  to  cover 
the  anterior  surface.  Their  edges  are  usually  abrupt  and  well  defined, 
but  they  may  merge  gradually  into  normal  pericardium.  They  have 
often  a  brilliant  white  tendinous  appearance,  but  may  be  more  dull. 
They  arc  most  frequently  situated  on  the  anterior  surface  of  the  right 
ventricle,  and  next  on  that  of  the  left  ventricle,  especially  hear  the 
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They  are  also  met  with  on  the  posterior  surface,  especially  near 


Fig.  335. — Soldier's  spot  ou  iJerioardium.    X  40. 


the  base  of  the  heart,  and  on  the  intrapericardial,  portions  of  the  great 
vessels.    They  are  less  common  on  the  parietal  layer  of  the  sac. 

These  spots  actually  consist  in  a  thick- 
ening of  the  pericardium,  presenting  merely 
dense  connective  tissue  covered  with  endo- 
thelium (see  Fig.  335). 

We  have  here  a  circumscribed  inflam- 
mation affecting  by  preference  certain  dis- 
tricts, and  the  cause  must  be  a  local  one. 
It  seems  to  be  due  to  the  irritation  resulting; 
from  the  projection  of  the  heart  against 
its  surroundings.  The  commonest  seat  is 
where  the  anterior  surface  of  the  right 
ventricle  comes  against  the  sternum  at  the 
place  where  the  edges  of  the  lungs  turn 
aside  and  expose  the  pericardium.  The 
sternum  is  less  yielding  than  most  sur- 
rounding parts,  and  so  the  irritation  here 
is  greater.  The  spot  where  the  left  ven- 
tricle near  the  apex  strikes  against  the  fifth 
nb  is  the  next  most  frequent  site.  Here 
the  patch  may  be  considerably  raised  above 
the  general  surface.  Occasionally  it  assumes 
a  rosette  form  (see  Fig.  336). 


Fig.  33(5.— Chronic  pericarditis. 
Arosette-likethickeningis  sliown 
at  the  apox  of  the  left  ventricle. 
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VII.— VALVULAR  DISEASE  OF  THE  HEART. 

In  studying  endocarditis  we  have  seen  that  the  valves  are  frequently- 
altered  in  their  structure ;  we  have  now  to  consider  these  alterations 
more  specifically,  and  their  effects  on  the  heart  and  circulation.  It  is 
not  usual  to  designate  anything  as  valvular  disease  unless  it  interferes 
with  the  function  of  a  valve  or  orifice.  The  function  of  a  valve  is  to 
close  an  orifice  under  certain  circumstances,  and  we  speak  of  valvular 
disease  when  the  alterations  are  such  as  either  to  obstruct  the  orifice  or 
to  interfere  with  its  closure  by  the  valve.  Hence  valvular  lesions  may 
be  divided  into  two  kinds,  namely,  narrowing  or  stenosis  of  the  orifice, 
and  insufficiency  of  the  valve.  In  referring  to  these  same  lesions,  as 
they  affect  the  current  of  blood  in  the  heart,  we  speak  of  obstruction 
of  an  orifice  and  of  regurgitation  through  the  orifice. 

Valvular  disease  occurs  much  more  frequently  in  the  valves  of  the 
left  side  than  in  those  of  the  right,  and  hence  we  have  chiefly  to  do 
with  the  mitral  and  aortic  valves.  We  have  already  seen  that  in  the 
foetus  it  is  the  valves  of  the  right  side  which  are  most  frequently 
affected,  and  we  have  connected  this  with  the  fact  that  these  valves  are 
more  liable  to  variations  of  pressure  in  the  foetus  than  in  the  adult. 

1.  Insufficiency  or  Incompetency  of  the  mitral  valve. — This  is  a  condition  in 
■which,  during  the  systole  of  the  heart,  some  portion  of  the  blood  passes  back  into 
the  left  auricle  instead  of  the  whole  being  forced  into  the  aorta. 

The  actual  physical  conditions  are  somewhat  various,  but  most  of  them  are 
related  to  chronic  endocarditis.  The  commonest  is  that  in  which  the  valvular 
structures  are  thickened  by  the  new-formed  connective  tissue  and  retracted  and 
shortened  from  its  contraction.  This  appHes  to  the  curtains  themselves,  but  still 
more  to  the  chordse  tendinefe,  which  become  thickened  and  shortened,  and  frequently 
grow  together,  so  that  they  hold  the  curtains  rigidly  drawn  down  and  do  not  allow 
them  to  go  together  dm-ing  the  systole  of  the  ventricle  (see  Figs.  322  and  324,  pp.  517, 
519) .  Again ,  irregularities  of  the  borders  may  lead  to  imperfect  apposition  of  the  edges 
and  a  certain  amount  of  insufficiency.  This,  however,  although  it  may  lead  to  a 
loud  murmur  during  life,  can  scarcely  produce  a  serious  functional  disturbance.  On 
the  other  hand,  but  more  rarely,  in  acute  endocarditis  the  valve  may  be  perforated  ^ 
as  in  the  case  of  valvular  aneurysm,  or  the  chordas  tendinea)  torn  so  as  to  allow  a 
portion  of  the  valve  to  flap  upwards  through  the  orifice.  Lastly,  without  much 
alteration  of  the  curtains,  there  may  be  a  relative  insufficiency  of  the  valve.  That 
is  to  say,  the  cavity  of  the  ventricle  sometimes  enlarges  greatly,  and  produces 
enlargement  of  the  orifice,  which  the  valve  is  no  longer  able  to  cover.  There  are 
some  cases  of  permanent  hypertrophy  and  dilatation  of  the  left  ventricle  (as  from 
overstrain)  where  this  occurs,  but  it  may  be  met  with  where  the  dilatation  is 
temporary,  as  in  the  flabby  fatty  heart  of  typhus  fever  and  anmrnia.   It  is  not  to  be 


supposed  that  the  so-called  anromic  murmurs  are  usually  due  to  this  cause,  bul 
there  is  in  some  cases  of  anaemia  an  actual  mitral  regurgitation.  When  recovery 
occurs,  and  the  heart  resumes  its  former  vigour,  the  valve  will  again  cover  the 


orifice. 
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The  results  which  follow  constant  insufficiency  of  the  mitral  valve  are  frequently 
very  serious  and  far-reaching.  At  each  ventricular  systole  blood  regurgitates  into 
the  left  auricle,  and  the  most  direct  result  is  over-distension  of  this  auricle 
occurring  at  successive  intervals.  The  auricle  does  not  usually  suffer  great  enlarge- 
ment from  this  cause.  There  is  another  result  which  often  follows,  apparently 
from  the  unduly  forcible  impact  of  the  blood  against  the  endocardium,  and  the 
overstretching  of  this  membrane,  namely,  a  thickening  of  the  endocardium.  We 
may  find  it  generally  thickened  and  opaque,  or  there  may  be  patches  of  opacity. 

But  the  results  do  not  confine  themselves  to  the  auricle— the  abnormal  blood- 
pressure  is  reflected  to  the  Pulmonary  veins  which  feed  the  auricle,  and  they 
become  distended.  The  distension  is  further  reflected  to  the  pulmonary  capil- 
laries and  arteries,  and  finally  to  the  right  ventricle.  The  right  ventricle 
in  turn  becomes  over-distended,  and,  as  a  consequence.  Hypertrophy  of  the  right 
ventricle  occurs.  The  obstruction  to  the  circulation  may  then  extend  to  the  right 
auricle  and  finally  to  the  venas  eavffi.  In  this  way  General  venous  engorgement 
comes  about  with  all  the  consequences  which  will  be  described  in  the  next  section 
in  dealing  with  mitral  stenosis. 

The  amount  of  blood  which  the  left  ventricle  sends  into  the  aorta  will  be 
diminished  in  proportion  as  more  or  less  passes  back  into  the  auricle.  In  con- 
sequence, the  systemic  circulation  will  be  partially  starved.  In  some  cases  the  left 
ventricle  undergoes  hypertrophy.  This  is  mainly  due  to  the  fact  that  at  each 
diastole  it  will  receive  from  the  distended  auricle  an  excess  of  blood,  namely,  that 
which  arrives  from  the  pulmonary  veins  along  with  that  which  regurgitates 
from  the  ventricle.  The  ventricle  having  thus  to  deal  with  an  increased  mass  of 
blood  undergoes  dilatation  and  hj-pertrophy. 

2.  Obstruction  of  the  mitral  orifice.  Mitral  stenosis. — This  name  is  applied  to 
the  condition  in  which  the  mitral  orifice 
is  not  large  enough  to  allow  of  the  usual 
quantity  of  blood  passing  from  the  auricle 
to  the  ventricle.  The  normal  width  of 
the  mitral  orifice  may  be  roughly  estimated 
with  the  fingers;  in  the  adult  it  should 
allow  the  index  and  middle  fingers  to  pass 
freely  through  as  far  as  the  first  joint. 
The  contraction  may  be  very  slight  or  it 
may  be  so  marked  that  hardly  a  crow- 
quill  will  pass  through  the  orifice.  In 
the  case  of  stenosis  of  the  mitral  orifice, 
as  well  as  in  that  of  the  aortic  orifice, 
the  obstruction  is  usually  caused  by  the 
curtains  of  the  valves  becoming  thick- 
ened and  rigid,  but  especially  by  their 
coalescence.  The  thickened  curtains 
grow  together  by  their  edges,  and  so  the 
valve  is  converted  into  a  funnel  with  its 
apex  turned  down  into  the  ventricle— the 
so-called  Funnel-shaped  deformity.    The  normal  orifice 


Fig.  337.— Diagram  of  funnel-shaped  de- 
formity of  mitral  valve.  The  dotted  lines 
indicate  the  coalesced  curtains  forming  a 
funnel  projecting  into  the  ventricle  with  a 
reduced  aperture  at  the  apex. 


IS 


pnrt  •     1,  +    u  ■  "  *"  ha,Be  of  the 

curtains  but  when  the  curtains  coalesce,  the  orifice,  while  becoming  contracted,  is 
moved  downwards  and  comes  to  have  its  site  at  the  apex  of  the  funnel.    This  will 
unaerstood  from  the  accompanying  diagram  (Fig.  337),  in  which  black  lines 
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represent  the  orifice  and  curtains  in  their  normal  condition  during  the  diastole  of 
the  ventricle,  the  curtains  lying  back  against  the  wall  of  the  ventricle,  and  the 
orifice  at  their  base.  The  dotted  lines  represent  the  coalesced  funnel-shaped  valve, 
the  contraction  of  the  orifice  and  its  removal  downwards  being  shown.  The  chorda; 
tendinesB  are  commonly  thickened,  and  often  partly  incorporated  in  the  funnel 
(see  Figs.  322  and  324,  pp.  517,  519).  On  laying  open  the  ventricle  this  thick,  rigid, 
funnel-shaped  deformity  is  often  strikingly  prominent.  These  conditions  result  from 
chronic  endocarditis,  and  it  will  be  readily  understood  that  the  rigid  valve  is 
frequently  incompetent,  so  that  this  condition  is  often  combined  with  the  one 
before  mentioned.    There  are  also,  not  infrequently,  changes  in  the  aortic  valve. 

Obstruction  is  occasionally  produced  by  thrombi  growing  on  the  valve,  or  having 
their  seat  in  the  auricle  and  projecting  into  the  orifice.  This  is  a  rare  cause  of 
obstruction ,  and  a  still  rarer  is  the  presence  of  tumours  growing  in  such  a  way  as  to 
obstruct  the  orifice. 

It  might  be  supposed  that  the  vegetations  occurring  in  acute  endocarditis  would 
obstruct  the  orifice,  but  although  these  rough  projections  undoubtedly  interrupt  the 
even  flow  of  blood,  and  may  produce  during  life  a  murmur  of  mitral  obstruction, 
yet  their  actual  influence  on  the  function  of  the  orifice  must  be  very  slight,  and  we 
need  not  look  for  any  definite  evidences  of  their  influence  on  the  circulation. 

We  have  now  to  consider  the  effects  on  the  circulation  of  mitral  obstruction. 
The  most  direct  effect  will  be  dilatation  of  the  left  auricle,  as  the  blood  is  to  a 
certain  extent  hindered  in  its  passage  into  the  ventricle.  As  a  consequence,  the 
whole  of  the  pulmonary  vessels  will  be  loaded  and  the  right  ventricle  distended  with 
the  accumulated  blood.  On  the  principles  already  laid  down  there  will  be  increased 
action  and  consequent  Hypertrophy  of  the  right  ventricle,  and  this  is  commonly 
more  extreme  than  in  mitral  insufficiency.  The  contraction  of  the  orifice  interferes 
with  the  passage  of  blood  into  the  left  ventricle,  which,  in  extreme  cases,  is,  as  it 
were,  starved  of  blood.  The  increased  force  of  the  right  ventricle  may  in  great  part 
make  up  for  the  deficiency,  and  sometimes  there  is  also  aortic  insufiiciency,  so  that 
the  ventricle  is  fed  from  the  aorta  as  well.  According  to  these  various  circumstances 
will  be  the  state  of  the  left  ventricle.  It  may  be  actually  atrophied  and  appear  as 
a  small  appendage  to  the  enlarged  right  ventricle,  or  it  may  be  normal  in  size  or 
even  hypertrophied.  In  any  case  the  hypertrophy  of  the  right  ventricle  is  the 
predominating  condition.  The  shape  of  the  heart  is  more  quadrilateral,  the  apex 
is  blunt  and  formed  by  the  right  ventricle.  During  life  instead  of  the  defined  apex 
beat  of  the  left  ventricle,  there  is  the  more  diffuse  heaving  of  the  right. 

As  a  further  consequence,  we  have  a  permanent  Passive  hypersemia  of  the  pul- 
monary circulation,  with  consequent  brown  induration  of  the  lungs.  There  is  also 
a  tendency  to  slight  hsmorrhages,  the  blood  showing  itself  in  the  sputum.  The 
dilatation  of  the  right  ventricle,  when  followed  by  thrombosis  in  the  auricle 
or  ventricle,  also  frequently  leads  to  embolism  of  the  pulmonary  artery  and 
hffimorrhagic  infarction.  The  hypereemia  is  reflected  to  the  systemic  venous 
circulation,  especially  if  the  dilatation  of  the  right  ventricle  lead  to  relative  in- 
sufficiency of  the  tricuspid  valve,  and  we  find  evidences  of  passive  hyperremia  of  the 
liver  (nutmeg  liver),  kidneys,  and  other  organs.  Not  infrequently  serious  oedema  of 
the  skin  and  dropsy  of  the  serous  cavities  develop.  Thrombosis  in  the  veins  of  the 
legs  often  complicates  the  condition,  and  this  again  may  be  a  source  of  pulmonary 
embolism. 

3.  Insufflciency  of  the  aortic  valve.— This  is  the  condition  in  which,  after  the 
mpletion  of  the  ventricular  systole,  a  portion  of  the  blood  regurgitates  into  the 
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left  ventricle  through  the  imperfectly  closed  semilunar  valve.  It  is  usually  brought 
about  by  chronic  endocarditis.  The  individual  semilunar  folds  are  thickened  and 
shortened,  the  actual  length  of  free  margin  being  reduced.  The  consequence  is  that 
during  the  closure  of  the  valve,  the  edges  have  not  sufficient  length  to  meet  perfectly 
and  so  a  triangular  aperture  is  left.  This  is  illustrated  diagrammatically  in  the  accom- 
panying figure  (Fig.  338).  The  contraction  may  reach  such  an  extent  as  to  leave 
only  a  nodulation  on  the  wall  of  the  aorta  in  place  of  the  curtains.  These  changes 
are  very  commonly  accompanied  by  adhesion  of  the  adjacent  folds  of  the  curtains 
and  this  necessarily  causes  contraction  of  the  orifice;  indeed,  the  curtains  as  such 
may  disappear,  leaving  only  a  diaphragm  with  a  permanent  aperture  in  its  middle, 
the  condition  being  illustrated  in  Figs.  325b  and  325a,  p.  619.  An  unusual  cause  of 
aortic  insufficiency  is  Perforation  of  the  valve  as  a  result  of  acute  endocarditis  or  the 


Kg.  33S. — Diagram  of  aortic  insufficiency,  a,  The  normal  valve  closed  as  seen 
from  above  ;  b,  the  valve  with  curtains  shortened  and  leaving  a  triangular  space. 


bursting  of  a  valvular  aneurysm.  Of  course  the  perforation  of  the  curtains  beyond 
the  line  of  contact  already  referred  to  is  not  to  be  mistaken  for  a  pathological 
perforation.  A  rare  cause  of  aortic  insufficiency  is  the  Tearing'  of  one  of  the 
curtains.  During  severe  exertion  the  blood-pressure  in  the  aorta  may  be  so  much 
raised  as  to  rupture  a  curtain,  and  such  a  wound  does  not  tend  to  unite,  as  it 
will  be  torn  asunder  at  each  systole. 

It  may  be  added  here  that  aortic  disease  is  often  accompanied  by  mitral  disease, 
chronic  endocarditis,  having  its  origin  in  rheumatism,  usually  attacking  both. 
Chronic  endocarditis  of  the  aortic  valve  again  is  often  connected,  as  we  have 
seen,  with  endarteritis  or  atheroma  of  the  aorta,  and  in  that  case  it  is  not  so 
Ukely  to  be  associated  with  mitral  disease. 

It  may  be  noted  here  that  the  origin  of  endocarditis  has  an  important  bearing  in 
view  of  the  Age  at  -which  these  valvular  lesions  occur.  Acute  rheumatism 
is  a  disease  of  youth  and  manhood,  and  most  cases  of  valvular  disease  occur  at 
that  time  of  hfe.  Accordingly,  diseases  of  the  valves  are  most  common,  at  least  in 
their  inception,  between  the  ages  of  ten  and  thirty.  But  there  are  some  cases  of 
aortic  disease  which,  as  we  have  seen,  stand  in  a  different  category.  Chronic 
endarteritis  or  atheroma  is  a  disease  mostly  of  advanced  life,  and  so  it  is  more 
common  in  old  persons  to  meet  with  aortic  disease  than  with  mitral. 

We  have  now  to  consider  the  Effects  of  this  insufficiency  of  the  aortic  valve  on 
the  circulation.  As  the  semilunar  valve  does  not  close  completely,  the  aorta  in  its 
recoil  after  the  ventricular  systole  will  force  blood  back  into  the  ventricle  as  well  as 
forward  into  the  systemic  arteries.  This  extra  mass  of  blood  driven  with  con- 
siderable force  into  the  left  ventricle  will  overfill  it  and  forcibly  distend  it,  while  the 
systemic  circulation  will  be  proportionately  starved.  The  natural  result  is  DUata- 
tion  and  hypertrophy  of  the  left  ventricle,  the  latter  of  which  may  almost  com- 
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pletely  compensate.  In  this  disease,  therefore,  the  primary  and  prominent  fact 
is  the  enlargement  of  the  left  ventricle.  As  the  ventricle  propels  a  much  larger 
amount  of  blood  into  the  aorta,  and  with  abnormal  force,  there  is  sometimes  a 
resulting  Dilatation  of  the  arch  and  great  vessels.  In  this  way  there  may  be  pro- 
duced an  actual  aneurysm  of  the  arch. 

It  is  to  be  added,  that  as  hypertrophy  of  the  left  ventricle  is  associated  with 
dilatation  of  that  cavity,  there  is  frequently  a  consequent  widening  of  the  mitral 
orifice.  As  a  result  of  this,  we  may  have  a  relative  incompetency  of  the  mitral 
valve,  which  is  incapable  of  completely  covering  the  dilated  orifice.  In  this  way 
the  consequences  already  considered  of  Mitral  insufficiency  may  be  brought  about ; 
but  they  are  usually  much  less  pronounced  than  in  the  primary  form  of  this  lesion, 
and  of  late  occurrence.  It  is  to  be  remembered,  also,  that  mitral  disease  often 
eo-exists  with  aortic. 

4.  Obstruction  of  the  aortic  orifice.  Aortic  stenosis.— In  this  lesion  the  passage 
of  blood  from  the  left  ventricle  into  the  aorta  is  interfered  with.  It  is,  in  the 
great  majority  of  cases,  caused  by  chronic  endocarditis.  The  conditions  already 
described  as  leading  to  insufficiency  of  the  valve  mostly  produce  also  obstruction 
of  the  orifice,  by  causing  rigidity  of  the  curtains,  and  this  is  all  the  more  marked 
when  calcareous  infiltration  ensues.  Where  the  valve  is,  in  the  way  already 
mentioned,  converted  into  a  rigid  diaphragm,  then  there  must  be  great  obstruction 
of  the  orifice  as  well  as  insufiiciency  of  the  valve.  These  two  forms  of  lesion 
are,  therefore,  usually  found  associated.  In  acute  endocarditis  the  roughening  of 
the  curtains  may  to  some  extent  obstruct  the  flow  of  blood,  but  the  interference 
is  trivial,  and  will  hardly  lead  to  any  of  the  secondary  results  of  aortic  stenosis. 

The  obstruction  at  the  orifice  prevents  the  blood  getting  away  fully  during  the 
systole  of  the  ventricle,  and  there  comes  to  be  an  overfilling  of  the  ventricle. 
The  ventricle,  as  in  the  previous  case,  is  stimulated  to  increased  exertion,  and 
so  here  also  the  primary  phenomenon  is  Hypertrophy  of  the  left  ventricle.  This 
may  completely  compensate  for  the  obstruction,  and  persons  may  go  about  com- 
paratively well  with  an  obstructed  orifice  and  enlarged  left  ventricle.  But  this  is 
not  so  likely  as  in  the  previous  case,  and  any  need  for  extra  exertion  on  the  part  of 
the  heart,  or  weakness  of  its  muscles,  may  lead  to  incomplete  compensation.  In 
such  a  case  the  ventricle  will  get  abnormally  dilated,  and  the  auricle  will  not  be  able 
to  empty  itself  fully  into  the  dilated  ventricle.  The  Pulmonary  circulation  will 
become  engorged  and  the  Right  ventricle  overloaded,  and  so  we  may  have  all 
the  evil  consequences  of  mitral  disease.  The  left  ventricle  is  much  more  capable 
of  undertaking  additional  work  than  the  right,  it  therefore  succeeds  much  more 
frequently  in  bringing  about  a  complete  compensation.  The  hypertrophied  left 
ventricle  having  to  dispose  of  an  increased  mass  of  blood,  generally  does  so 
slowly,  and  the  pulse  is  consequently  slow  and  regular. 

5.  Valvular  disease  of  the  right  heart. — We  have  already  seen  that,  except  in 
the  foetus,  this  form  of  disease  is  uncommon  as  a  primary  lesion.  In  cases  of 
acute  or  chronic  endocarditis  with  well-marked  lesions  on  the  left  side,  however, 
there  are  very  often  distinct  indications  of  inflammation  in  the  valves  of  the 
right  heart.    (Fig.  339.) 

Relative  insufficiency  of  the  tricuspid  valve,  although  secondary,  is  often  of 
considerable  consequence  on  account  of  the  effects  to  which  its  leads.  We  have 
seen  that  in  mitral  disease  the  right  ventricle  usually  dilates  and  hypertrophies, 
and  with  this  change  in  the  ventricle  the  orifice  widens.  The  valve  may  thus  be 
unable  to  cover  the  enlarged  orifice,  and  may  become  insuflicient.    In  other  forms  of 
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dilatation  and  hypertrophy  of  the  right  ventricle  as  in  that  due  to  obstruction  of 
the  pulmonary  circulation,  the  same  thing  may  occur.  The  tricuspid  orifice 
normally  admits  readily  three  fingers  up  to  the  first  joints,  and  when  enlarged  it 
is  not  uncommon  to  meet  with  cases  in  which  it  admits  four,  five,  six,  or  even 
seven  fingers.  If  the  valve  is  thus  incompetent  to  close  the  enlarged  orifice  the 
blood  will,  during  the  systole  of  the  ventricle,  regurgitate  into  the  auricle.  The 
wave  will  be  propagated  into  the  veins  of  the  neck,  and  there  will  probably  be  an 
aggravation  of  the  existing  congestion  of  the  systemic  veins. 


Fig.  339.— Tricusijid  and  mitral  stenosis. 

It  need  only  be  added,  that  if  chronic  endocarditis  attacks  the  tricuspid  or 
pulmonary  valves,  it  may  produce  results  similar  to  those  effected  in  the  mitral 
and  aortic.  The  tissue  here,  however,  is  less  substantial  to  begin  with,  and  the 
iuflamrnation  is  usually  much  less  intense,  and  so  the  changes  are  rarely  of  any 
great  consequence. 

VIII.— TUBEECULOSIS  AND  SYPHILIS,  Etc. 
1.  Tuberculosis.— This  is  rare  as  a  lesion  of  the  heart  itself,  but  is 
frequent  and  important  in  the  pericardium.  Tuberculosis  of  the 
heart  as  an  occasional  accompaniment  of  acute  general  tuberculosis, 
IS  not  infrequent  in  children.  Characteristic  nodules  in  the  muscular 
substance  and  in  the  endocardium  occur,  but  in  some  cases  a  more 
definite  tubercular  endocarditis  has  been  observed  with  the  usual 
features  of  an  acute  endocarditis. 
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Tubercular  pericarditis  arises  by  infection  from  some  part  in  the 
neighbourhood  of  the  heart.  This  is  usually  the  mediastinal  glands 
(Weigeit),  but  may  be  the  pleura.  A  tuberculosis  of  the  mediastinal 
glands  may  slumber  on  for  many  years,  and  an  accidental  extension 
to  the  parietal  pericardium  may  rftsult  in  the  launching  of  the 
infective  agent  into  the  sac.  The  bacillus  is  dispersed  throughout 
the  sac,  where  it  multiplies  and  produces  its  toxin. 

At  the  outset  there  is  usually  an  acute  inflammation  with  the 
features  of  acute  pericarditis  described  above,  but  there  is  not  usually 


Fig.  340. — Tubercular  pericarditis.    The  ventricles  are  shown  in  section.   There  is 
very  great  thickening  of  the  pericardium,  and  the  two  layers  have  coalesced. 

much  serous  exudation.  A  fibrinous  deposit  is  formed  beneath  which 
small  miliary  nodules  are  visible.  As  the  disease  becomes  chronic 
there  is  great  new-formation  of  connective  tissue  and  of  tubercles. 
The  process  occurs  in  both  the  visceral  and  parietal  layers  of  the 
pericardium,  and  the  two  layers  are  liable  to  coalesce  so  that  adherent 
pericardium  results.  The  condition,  however,  differs  greatly  from 
ordinary  adhesion  of  the  pericardium  in  respect  that  there  is  very 
great  thickening.  In  the  case  from  which  Fig.  340  is  taken  the 
pericardium  had  a  thickness  of  1-5  to  2-5  cm.  The  heart  was  thus 
encased  in  a  dense  thick  capsule  which  must  have  greatly  impeded 
its  movements. 

In  the  thick  adherent  pericardium  it  is  usually  possible  to  dis- 
tinguish two  layers  of  tubercles,  one  belonging  to  the  visceral,  and 
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one  to  the  parietal  layer  of  the  pericardium.  Under  the  microscope 
there  will  be  found  large  masses  having  the  indefinite  characters 
of  caseous  necrosis  with  occasional  fresh  tubercles,  in  the  midst  of 
tissue  which  presents  in  some  parts  evidences  of  recent  inflamma- 
tion and  in  others  merely  dense  connective  tissue.    (See  Fig.  341.) 


Fig.  341. — Tubercular  pericarditis.  In  the  lower  part  the  heart  muscle  is  shown. 
Surmounting  it  is  a  thick  vascular  layer  with  numerous  tubercles.  On  the  surface  is 
a  layer  of  fibrine.    x  50. 


2.  Syphilis. — This  occurs  in  the  heart  chiefly  in  the  form  of  gum- 
mata  which  have  their  seat  in  the  muscular  substance  in  any  region. 
The  gumma,  which  may  attain  considerable  dimensions  (see  Fig. 
342),  is  a  dense  tough  body  of  somewhat  indefinite  structure,  and 
it  is  surrounded  in  the  usual  way  by  cicatricial  connective  tissue 
which  replaces  the  muscular  substance,  producing  an  interstitial 
myocarditis  (see  Fig.  57,  p.  181).  The  endocardium  and  pericardium 
are  thickened,  and  the  latter  may  show  adhesions.  Besides  the 
gummata  a  limited  fibrous  induration  may  have  a  syphilitic  origin 
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(see  Fig.  294,  p.  492).  A  syphilitic  affection  of  the  valves  has  been 
described,  but  is  very  rare. 

Actinomycosis  and  Hodgkin's  disease  may  extend  from  the  medi- 
astinum and  lungs  to  the  pericardium  and  heart,  but  are  not  inde- 
pendent diseases. 


Fig.  342.  — Gumma ta  in  wall  of  left  ventricle.  A  large  portion  of  the  wall  is  oooupiod 
by  gummatous  tissue.    (From  a  coloured  drawing  by  Br.  Alex.  Macphail.) 

Literature.— rMfcercM^o-sM. — Tripier,  Arch,  de  m6d.  exp6r.,  1890;  Weigert, 
Virch.  Arch.,  vol.  Ixxv.,  1879  ;  Pollak,  Zeitsch.  f.  klin.  Med.,  xxi.,  1892  (literature). 
Syphilis. — Vibchow,  Geschwiilste  ii.,  441,  1865;  Lancereaux,  Trait6  de  la  Syph., 
1873  ;  Lang,  Path,  und  Ther.  der  Syph.,  1896  ;  Syph.  des  Herzens,  1889  ;  Volmak, 
Ueber  Gummata  des  Herzens,  1893 ;  Mracek,  Arch.  f.  Dermat.  Suppl.  1893  (with 
literature).    Lazards-Barlow,  Brit.  Med.  Journ.  ii.,  1899. 

IX.— TUMOURS  PEOPER  AND  PARASITES  OF  THE  HEART. 
Primary  tumours  are  exceedingly  rare  in  the  heart.    According  to 
Berthenson  the  structure  in  30  published  cases  of  primary  tumours 
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of  the  heart  was  as  follows  :— Sarcoma  9  (Pure  Sarcoma  5,  Fibro- 
sarcoma 3,  Myxosarcoma  1);  Myxoma  7  (Pure  Myxoma  4,  Fibro- 
myxoma  3);  Fibroma  6;  Syphilitic  tumours  2;  Cancer  3;  Fatty 
tumour  2  ;  Cyst  1.    Rhabdomyomata  have  been  described. 

Secondary  tumours  are  also  rare.  Sarcomas  occurring  in  the 
neighbourhood  may  spread  to  the  heart,  and  especially  those  of  the 
mediastinum,  involving  first  the  parietal  and  then  the  visceral  peri- 


Fig.  343. — Secondary  cancer  of  the  lieart.  The  apex  is  replaced  by  a  gi'owtli  wMcli 
projects  into  the  ventricle.  The  summit  of  the  growth  is  covered  with  an 
adherent  thrombus.    The  primary  gi'owth  was  in  the  lung. 


cardium.  Sometimes  also  a  Cancer  of  the  oesophagus  extends  to  the 
pericardium.  Cancers  when  they  become  generalized  sometimes  occur 
in  the  heart,  in  the  form  of  round  pale  tumours  (see  Fig.  343). 

Of  Parasites,  the  echinococcus  and  the  cysticercus  celluloses  have 
been  found  in  the  heart.  The  cysticercus  of  the  taenia  solium  is 
frequent  in  the  heart  of  swine,  and  that  of  the  taenia  mediocanellata 
in  cattle,  but  they  are  very  rare  in  man. 

Uterature.— Berthenson,  Virch.  Arch.,  cxxxii.,  390,  1893;  Pbaentzel,  Vorles. 
iiber  die  Krankh.  des  Herzens,  1891;  Geipel,  Centialb.  f.  allg.  Path.,  x.,  1899; 
Seifpert,  Ziegler's  Beitrage,  xxvii.,  1900. 


SECTION  II.— Continued. 


B.— BLOOD-VESSELS. 

I.  Diseases  of  the  Arteries.  (1)  Thrombosis  and  Embolism.  (2)  Obliteration. 
(3)  Acute  inflammation,  (i)  Chronic  endarteritis  or  atheroma  ;  (a)  Causation 
and  nature,  (b)  tissue  changes,  (c)  efi"ects  on  circulation.  (5)  Endarteritis 
obliterans.  (6)  Retrograde  changes ;  (a)  fatty  degeneration  of  the  intima, 
(&)  calcareous  infiltration  with  ossification,  (c)  amyloid  disease.  (7)  Aneurysm ; 
(a)  causation  and  mode  of  production  ;  injury  to  middle  coat  and  increase 
of  blood-pressure;  (b)  coats  of  artery  in  aneurysm  ;  (c)  thrombi;  (d)  condition 
of  branches ;  (e)  effects  on  the  heart ;  and  (/)  on  parts  around ;  {g)  termin- 
ations, by  cure,  by  pressure  effects,  by  rupture.  (8)  Special  forms  of 
aneurysm  ;  (a)  cirsoid  aneurysm  or  aneurysm  by  anastomosis  ;  (6)  traumatic 
aneurysm ;  (c)  dissecting  aneurysm  ;  (d)  varicose  aneurysm.  (9)  Syphilitic 
and  tubercular  affections  of  arteries. 

n.  Diseases  of  the  Veins.  '  (1)  Thrombosis.  (2)  Inflammations,  including  septic 
phlebitis  and  pyaemia.  (3)  Varix,  causation  and  character  of  changes ; 
Haemorrhoids  ;  varicocele.    (4)  New-formations  in  veins. 

'rpHE  blood-vessels  are  to  be  regarded  as  tubes  of  vi^hich  the  essential 
constituent  is  the  intima.  According  to  circumstances  the  intima 
becomes  clothed  with  external  and  middle  coats,  and  so  we  have 
a,rteries  and  veins.  We  have  already  seen  that,  in  nearly  all  new- 
formations,  blood-vessels  are  produced  as  well  as  the  proper  tissue,  and 
that  it  is  first  a  tube  composed  of  intima  which  is  formed,  i.e.  a  capillary. 
This  primary  vessel  is  capable  of  enlargement  and  further  complication 
in  the  way  just  indicated,  so  that  a  transformation  of  the  primary 
capillaries  into  arteries  and  veins  may  take  place.  This  formation  of 
vessels  and  their  further  development  according  to  the  requirements  of 
the  tissues  is  an  exceedingly  common  occurrence,  and  may  be  regarded 
as  equivalent  to  that  which  occurs  in  the  formation  of  the  tissues 
during  the  period  of  development  and  growth  of  the  body  as  a  whole. 
A  process  of  a  similar  nature  is  sometimes  seen  when  the  obstruction 
of  an  artery  causes  the  current  to  be  in  great  part  diverted  into  other 
channels.    We  know  that  in  this  case  the  anastomosing  vessels  enlarge, 
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small  arteries  become  converted  into  large  ones,  and  perhaps  even 
capillaries  into  arteries.  The  vascular  system  is  thus  an  exceedingly 
plastic  one,  and  possesses  great  powers  of  new-formation  and  develop- 
ment according  to  the  needs  of  the  tissues. 


I. -DISEASES  OF  THE  ARTERIES. 

1.  Thrombosis  and  Embolism. — These  conditions  having  been  some- 
what fully  discussed  in  previous  pages,  it  only  remains  here  to  refer  to 
the  more  local  changes. 

Thrombosis  occurs  as  a  secondary  result  of  disease  of  the  walls  of 
arteries,  chiefly  in  cases  of  atheroma  and  aneurysm.  In  the  former  it 
is  often  the  cause  of  the  final  closure  of  the  vessel.  There  is  also 
thrombosis  as  a  result  of  ligature  of  arteries.  Acute  inflammations  in 
arteries  also  induce  thrombosis;  this  is  especially  the  case  in  septic 
inflammations.  There  may  be  in  this  way  a  condition  similar  to  the 
more  frequent  septic  thrombosis  in  veins  (thrombo-phlebitis). 

Embolism  is  very  frequent  in  arteries.  If  the  embolus  be  a  simple 
one  such  as  a  piece  of  thrombus,  the  portion  of  artery  affected  will 
undergo  a  process  of  chronic  inflammation  and  the  plug  will  become 
organized  in  the  manner  about  to  be  described.  A  septic  embolus, 
on  the  other  hand,  will  become  the  centre  of  a  supjjurative  inflam- 
mation. We  have  also  embolism  from  the  penetration  of  tumours 
and  parasites. 

2.  Obliteration  of  arteries. — In  several  of  the  aff"ections  to  be  con- 
sidered in  the  succeeding  paragraphs,  partial  or  complete  occlusion  and 
obliteration  of  arteries  occurs,  and  the  processes,  although  diff'ering 
somewhat  in  detail,  have  many  points  in  common.  In  all  of  them 
there  are  usually  conjoined  the  two  processes  of  thrombosis  and 
inflammation. 

Obliteration  by  ligature  aff"ords  the  simplest  illustration.  When  an 
artery  is  ligatured,  the  internal  and  middle  coats  are  torn  through,  as 
shown  in  Fig.  344.  In  consequence  of  the  injury  and  stagnation  of 
blood  thrombosis  occurs,  and  the  thrombus,  which  contains  a  consider- 
able excess  of  leucocytes,  extends  to  the  nearest  branch,  as  is  well 
shown  in  Fig.  21,  p.  81.  This  is  followed  by  inflammatory  changes 
afi-ectmg  primarily  the  internal  coat.  This  tunic  becomes  cellular  and 
swollen  so  that  it  bulges  inwards  and  impinges  on  the  coagulum.  The 
inflamed  internal  coat  becomes  vascularized,  new-formed  vessels  pene- 
tratmg  mto  it  from  the  vasa  vasorum.  The  internal  coat  thus  sends 
buds  or  projections  inwards  which  replace  the  thrombus  by  vascularized 
graiiulation  tissue.    The  new-formed  vessels  are  produced  by  budding 
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from  the  vessels  of  the  external  and  middle  coats,  and  these  tunics  also 
take  some  part  in  the  inflammatory  process,  but  the  middle  coat  is 
much  less  active  than  the  external,  and  its  special  character  disappears 
in  the  process.  The  granulation  tissue  thus  formed  has  the  usual 
tendency  to  form  connective  tissue,  and  the  final  result  is  that  the 
portion  of  artery  concerned  is  resolved  into  a  piece  of  connective  tissue 
which  may  form  part  of  the  cicatrix  of  a  wound. 


Fig.  3+4. — Longit-.udinal  .section  of  an  artei-y  at  the  seat  of  ligature,  a,  a,  apertures 
in  which  the  silk  ligature  was  found.  The  external  coat  is  drawn  in  at  this  place,  while 
the  middle  and  iutemal  coats  are  absent,  being  absolutely  disjoined.  These  coats  are 
seen  above  at  6  and  below  at  c.    x  18. 


When  Arteries  have  been  wounded  a  somewhat  similar  process 
occurs.  If  the  artery  is  cut  across,  the  muscular  coat  by  its  contraction 
narrows  the  calibre  of  the  artery  and  withdraws  it  within  its  sheath. 
The  blood  flowing  out  through  the  orifice  deposits  leucocytes,  and  a 
clot  forms  within  the  sheath  and  at  the  orifice  of  the  vessel,  by  and  by 
completely  obstructing  it.  This  coagulum  will  be  a  white  thrombus. 
The  ensuing  processes  will  be  similar  to  those  just  described.  (See 
Fig.  21,  p.  81,  and  Figs.  23  and  24,  pp.  83,  84.) 

In  the  case  of  obliteration  from  other  causes,  the  process  of  final 
organization  may  go  on  in  the  manner  described  (see  Fig.  345),  but  it  is 
sometimes  interfered  with  by  the  diseased  condition  of  the  wall  of  the 
artery  or  by  the  character  of  the  obliterating  agent.     If  the  latter 
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be  of  an  irritating  nature,  as  in  septic  embolism,  then  there  can  be  no 
organization,  and  if  the  vessel  wall  be  seriously  diseased,  as  is  often 
the  case  in  atheroma,  then  the  whole  process  of  organization  may 
remain  absent. 


Fig.  345. — Organized  thrombus  in  a  cerebral  artery,    x  25. 

3.  Acute  inflammation  of  arteries.  Acute  arteritis. — Arteries  often 
take  part  in  inflammations  in  their  neighbourhood,  but  an  independent 
acute  inflammation  of  the  walls  is  very  rare.  An  endocarditis  afi"ecting 
the  aortic  or  pulmonary  valve  sometimes  extends  to  the  neighbouring 
parts  of  the  aorta  or  pulmonary  artery,  producing  warty  projections 
on  the  internal  surface  of  these.  More  particularly,  when,  in  acute 
endocarditis,  a  considerable  thrombus  forms  on  the  aortic  valve  and 
comes  against  the  wall  of  the  aorta,  it  may  lead  to  an  acute  endar- 
teritis there. 

Purulent  arteritis  is  the  result  of  septic  inflammation  in  the  neigh- 
bourhood, or  of  septic  embolism.  The  process  is  similar  to  that  in 
septic  phlebitis. 

4.  Atheroma.  Chronic  endarteritis.  {Arteriosclerosis,  endarteritis 
deformans,  endarteritis  nodosa. )~T\iQ&Q  names  are  applied  to  a  disease  of 
very  frequent  occurrence  in  arteries,  the  nature  of  which  has  been 
differently  regarded  at  diff"erent  times. 

(a)  Causation  and  nature  of  the  disease.— According  to  the  more 
common  view  of  the  process  the  disease  is  an  inflammation  of  the 
internal  coat,  and  hence  the  name  endarteritis.  But  there  are  several 
indications  which  tend  to  remove  atheroma  from  the  category  of  a 
simple  endarteritis.   The  thickening  of  the  intima,  which  is  the  primary 
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feature,  partakes  of  the  nature  of  a  hypertrophy,  the  new  tissue  being 
more  special  in  structure  than  the  ordinary  new-formed  tissue  of 
inflammation  (see  below).  It  is  also  a  tissue  which  tends  to  degenera- 
tion, mostly  fatty  degeneration.  The  fact  that  the  disease  is  peculiarly 
one  of  advanced  life  is  another  fact  of  importance,  and  it  may  also  be 
said  that  a  weakness  of  the  wall  of  the  vessel  must  be  regarded  as  one 
of  the  principal  agents  in  the  causation  of  the  disease.  While  there  is 
this  predisposition  the  actual  supervention  of  the  disease  is  apparently 
caused  by  mechanical  irritation.  Its  principal  seat  is  the  arch  of  the 
aorta,  and  this  is  doubtless  due  to  the  fact  that  this  part  is  more 
exposed  to  the  force  of  the  wave  of  blood  during  the  systole  of  the 
heart  than  a,ny  other  portion  of  the  arterial  system.  The  disease  is 
frequently  met  with  in  the  arteries  of  the  brain,  and  here  it  is  more 
difficult  to  account  for  its  occurrence  on  the  theory  of  mechanical 
irritation,  but  the  atheromatous  patch  is  often  situated  just  at  a  bifur- 
cation, where  presumably,  the  vessel  wall  is  more  exposed  to  the  force 
of  the  current.  It  is  also  common,  as  already  remarked,  in  the  coronary 
arteries,  where  we  may  presume  that  the  blood  pressure  is  higher  than 
in  other  arteries  of  their  size.  Again,  it  is  met  with  in  the  pulmonary 
artery  in  cases  of  hypertrophy  of  the  right  ventricle,  the  excessive 
impulse  of  the  blood  from  the  hypertrophied  ventricle  apparently 
determining  its  occurrence.  As  we  shall  see  afterwards,  syphilis  pro- 
duces a  disease  of  arteries  in  some  respects  similar  to  atheroma. 

(b)  The  tissue  changes. — The  disease  consists  in  a  more  or  less 
localized  thickening  of  the  internal  coat.  The  thickening  is  nearly 
always  distinctly  limited  in  area,  so  that  we  speak  of  Atheromatous 
patches  (hence  the  name  endarteritis  nodosa).  When  we  examine  the 
aorta  in  the  earlier  stages  we  see  elevated  areas  with  tolerably  abrupt 
edges,  and  usually  of  a  dead  white  colour  as  compared  with  the  sur- 
rounding intima.  These  patches  are  hard,  and  cut  like  cartilage.  In 
the  arteries  of  the  brain  the  diseased  parts  are  seen,  without  opening 
the  vessels,  as  opaque  white  patches,  and  the  vessel  is  more  rigid  than 
normal,  so  that  it  does  not  collapse  ;  the  calibre  also  is  diminished, 
sometimes  very  greatly,  by  the  inward  projection  of  the  patch.  On 
cutting  into  the  patch,  in  either  the  aorta  or  a  cerebral  artery,  there  is 
often  an  opaque  yellow  colour  revealed  in  the  deeper  parts,  and  this  is 
an  indication  of  fatty  degeneration.  Very  often,  too,  there  is,  especially 
in  the  aorta,  calcareous  infiltration  of  the  deeper  parts  of  the  patch, 
but  these  two  conditions  Avill  be  more  fully  discussed  further  on. 

In  considering  more  particularly  the  details  of  the  process,  it  is 
instructive  to  examine  microscopic  sections,  including  the  edge  of  the 
patch  and  the  neighbouring  parts  of  the  vessel.    In  well-preserved 
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recent  cases  it  can  be  seen  that  the  endothelium  of  the  intima  is 
continued  over  the  patch,  a  cellular  proliferation  in  the  sub-endothelial 
tissue  is  seen  to  be  the  essential  feature  (Fig.  346).  In  nearly  all 
cases  there  is  little  difficulty  in  observing  that  the  patch  is  really  a 
thickening  of  the  internal  coat,  as  shown  in  Figures  347  and  348. 
The  thickened  intima  is  composed  of  a  dense  connective  tissue,  which 
in  the  early  stages  contains  many  round,  oval,  and  stellate  cells.  In 
many  cases  the  thickened  intima  can  be  made  out  to  present  a  similar 
structure  to  the  normal  intima.  A  section  on  the  flat  shows  large 
numbers  of  branching  cells  (as  in  Fig.  349),  such  as  characterize  the 


normal  structure.  The  new-formed  tissue  thus  constitutes  a  hyper- 
trophy of  the  intima. 

In  a  fully  formed  patch  the  structure  is  often  somewhat  indefinite. 
The  tissue  is  indeed  half  obsolete,  and,  as  already  indicated,  fatty 
degeneration  readily  occurs.  The  fatty  degeneration  begins  usually  in 
the  deeper  layers  of  the  patch,  so  that  on  cutting  into  it  one  generally 
nnas  m  the  portion  of  the  patch  bordering  on  the  middle  coat  an 
paque  yellow  streak  (see  also  Fig.  350).    The  fatty  degeneration  at 
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first  alfects  the  cells  of  the  intima  (as  shown  in  Fig.  350),  but  as  time 
goes  on  the  intercellular  substance  gives  way,  and  the  tissue  breaks 


Fig.  347. — Edge  of  patch  in  atheroma  of  femoral  artery.  To  the  right  the  mem- 
brane of  Henle  is  seen  as  a  dark  band.  The  patch  ha.s  broken  through  the  membrane 
and  projected  itself  into  the  middle  coat,    x  40. 


Pig  348  —Atheroma  of  femoral  artery.   The  disease  consists  in  a  localized  thicken- 
ing of  the  intima  forming  the  atheromatous  patch,    x  6. 

down,  so  that  a  cavity  containing  fatty  debris  with  crystals  of 
margarine  and  of  cholestearine  is  formed.    It  is  from  the  character  of 
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this  fatty  debris  that  the  name  atheroma  is  derived,  and  the  cavity  thus 
formed  is  sometimes  called  an  Atheromatous  abscess.    (See  Fig.  351.) 


tn^-h?'  ??9-7Diagramiuatic  sketch.    Athoroma  of  aorta.    The  iutornal  coat  (a)  is  seen 

cVinfiTTr-Vr^t^f  1 1^?/*!  ^"^y^™  ^^"^'^        '^'^^^"'^  markings  iudicatiuK  tlie 

commencement  of  fatty  degeneration  ;  b,  middle,  and  c,  external  coat,    x  22. 


^^^^  AFFECTIONS  OF  ARTERIES. 

The  tissue  superficial  to  the  cavity  may  ultimately  give  way,  and  m 
expose  the  cavity,  thus  forming  an  Atheromatous  ulcer.  (See  Fig.  352!) 
The  ulcer  sometimes  presents  calcareous  masses  in  its  walls,  and  in  any 
case  it  may  induce  the  deposition  of  fibrine  on  its  surface. 


Fig.  351.— Diagrammatic  sketch.  Atheroma  of  femoral  artery.  The  greatly 
thickened  internal  coat  (a)  is  shown.  In  the  midst  of  it,  towards  the  right,  are  dark 
masses  consisting  mainly  of  fatty  debris,  and  representing  the  atheromatous  abscess. 
At  one  part  the  middle  coat  (b)  is  considerably  encroached  on  from  within,    x  22. 


Calcareous  infiltration  is  a  frequent  result  in  the  atheromatous  patch. 
The  dense  tissue  of  the  patch  may  become  infiltrated  with  lime  salts, 
with  or  without  a  preceding  fatty  degeneration.  This  is  peculiarly 
the  case  when  the  tissue  is  very  hard  and  dry.  We  shall  see  after- 
wards that  some  individuals  present  a  very  great  tendency  to  the 
deposition  of  lime  salts  in  the  walls  of  their  arteries,  and  there  are 
cases  of  atheroma  in  which  this  tendency  is  very  marked,  so  that 
with  comparatively  little  atheromatous  thickening  there  may  be  very 
extensive  calcareous  deposition.  At  first  the  salts  are  deposited  in 
fine  granules,  and  in  the  deeper  layers  of  the  patch,  but  as  time 
goes  on  these  aggregate  into  consistent  masses,  so  that  we  have 
Calcareous  plates  of  various  forms  and  sizes,  sometimes  attaining 
to  a  square  inch  in  area.  These  plates,  having  abrupt  edges,  not 
infrequently  tear  through  the  remaining  layers  of  the  intima,  and 
present  an  edge  or  angle  inside  the  vessel.  They  may  even  become 
to  a  considerable  extent  separated,  and  hang  into  the  calibre  attached 
only  by  a  strip  of  intima  like  a  hinge.  The  rough  calcareous  edge 
very  commonly  induces  a  deposition  of  fibrine,  and  the  thrombus 
thus  formed  may  subsequently  become  detached,  and  form  an  embolus. 
The  determination  of  the  preponderance  of  the  fatty  or  calcareous 
change  appears  to  depend  on  individual  peculiarities.  Both  forms 
are  very  frequent  in  the  aorta.  The  fatty  change  preponderates 
greatly  in  the  cerebral  arteries.     The  aorta  is  sometimes  greatly 
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Pis  352  — Atheroma  of  aorta:  a,  middle  coat;  h,  atheromatous  internal  coat. 
There  is  a  marked  opacity  of  the  iiitiraa  in  its  deeper  parts  from  fatty  degeneration, 
and  it  Impinges  on  the  media.  The  fatty  structure  has  come  to  the  surface  and 
caused  an  atheromatous  ulcer.     X  S. 
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altered  by  the  atheroma  and  calcareous  deposition,  as  shown  in 
rig.  oOo. 

Besides  these,  which  may  be  regarded  as  the  primary  lesions  of 
atheroma,  there  are  frequently  present  certain  further  changes  which 
have  been  variously  interpreted  as  parts  of  the  primary  lesion  or  as 
Secondary  results.  These  concern  chiefly  the  media  and  the  adventitia 
There  is  no  doubt  that  in  atheroma  of  the  aorta  there  are  very 
commonly  inflammatory  manifestations  in  the  two  outer  coats,  and 


Pig.  354.— Atheroma  of  aorta.    Underlying  the  thickened  intima  the  markedly- 
atrophied  media  is  shown,    x  15. 

some  authors  have  regarded  this  as  an  indication  that  the  atheroma 
is  merely  part  of  a  general  inflammation  of  the  vessel-wall.  But  these 
manifestations  are  usually  absent  in  atheroma  of  the  smaller  vessels, 
and  may  be  wanting  in  the  aorta  itself  They  are  either  the  result  of 
the  atheroma,  or  else  they  are  conditioned  by  those  changes  in  the 
circulation  (increased  pressure)  which  we  have  seen  to  take  part  in  the 
causation  of  atheroma. 

The  atheromatous  patch,  forming  a  hard  nodule,  impinges  on  the 
media,  and  not  infrequently  seriously  interferes  with  it.  There  may 
be  thinning  of  the  media  from  within  (see  Fig.  354),  along  with  fatty 
changes  which  may  manifest  themselves  in  the  muscle  cells  of  this  coat 
(see  Fig.  355).  There  may  be,  on  the  other  hand,  traumatic  lesions, 
sometimes  resulting  in  rupture  of  the  elastic  lamina  of  Henle.  This 
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injury  and  rupture  brings  about  a  process  of  repair,  so  that  we  have 
the  usual  formation  of  vascular  inflammatory  tissue  m  the  media 
going  on  to  cicatrization.  More- 
over, the   atheromatous  patch  is 
largely  in  the  condition  of  a  piece 
of  dead  or  obsolete  tissue,  and,  on 
the  principles  already  expounded, 
it  is  liable  to  be  eaten  into  and 
replaced  by  vascular  tissue.  The 
deeper  parts   of   the  patch  are 
frequently  thus  vascularized,  especi- 
ally when  the   media   has  been 
injured.     These  are  true  inflam- 
matory changes  in  the  intima,  and       pig,  355.— Fatty  degeneration  in  atheroma : 
„  1,1  i.  a   from  internal  coat;  b,  muscle  cells  from 

are  difl^erent  from  the  atheromatous    '^-^^^^        x  350. 
process.   They  are  often  continuous 

with  the  similar  changes  in  the  media  and  adventitia.  These  lesions 
are  of  importance  in  relation  to  the  causation  of  aneurysms  (see 
further  on). 

(c)  Effects  of  atheroma  on  the  circulation.— There  are  four  altera- 
tions which  it  produces,  each  of  which  may,  according  to  circumstances, 
have  important  effects  on  the  circulation.  The  disease  causes  narrowing 
of  the  calibre,  interference  ivith  the  muscular  contractility,  rigidity,  and  some- 
times actual  injury  to  the  wall. 

The  Narrowing  of  the  vessel  will  be  of  little  consequence  in  such 
large  arteries  as  the  aorta,  but  in  the  case  of  the  cerebral  vessels,  the 
coronary  arteries  of  the  heart,  and  the  arteries  of  the  legs,  the  inter- 
ference with  the  circulation  may  be  considerable  (see  Figs.  356,  357). 
We  have  seen  this  illustrated  in  the  case  of  the  coronary  arteries  of 
the  heart,  especially  when  thrombosis  supervenes,  where  the  disturb- 
ance of  the  circulation  sometimes  produces  severe  angina,  and  may  lead 
to  sudden  death,  and  it  is  no  less  potent  as  a  cause  of  disease  in  the 
cerebral  arteries. 

The  Interference  with  the  contractility  will  also  affect  mainly  the 
arteries  of  smaller  dimensions,  and  in  the  case  of  the  arteries  of  the 
brain,  the  absence  of  that  control  of  the  circulation  which  is  afforded 
by  their  varying  calibre  may  lead  to  serious  consequences. 

Rigidity  and  weakening  of  the  wall  are  very  important  conse- 
quences of  atheroma,  especially  in  the  aorta,  where  they  are  important 
factors  in  the  causation  of  aneurysm.  The  immediate  consequence  of 
rigidity  of  the  aorta  is  that  during  the  systole  of  the  heart  the  vessel 
does  not  dilate,  and  at  the  end  of  the  systole  it  does  not  recoil,  so  that 
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the  force  of  the  elastic  recoil  is  lost  to  the  circulation,  and  in  distant 
parts  there  is  apt  to  be  more  or  less  stagnation.  As  a  result  of  this  we 
have  hypertrophy  of  the  left  ventricle,  which  is  often  very  marked  in 


Fig.  356.— Diagi-ammatic  sketch.  Atheroma  of  cerebral  artery.  The  gi-eatly  thick- 
ened internal  coat  («)  is  seen.  In  its  substance  are  dark  masses  (ti)  in  which  margarine 
crystals  were  found.  On  the  surface  is  a  paler  layer  (c)  consisting  of  partially 
organized  thrombus  ;  (</)  blood  occupying  the  remaining  calibre,    x  34. 


Fig.  357. — Diagrammatic  sketch.  Transverse  section  of  a  normal  cerebral  artery  to 
contrast  with  Fig.  356.    x  34. 


cases  where  much  calcareous  infiltration  exists.  The  hypertrophied 
ventricle  sending  the  blood  forcibly  into  the  rigid  aorta  produces  com- 
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monly  a  diffuse  dilatation  of  the  arch.    The  influence  of  atheroma  in 
producing  aneurysm  will  be  considered  subsequently. 

The  time  of  life  at  which  atheroma  is  most  frequent  is  a  point  of  some  import- 
ance in  relation  to  the  causation  of  aneurysm.  Accordmg  to  Rokitansky,  it  s 
ommonest  between  the  ages  of  forty  and  sixty.  It  is  still  ^^^^^ ^'^'^^^^^^^ 
thirty  years  of  age,  but  rapidly  diminishes  in  frequency  from  that  ^ge  downwards^ 
It  is  extremely  rare  under  twenty  years,  and  when  it  does  occur  it  is  mostly  in 
connection  ^th  congenital  anomalies  of  the  great  vessels  or  heart,  such  as  stenosis 
of  a  main  stem  with  defect  of  the  septum,  etc. 

5  Endarteritis  obliterans.— This  is  not  an  independent  disease,  but 
is  frequently  of  considerable  importance  as  a  part  of  the  phenomena  of 
other  conditions.  It  affects  the  finer  vessels  of  certain  organs,  and 
consists,  like  atheroma,  in  a  thickening  of  the  internal  coat  (see  Fig. 
358)  which,  in  these  fine  arteries,  frequently  leads  to  complete  obliter- 
ation. This  form  of  lesion  is  seen  especially  in  interstitial  inflammations 
of  organs,  and  is  particularly  frequent  in  chronic  interstitial  nephritis, 
where  it  will  be  again  referred  to. 

6.  Retrograde  changes  in  arteries.— We  have  already  alluded  to 
retrograde  changes  in  connection  with  atheroma.  Some  more  inde- 
pendent forms  have  still  to  be 
considered. 

(a)  Fatty  degeneration  of  the 
intima  of  arteries. — This  con- 
dition is  apt  to  be  mistaken  for 
atheroma.    We  frequently  see, 
especially  in  the  aorta,  yellow 
markings  slightly  raised  above 
the  internal  surface,  and  having 
the   appearance    of  superficial 
figurings.    They  are  to  be  found 
in  the  aorta,  pulmonary  artery, 
and  other  parts  of  the  arterial 
system.    If  a  portion  of  such  a 
patch  be  examined   under  the 
microscope  by  removing  a  thin  layer  by  a  section  parallel  to  the 
surface,  it  will  be  found  that  the  condition  consists   in   a  fatty 
degeneration  of  the  cells  of  the  intima.    The  flat  branched  cells  are 
demarcated  by  the  presence  in  them  of  abundant  fat  drops.    If  the 
fatty  degeneration  is  much  advanced  then  the  intercellular  substance 
becomes  also  the  seat  of  fat  drops,  and  the  cells  are  no  longer 
demarcated.    It  sometimes  happens  that  when  the  degeneration  is 
very  advanced  the  little  patch  softens  and  an  erosion  forms.  This 


Pig.  35S. — Diagi-ammatic  sketuli.  Jiudarteritis 
obliterans  in  arteries  of  kidney  :  a,  tliickened  and 
fibrou.s  internal  coat ;  b,  middle  coat. 
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erosion  is  very  superficial,  and  is  not  to  be  mistaken  for  the  ather- 
omatous ulcer. 

This  condition  is  sometimes  met  with  in  the  bodies  of  comparatively 
healthy  persons ;  we  have  already  seen  that  in  anemic  and  emaciated 
persons  it  is  frequent,  and  it  is  to  be  classed  in  the  same  category  as 
fatty  degeneration  of  the  muscular  tissue  of  the  heart. 

(b)  Calcareous  infiltration  of  arteries.— We  have  already  seen  that 
in  atheroma  there  is  very  frequently  a  calcareous  infiltration  of  the 
affected  structures,  and  it  has  been  stated  that  individual  peculiarities 
appear  to  play  an  important  part  here.  In  some  cases  a  more  inde- 
pendent calcareous  deposition  occurs,  and  here  individual  peculiarities 
are  of  still  greater  consequence.  Calcification  of  the  middle  coat  is 
the  most  frequent  and  important  form.  This  is  very  frequently 
associated  with  atheroma,  but  it  is  noteworthy  that  the  atheroma  and 
calcareous  deposition  very  often  aifect  different  arteries  or  different 
parts  of  the  same  artery.  We  may  have,  for  instance,  atheroma  of  the 
aorta  and  calcification  of  the  middle  coat  in  the  femoral  and  smaller 
vessels;  or  there  may  be  atheroma  as  well  as  calcification  in  the 
femoral,  but  in  their  extreme  degrees  the  two  are  present  at  separate 
parts  of  the  artery.  For  instance.  Fig.  351,  p.  550,  and  Fig.  360  are 
from  the  same  femoral  artery,  and  from  parts  near  each  other ;  but  the 
one  shows- atheroma  with  fatty  degeneration,  while  the  other  exhibits 
very  advanced  calcareous  infiltration  of  the  middle  coat.  It  may  here 
be  remarked  that  calcification  affects  by  preference  the  arteries  of 
medium  and  smaller  size.  It  is  often  very  pronounced  in  the  femoral 
and  brachial,  and  extends  to  those  of  smaller  size,  but  not  to  the  finest 
arteries. 

The  deposition  occurs  in  most  cases  primarily  into  the  muscular  fibre 
cells  of  the  middle  coat,  and  at  first  marks  these  out  by  the  presence  of 
fine  opaque  granules  (see  Fig.  359),  but  the  author  has  met  with  a 
case  in  which  the  elastic  lamina  of  Henle  was  the  primary  seat  of 
deposition.  The  granules  flow  together  till  a  patch  is  formed  of  an 
opaque  appearance,  but  confined  to  the  middle  coat.  As  the  calcareous 
dejaosition  increases,  the  patch  sometimes  assumes  a  crystalline  appear- 
ance, and  the  material  may  become  broken  and  irregular,  as  in  Fig.  360. 
This  condition  necessarily  gives  greatly  increased  rigidity  to  the  walls 
of  the  arteries,  and  the  feeling  of  rigidity  so  often  felt  in  the  radial  and 
other  smaller  arteries  is  mostly  due  to  this  cause,  and  not  to  atheroma. 
The  fact,  however,  that  calcification  of  the  middle  coat  is  so  often 
associated  with  atheroma  renders  this  rigidity  to  some  extent  an  indica- 
tion of  the  existence  of  atheroma  in  the  larger  arteries.  To  the  naked 
eye  the  calcified  parts  frequently  manifest  themselves  by  the  appearance 
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Of  a  circular  opaque  striation,  visible  especially  when  the  artery  is  la.d 
open  and  viewed  from  within.  The  appearance  is  better  seen  if  the 
artery  be  allowed  to  dry  partially,  as  then  the  normal  tissue  becomes 
more  transparent  and  the  chalky  structures  more  prominent  In  that 
case  complete  or  partial  rings  are  seen,  not  unlike  the  irregular  cartila- 


Fig.  359.^iagrammatio  sketch.  Calcareous  mflltratlon  of  the  middle  coat  (6)  in 
an  artery,  early  stage,  with  atheroma  (a).  At  the  edge  of  the  affected  part,  the 
general  outline  of  the  muscle  fibre  cells  can  bo  made  out.    X  bU. 

ginous  rings  of  the  bronchi,  but  smaller.  Another  method  of  rendering 
the  calcification  prominent  is  to  tear  .oflf  the  internal  coat,  which  is 
usually  somewhat  loosely  attached. 


Fig.  360.— Diagrammatic  sketch.  Calcareous  infiltration  of  the  middle  coat  of  an 
artery.  The  lime  salts  have  aggi-egated  together  so  as  to  produce  a  orystaUiue 
appearance.    This  was  taken  from  the  same  artery  as  Fig.  3.31.    x  22. 

The  calcified  middle  coat  sometimes  undergoes  a  true  Ossification, 
so  that  spicula  of  bone  may  be  mixed  with  calcareous  masses.  The 
ossification  is  secondary  to  the  calcareous  infiltration,  and  is  always 
small  in  extent  compared  with  the  latter.  It  is  really  the  result  of  a 
chronic  inflammation  around  the  calcareous  masses,  the  new-formed 
connective  tissue,  penetrating  amongst  these,  becoming  transformed  into 
true  bone  by  reason  of  the  rigidity  of  the  structures  and  the  abundance 
of  lime  salts. 


The  author  has  observed  a  similar  development  of  true  bone  in  a  collapsed 
hydatid  cyst  in  the  liver.    In  this  case  the  new-formed  connective  tissue  had 
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penetrated  amongst  the  degenerated  products  of  the  parasite,  and  some  parts 
had  developed  osseous  tissue  with  regular  lacunm  and  canaliculi 

The  calcareous  infiltration  of  the  middle  coat  renders  the  artery  peculiarly  rigid 
and  when  extensive,  induces  hypertrophy  of  the  left  ventricle  just  as  rigidity  of  the 
aoi-ta  does.  The  rigid  vessels  are  also  liable  to  dilatation,  as  in  the  case  of  the  aorta 
But  besides  that,  the  calcified  middle  coat  is  brittle,  and  afiords  a  much  less 
effective  resistance  to  the  distensile  wave  of  blood.  An  additional  strain  on  the 
circulation,  or  some  special  movement  of  the  body,  may  break  the  brittle  coat  and 
directly  lead  to  aneurysmal  dilatation  of  the  artery.  It  is  not  unlikely  that  peri- 
pheral aneurysms  are  frequently  induced  in  this  way,  and  especially  those  of  the 
pophteal  region,  where  the  artery  is  peculiarly  liable  to  mechanical  injury  from  the 
movements  of  the'  limb. 

A  peculiar  Calciflcation  of  arteries  by  metastasis  has  been  described.  We  have 
already  seen  that  when  great  destruction  of  bone  is  occurring  the  hme  salts  may  be 
deposited  in  distant  parts,  the  lungs  and  mucous  membrane  of  the  alimentary 
canal  being  the  chief  seats.  Kuttner  has  described  a  case  in  which  the  incrusta- 
tion occurred  in  the  arteries.  The  deposition  increased  in  amount  the  further 
removed  the  arteries  were  from  the  heart,  and  it  was  especially  manifest  where  the 
current  was  permanently  impeded,  as  where  a  small  branch  issued  from  a  com- 
paratively large  stem.  In  this  ease  it  was  the  intima  that  was  incrusted,  and  it 
was  peculiar  that  the  veins  were  not  in  the  least  affected.  Apart  from  the 
incrustation,  the  arterial  coats  were  apparently  normal.  The  source  of  the  lime 
salts  was  an  acute  caries  of  the  vertebral  column  from  the  first  dorsal  to  the  last 
lumbar.  In  relation  to  the  pathology  of  the  case,  it  is  to  be  added  that  there  was  a 
purulent  interstitial  nephritis,  so  that  the  excretion  of  lime  salts  was  presumably 
impeded.  It  is  remarkable  that  in  this  case  the  metastasis  was  to  the  arteries,  and 
that  the  lungs  and  the  mucous  membrane  of  the  intestine  were  entirely  free. 

(c)  Amyloid  disease. — This  is  frequent  in  the  walls  of  arteries  in 
various  organs.    (See  p.  400,  and  under  Kidneys,  Spleen,  Liver.) 

7.  Aneurysms. — An  aneurysm  is  a  localized  dilatation  of  an  artery. 
Taking  this  as  the  definition,  it  will  follow  that  in  the  aneurysm  the 
coats  of  the  artery  are  stretched,  and,  to  some  extent,  retained  as  the 
covering  of  it.  We  shall  afterwards  see  that  there  are  aneurysms  in 
which  this  is  hardly  the  case,  in  which  the  coats  rather  give  way  and 
rupture.  Such  aneurysms  are  often  designated  Spurious  aneurysms, 
of  which  it  will  be  necessary  afterwards  to  describe  several  varieties. 
Even  of  the  aneurysms  which  come  under  the  above  definition  there  are 
several  varieties,  but  we  have  to  consider  here,  in  the  first  place,  those 
which  arise  by  a  limited  dilatation  of  an  artery.  The  artery  may  be 
dilated  in  a  considerable  part  or  the  whole  of  its  circumference,  thus 
forming  a  spindle-shaped  or  Fusiform  aneurysm.  The  dilatation  may 
affect  such  a  considerable  portion  of  a  vessel  as  scarcely  to  come  under 
the  designation  of  an  aneurysm.  This  is  especially  the  case  in  the  aorta 
where  Dilatation  of  the  arch  (as  in  Fig.  361)  is  not  infrequent.  On 
the  other  hand,  the  dilatation  may  be  such  as  to  form  a  pouch,  and  we 
have  then  a  Sacculated  aneurysm. 
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(a)  Causation  and  Mode  of  Production.-A  general  survey  of  the 
conditions  under  which  aneurysms  occur  leads  to  the  conclusion  that 
two  chief  agents  have  to  do  with  their  production,  namely,  some  con- 
dition which  weakens  or  injures  the  wall  of  the  vessel,  more  especially 
its  middle  coat,  and  increase  of  the  blood-pressure.  The  injury  to  the 
media  is  local,  the  increase  of  blood-pressure  is  in  the  general  arterial 
system  and  depends  on  general  circumstances. 


Fig.  361. — Dilatation  of  aorta.    The  vessel  is  shown  laid  open  from  the  valve 
onwards.    There  is  much  thinning  of  the  wall,  which  is  atheromatous  and  calcified. 

Atheroma  is  to  be  mentioned  as  the  most  potent  local  agent  in  the 
production  of  aneurysm.  The  connection  of  atheroma  and  aneurysm  is 
at  once  indicated  by  the  fact  that  virtually  in  all  cases  of  aneurysm  of 
the  aorta,  atheroma  is  present,  and  often  in  a  very  marked  form.  The 
manner  in  which  atheroma  conduces  to  the  causation  of  aneurysm  has 
been  made  the  subject  of  study  by  the  author  in  association  with  Dr. 
Auld.  It  may  be  remarked  that,  for  purposes  of  resistance  to  the  force 
of  the  blood,  the  media  is  the  essential  part  of  the  vessel-wall.  In 
the  aorta  it  forms  a  thick  mantle  composed  chiefly  of  elastic  and  muscular 
tissues.  The  intima  is  a  thin  layer,  and  the  adventitia,  which  is  com- 
posed of  connective  and  elastic  tissue,  has  neither  the  resistance  nor  the 
elastic  recoil  of  the  media. 

The  relations  of  atheroma  and  aneurysm  are  best  studied  in  instances 
where  there  are  the  first  beginnings  in  small  depressions  or  pouches 
visible  in  scanning  the  internal  surface.  In  most  cases  of  actual 
aneurysm,  and  in  some  cases  of  atheroma  without  aneurysm,  such  small 
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beginnings  are  visible.    When  such  small  depressions  are  examined  in 
the  conditions  visible  are'those  shownTnT  36-" 

patch  or  node.  The  depression  is  largely  at  the  expense  of  the  middle 
coat,  which  tapers  off  towards  the  centre,  and  is  entirely  awantTng  a 

TclTon  d  bv^^^^^^^^^  to  destruction  of  the  media,  and  this  has  been 
occasioned  by  the  impingement  of  the  patch  or  node  upon  it.    It  has 


_  Fig.  362.— Begiiinings  of  an  aneurysm  in  the  aorta,  a,  Media ;  6,  intima  The 
^S:trop^rof«??r!'  -PWed  on  the  inadirausS^ 


been  already  explained  under  atheroma  that  the  patch  often  leads  to 
injury  and  rupture  of  the  media,  and  in  the  beginnings  of  aneurysms 
this  is  regularly  present. 

We  have  already  seen  also,  under  atheroma,  that  the  injury  to  the 
media  leads  secondarily  to  inflammatory  processes  in  the  wall  genemlly. 
These  are  partly  reparatory  and  are  continued  after  the  formation  of 
the  aneurysm,  the  wall  of  which,  as  will  appear  afterwards,  is  ultimately 
composed  of  connective  tissue  formed  by  a  process  of  inflammation. 

Whilst  atheroma  is  a  frequent  clement  in  the  causation,  other  condi- 
tions which  injure  or  rupture  the  middle  coat  are  also  causes.  Thus 
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embolism  in  the  cerebral  arteries,  when  it  does  not  cause  complete 
obstruction,  is  liable  to  produce  aneurysm  by  injuring  the  wall.  Ex- 
amination of  an  aneurysm  of  this  kind  showed  that  there  was  virtually 
a  gap  in  the  middle  coat,  the  intima  and  adventitia  being  pushed 
outwards.  Calcification  of  the  media,  by  rendering  it  brittle,  may 
also  be  regarded  as  an  agent  in  the  causation  of  aneurysms.  In  Fig. 
.363  is  represented  the  opening  of  a  small  aneurysm  of  the  aorta  which 
bulged  into  the  infundibulum  of  the  right  ventricle.   It  originated  at  the 


Fig.  3B3. — Sm.ill  aneurysm  of  the  aortii  origiiiatiug  at  the  junction  of  two  of  the 
aortic  cusps. 


junction  of  two  of  the  aortic  cusps,  which  were  thickened  and  calcified 
as  the  result  of  chronic  endocarditis.  A  blow  over  a  vessel  may 
extend  deeply  enough  to  injure  its  coats,  or  the  fractured  end  of  a 
bone  may  do  so.    (See  under  Traumatic  Aneurysm.) 

The  influence  of  Increase  of  blood-pressure  is  shown  by  a  number  of 
considerations.  In  severe  continued  exertion  we  find  the  most  frequent 
cause  of  increased  blood-pressure.  The  blacksmith  who  has  to  manipu- 
late a  piece  of  hot  iron  while  wielding  a  heavy  hammer,  or  the  football 
player  who  has  a  succession  of  fast  runs  to  make,  or  the  mountaineer 
who  forces  the  pace  too  much,  or  the  soldier  who  has  to  perform  long 
marches  with  heavy  accoutrements,  must  each  put  a  strain  on  his  heart 
and  larger  vessels  which  ordinary  persons  are  not  liable  to.  In  this 
connection  the  Age  at  which  aneurysms  are  most  common  is  of  import- 
ance. This  coincides  with  the  latter  part  of  the  most  active  period  of 
life.  Aneurysms  are  most  frequent  between  the  ages  of  thirty  and  forty. 
On  the  other  hand,  atheroma,  although  not  infrequent  between  these 
ages,  IS  much  more  common  after  forty.  It  wiU  be  seen  that  aneurysms 
conicide  with  the  time  of  life  when  the  period  of  greatest  bodily  vigour 

2  N 
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overlaps  the  beginnings  of  the  period  of  occurrence  of  atheroma. 
Another  circumstance  is  the  great  preponderance  of  aneurysm  in  the 
male  sex.  Atheroma  shows  a  similar  predominance,  but  not  nearly  to 
such  an  extent.  As  has  been  pointed  out  by  M'Crorie,  statistics 
bearing  on  this  point  are  not  usually  reliable,  unless  it  be  remembered 
that  males  are  more  frequently  subjected  to  post-mortem  examinations 
than  females.  But  still  when  the  differences  are  very  great  this 
factor  cannot  be  the  determining  one.  Thus  Bizot  found  in  189  cases 
of  aneurysm  171  in  males  and  18  in  females,  and  Hodgson  found  in  63 
cases  56  in  males  and  7  in  females.  The  explanation  of  this  difference 
is  chiefly  that  men  are  more  exposed  to  extremes  of  physical  exertion 
than  are  women.  On  the  same  principle  we  explain  the  greater  fre- 
quency of  aneurysm  in  some  countries  as  compared  with  others.  The 
excessive  stress  to  which  workmen  in  our  engineering  and  shipbuilding 
establishments  and  sailors  in  our  ships  are  frequently  put  in  this 
country  goes  far  to  explain  the  frequency  of  aneurysm  here. 

Another  circumstance  of  importance  is  the  Localization  of  aneurysms 
in  diff"erent  arteries.  Nearly  half  the  cases  of  aneurysm  occur  in  the 
aorta,  and  the  great  majority  of  these  in  the  tbsracic  portion.  We 
have  seen  that  atheroma  is  most  frequent  in  this  vessel,  but,  in  addition 
to  that,  the  aorta  is  most  exposed  to  the  excessive  pressure  of  the 
blood  when  the  heart  is  stimulated  to  unduly  forcible  action.  Next  to 
the  aorta  the  popliteal  artery  is  most  frequently  the  seat  of  aneurysm. 
It  has  already  been  pointed  out  that  this  vessel  is  especially  liable  to 
injury  from  sudden  flexures  of  the  leg,  especially  when  the  middle  coat 
is  rendered  brittle  by  calcareous  infiltration.  But  besides  that,  the 
vessel  is  so  situated  as  to  be  liable  to  localized  increase  of  blood- 
pressure.  As  it  issues  from  the  popliteal  space  the  artery  passes 
between  the  two  heads  of  the  gastrocnemius,  and  is  liable  to  constric- 
tion by  the  contraction  of  the  muscle.  On  this  principle  has  been 
explained  the  frequency  of  popliteal  aneurysm  in  flunkies  whose 
principal  occupation  is  to  exercise  their  gastrocnemii  in  standing. 
But  apart  from  that,  when  a  person  makes  a  severe  exertion  in  a 
standing  posture,  the  gastrocnemii  contract  vigorously,  thus  pro- 
ducing a  partial  obstruction  of  the  artery  and  an  increase  of  pressure 
above  the  obstructed  part,  while  the  general  blood-pressure  is  also 
increased. 

The  following  table  from  Crisp  gives  a  statement  of  the  frequency 
of  aneurysms  in  different  situations.  It  is  to  be  observed,  however, 
that  it  greatly  under-estimates  the  number  of  aneurysms  of  the 
cerebral .  arteries,  and  also  those  of  the  pulmonary  artery  in  phthisis 
pulmonalis : 


FREQUENCY  OF  ANEURYSMS. 


563 


Frequency  of  Aneurysms. 




051  Cases  ill 

3iH  from 

English 

London 

Records. 

AT  n  c  o  1 1  Ti~i  ^ 
.il  tirsuLiiXio. 



Aorta  thoracica  (including  arch),  - 

175 

207 

„     abdoniinalis  (and  main  branches), 

59 

46 

Art.  puhnonalis,  

•2 

2 

,,    iliaca  com.,  ------ 

2 

2 

,,    iliaca  int., 

0 

1 

,,    iliaca  ext.,  ------ 

9 

7 

,,    glutea,  ------- 

2 

0 

,,    cruralis,  ------ 

C6 

12 

,,  poplitea, 

137 

50 

,,    tibialis  postica,    -       -       -       -  - 

2 

2 

,,    innoniinata,  ------ 

20 

3 

,,    carotis,  ------ 

25 

9 

,,    cerebralis,  ------ 

,,    temporalis,  ------ 

7 

1 

1 

0 

,,    ophthalmica,  ----- 

1 

0 

,,    vertebralis,  - 

0 

1 

,,    subclavia,     .       -       -       -  - 

23 

12 

,,    axillaris,  ------ 

,,    subscapularis,      .       .       .       -  . 

IS 

8 

1 

0 

,,    brachialis,  ------ 

) 

0 

,,    radialis,       -       -       -  - 

0 

1 

(b)  The  Coats  of  the  artery  in  aneurysms. — An  aneurysm  begins 
as  a  localized  dilatation  or  as  a  little  pouching  of  a  limited  portion 
of  the  artery.  In  the  former  case  we  have  the  commencement  of  a 
fusiform,  and  in  the  latter  case  that  of  a  sacculated  aneurysm.  The 
little  pouch  which  forms  the  commencement  of  a  sacculated  aneurysm 
gradually  enlarges,  and  while  its  opening  remains  small,  it  enlarges 
outwards  in  all  directions  into  a  distinct  sac.  The  walls  of  the  sac  are 
sometimes  folded  back  around  the  aperture  so  as  to  apply  themselves 
to  the  external  surface  of  the  artery,  and  these  may  become  mutually 
adherent.  In  that  case  the  aperture  has  a  sharp  edge,  and  it  appears 
as  if  the  wall  of  the  artery  were  folded  over  so  as  to  form  the  wall  of 
the  aneurysm. 

The  Internal  coat  enters  variously  into  the  constitution  of  the 
aneurysmal  wall.  In  the  case  of  a  fusiform  aneurysm  it  is  con- 
tinuous over  the  internal  surface,  and  probably  presents  very  marked 
atheromatous  changes.  In  the  sacculated  form  it  is  usually  to  be 
traced  some  little  distance  from  the  edge  of  the  aperture  on  the 
wall  of  the  aneurysm,  and  even  in  the  midst  of  the  internal  surface 
of  the  sac  portions  of  internal  coat,  greatly  altered  as  a  rule,  may 
be  discovered. 

The  Middle  coat,  as  we  have  seen,  undergoes  atrophy  in  sacculated 
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aneurysms.  Even  in  fusiform  aneurysms  it  is  often  difficult  to  trace 
the  middle  coat  far  from  the  beginning  of  the  dilatation. 

The  External  coat,  on  the  other  hand,  may  be  regarded  as  forming 
the  chief  constituent  of  the  sac.  We  have  already  seen  that  at  the 
very  commencement  of  a  sacculated  aneurysm  inflammatory  new- 
formation  occurs  in  the  wall  of  the  vessel,  the  vascular  tissue  being 
chiefly  derived  from  fhe  external  coat.  As  dilatation  proceeds  the 
new-formation  of  tissue  goes  on,  so  that  the  sac  does  not  necessarily 
undergo  thinning  as  it  enlarges.    The  connective  tissue  of  the  external 


Fig.  304. — Poi-tion  of  a  thrombus  from  an  aortic  aneurysm  showing  stratification. 


coat  usually  makes  common  cause  with  that  of  neighbouring  structures, 
and  so  the  aneurysm  acquires  adhesions,  and  the  surrounding  structures 
come  to  form,  to  a  certain  extent,  constituents  of  the  sac. 

(c)  Thrombi  in  aneurysms.  —  Blood-clots  are  of  nearly  constant 
occurrence  in  aneurysms,  and  they  may  almost  be  regarded  as  con- 
stituents of  the  sac.  They  doubtless  aid  to  a  great  extent  in 
preventing  rupture.  Coagula  are  most  frequent  and  most  important 
in  sacculated  aneurysms.  We  meet  with  them  in  the  form  of  firm, 
dry  layers,  which  present  a  distinct  stratification,  generally  parallel 
to  the  wall  of  the  aneurysm  (see  Fig.  364).  The  coagula  often  form 
a  kind  of  sac  inside  the  proper  sac,  and  after  removal  retain  the 
shape  of  the  aneurysm.    The  coagula  are  primarily  White  thrombi. 
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The  white  blood-corpuscles  adhere  to  the  rough  internal  wall  of  the 
aneurysm,  and  after  they  have  accumulated  to  some  extent  coagulation 
occurs  and  a  thrombus  is  formed.  This  process  is  repeated,  and  the 
formation  of  fibrine  is  thus  in  successive  layers.  Not  infrequently 
the  layers  become  partially  separated,  and  the  blood  insinuates  itself 
between  them.  A  layer  of  whole  blood  is  thus  formed,  and  when 
it  coagulates  we  have  a  red  thrombus  mixed  with  the  white.  As 
time  goes  on  the  clots  become  firmer,  dryer,  and  more  stringy.  The 
layers  next  the  sac  "are  often  of  a  pearly  whiteness,  and  may  be 
taken  for  connective  tissue.  Under  the  microscope,  however,  they 
are  seen  to  be  devoid  of  definite  structure,  and  acetic  acid  brings 
out  no  elongated  nuclei  as  in  the  case  of  connective  tissue.  There 
seems  little  tendency  to  the  organization  of  these  coagula  unless  the 
whole  aneurysm  becomes  filled  and  its  cavity  obliterated  by  them. 
The  continual  distension  of  the  cavity  seems  to  interfere  with  the 
process  of  organization ;  but,  if  the  cavity  be  obliterated  by  the 
formation  of  clots,  then  organization  proceeds,  as  in  the  case  of 
thrombosis  in  an  artery,  and  by  and  by  the  aneurysm  is  converted 
into  a  connective  tissue  nodule  which  contracts  more  and  more. 

(d)  The  condition  of  branches  given  off'  at  the  seat  of  an  aneurysm 
is  a  matter  of  great  importance.  These  vessels  are  frequently  ob- 
structed, and  there  are  various  ways  in  which  this  may  come  about. 
The  atheromatous  process  may  occur  to  such  an  extent  around  the 
orifice  of  a  branch  as  to  narrow  or  even  obliterate  it.  This  is  most 
frequent  in  small  arteries  like  the  intercostals,  but  is  not  uncommon 
in  larger  branches.  Again  the  coagula  may  come  to  overlie  the 
aperture,  already  narrowed,  it  may  be,  by  atheroma.  Further,  it 
■will  be  apparent  that,  as  an  aneurysm  enlarges,  especially  a  sacculated 
one,  it  will  often  drag  on  and  contort  vessels  whose  apertures  are 
in  or  near  its  walls.  The  aperture  may  thus  be  reduced  to  a  fissure, 
and  the  edge  may  be  so  placed  as  to  valve  the  aperture.  This  is 
particularly  the  case  in  the  sacculated,  aneurysms  of  the  arch  of  the 
aorta  (see  Fig.  .365).  Soihetimes  by  the  enlargement  of  an  aneurysm 
the  aperture  of  the  branch  is  to  be  found  at  the  summit  of  the 
aneurysm.  In  that  case  the  aperture  may  be  obstructed  in  one  of 
the  ways  already  described,  ))ut  it  not  infrequently  remains  at  least 
partially  free.  The  coagula  may  even  be  tunnelled  in  order  to  allow 
the  current  to  flow  into-  the  branches  (see  Fig.  .S66).  Another  mode 
of  closure  is  by  the  pressure  of  the  aneurysm  itself  on  the  branch 
beyond  its  aperture.  If  a  branch  be  closed  in  any  of  these  ways 
It  becomes  the  seat  of  a  thrombus,  and  in  the  usual  way  becomes 
converted  into  a  s'olid  cord.    In  regard  to  the  condition  of  branches 
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it  is  to  be  observed  that  the  caneurysm  may,  as  it  were,  be  con- 
tinued into  the  branch,  the  first  part  of  the  latter  being  dilated 
along  with  the  aneurysm. 


Fig.  Sli.'i.— Completelj-  healed  aiieury.sm  nf  the  arch  of  tlic  aorta.  The  ves.sols  arisiug 
from  arch  were  much  narrowed  at  their  origin. 


Fig.  30(). -Diagrammatic  sketcli.  Aueiirjsm  of  the  abdominal  aorta  witli  clots 
tunnelled  so  as  lo  allow  the  blood  to  reach  the  branches.  The  genei-al  lie  of  the 
stratification  of  the  clots  is  shown.  The  cuiliac  a.\is  and  superior  mesenteric  artery 
are  seen  to  be  narrowed  at  their  orifices.  The  posterior  wall  of  tlie  aneurysm  is 
absent  where  it  inipmged  against  tlie  vortcbno.    Half  tlie  natural  size. 


(e)  Effects  on  the  heart. --Aneurysms  affect  the  heart  somewhat 
variously.    The  organ  is  frequently  depressed  by  tlie  mere  presence 
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Of  the  aneurysm  at  its  base.  Eoom  must  be  afforded  for  the  m- 
reasing  tumour,  and  as  the  position  of  the  aorta  forb.ds  much 
movement  upwards,  the  heart  is  pushed  somewhat  downwards.  The 
extent  of  displacement  will,  of  course,  depend  on  the  position  and 
size  of  the  aneurysm.  In  Fig.  367  is  shown  a  small  aneurysm  of 
the  first  part  of  the  aorta  which  had  exercised  pressure  upon  the 
coronary  artery.  Besides  this,  the  heart  often  undergoes  enlarge- 
ment, especially  the  left  ventricle.    It  is  clear  that  in  distending  the 


Fig.  367.— Small  aneurysm  of  the  first  piirt  of  the  aorta.    The  flattened  coronary 
artery  is  shown  crossing  the  sac. 

aneurysm  a  considerable  amount  of  the  force  of  the  left  ventricle  is 
wasted,  and  on  principles  already  considered  the  ventricle  must  act 
more  powerfully ;  the  hypertrophy  is  therefore  compensatory. 

(/)  Effects  on  parts  around. — The  effects  of  the  aneurysm  on  other 
parts  will  depend  on  the  amount  of  pressure  exercised,  and  the  nature 
of  the  structures  involved.  An  aneurysm  often  presses  on  nerves, 
causing  primarily  irritation  of  them  and  sometimes  ultimately  inter- 
ruption and  consequent  loss  of  function.  Thus  aneurysms  often 
produce  violent  pains,  and  even  symptoms  of  angina  pectoris  when 
the  nerves  of  the  heart  are  pressed  on.    By  irritation  of  the  re- 
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current  laryngeal  nerve  they  may  cause  spasm  of  the  laryngeal 
muscles,  or  by  destroying  the  nerve  lead  to  their  paralysis  Ihe 

veins-are  often  narrowed  or  completely  obstructed,  so  that  a  gLl 
variety  of  symptoms  is  produced.  When  an  aneurysm  meets  with 
a  firm  structure  such  as  bone,  it  erodes  it,  as  we  have  already  seen 
Cartilage  resists  more  than  bone,  and  in  the  case  of  an  aneurysm 
coming  against  the  vertebra,  we  often  find  the  bodies  of  the  vertebra, 
deeply  eroded,  while  the  intervertebral  cartilages  stand  prominently 


Fig.  368. — Aneurysm  of  aorta  eroding  vertebra3.    The  intervertebral  cartilages  ai-e 
seen  to  remain  prominent. 

out  between  them  (see  Fig.  368).  We  may  find  also  in  an  aneurysm 
advancing  to  the  front  of  the  chest  the  sternum  and  osseous  ribs 
much  eroded,  while  the  cartilaginous  ribs,  almost  isolated,  are  very 
little  destroyed.  In  these  cases  it  will  be  seen  that  as  the  dense 
structures  are  exposed  inside  the  aneurysm,  the  proper  wall  of  the 
latter  is,  by  so  much,  deficient,  and  the  sac  of  the  aneurysm  joins 
on  to  the  bone  round  the  edges  of  the  eroded  portion. 

(g)  Terminations  of  aneurysms. — Aneurysms  have  somewhat  various 
terminations,  much  the  commonest  being  unfortunate.  Sometimes, 
although  rarely,  a  cure  results.  This  takes  place  only  when  the 
aneurysm  becomes  completely  filled  M'ith  thrombus  (see  Figs.  365,  369, 
370,  371),  in  which  case  organi;5ation  of  the  thrombus  occurs  with 
subsequent  conversion  of  the  aneurysm  into  a  solid  nodule  of  con- 
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iiective  tissue.  The  formation  of  thrombi  is  In-ought  about  or  en- 
■couraged  in  various  ways.    By  acupuncture  the  internal  surface  may 


Fig.  3ij0.— Small  aueuvysm  of  the  first  piivt  iif  tliu  a.ntu.  The  sac  is  completely 
filled  with  firm  stratified  thrombus.  At  the  in]]ier  i«rt  of  the  figure  the  opening  of 
another  smaller  aneurysm  is  shown. 


TliV*'''  ^'''•~U'"is"'''ll.V  l;»')^e  healed  aneurysm  of  the  left  internal  carotid  artorv. 

.'^'^'y  "'"^'^  throml-nis  occupies  the  middle  line  causing  marked 

n  it  of  t^*^^^  "  "'"^'''^^'"'"■"'S  structures.    The  pituitary  body  is  shown  on  the  sum- 
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I'Mif.  MT-J.— Aiiuui-yHin  riiiituriiig  iiild  liruiiclius.  Tn  the  left  and  iibovo  is  the 
iiortii  with  the  aneurysmiil  aperturo  cxikihwI.  To  tlio  right  unci  below  iK  the  tnielieji 
liifmciitinK.  In  tlic'i  ig-lit  main  bronchus  (loft  in  figure)  i.s  an  ajjeriure  with  a  Uai> 
at  its  lower  udgc.    This  directed  the  blood  upwards. 


t?:rminations  of  aneurysms. 
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be  so  injured  as  to  promote  thrombosis.    Occlusion  of  the  artery 

by  preventing  the  rapid  renewal  of  blood  encourages  thrombosis. 
The  ^occlusion  may  be  brought  about  by  ligaturing  the  vessel.  Again 
the  artery  is  sometimes  pressed  on  by  the  bulging  aneurysm  itself, 
and  obliterated.  Or  the  aneurysm  having  burst,  the  blood  collecting 
outside,  by  its  pressure,  obliterates  the  aneurysm. 


Fig.  373. — Aneurysm  of  the  first  part  of  the  arch  uf  the  aorta  opening  into  the  pul- 
monary artery.  The  heart  and  aorta  laid  open,  showing  the  origin  of  the  aneurysmal 
sac  immediately  above  the  anterior  cusp  of  the  sigmoid  valve  :  the  aneurysm  tending 
towards  the  pulmonary  artery  which  is  seen,  laid  open,  to  the  left  of  the  drawing, 
a  probe  being  passed  from  the  sac  into  the  pulmonary  artery  by  an  ojiening  which  i.s 
not  visible  in  this  figure  but  is  prominently  displayed  in  Fig.  374.  The  small 
opening  to  the  right,  within  the  sac,  is  that  of  the  coronary  arteiy. 

But  the  majority  of  aneurysms  are  beyond  the  reach  of  surgical 
interference,  and  for  the  most  part  they  continue  enlarging  till  they 
lead  to  a  fatal  issue.  This  may  be  from  the  eifects  of  Pressure  on 
parts  around,  or  upon  the  heart,  so  that  death  may  result  from 
hypersemia  and  cedema  of  the  lungs,  from  general  venous  engorge- 
ment and  cedema,  from  marasmus,  and  so  on. 

The  aneurysm  sometimes  ends  by  Rupture,  which  occurs  in  various 
directions  according  to  the  circumstances  of  the  aneurysm.    It  may 
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So  ion    o    .  rt^'"^'^  ^'^       -  —  -  P- 

amount  o  ^  ^^^^^  ^/the 

amount  of  pressure  ,t  exercises,  will  probably,  by  its  irritation,  and 

LTr^T'"'""'^""""'''''  ^^^P^"^^^  '^'■g^"^'  P^^duce  sufficient 

support.  When  rupture  occurs  it  is  either  into  a  cavity  of  the  body 
as  the  sac  of  the  pericardium,  the  pleura,  an  auricle  of  the  heart' 
etc.;  or  into  a  canal,  as  the  trachea,  bronchus  (see  Fig.  .372)  or 
another  blood-vessel,  such  as  the  pulmonary  artery  (see  Figs  373 


Fig.  374.— The  aneurysm  as  seeu  from  the  pulmuiiiuy  arter\-,  with  a  somewhat 
ragged  opening  into  the  right  ventricle  (just  below  the  valve),  through  which  the 
]irobe  is  seen  to  be  passed  in  Fig.  373.  The  posterior  cusp  of  the  valve  of  the  pul- 
monary artery  is  seen  stretched  over  the  sac.    The  cut  edge  of  the  aorta  is  seeu  behind. 

374),  or  into  the  substance  of  an  organ,  as  the  lung  or  brain;  or 
among  the  muscles  or  connective  tissue  of  a  part.  The  mode  in 
which  the  rupture  comes  about  varies  somewhat.  The  aneurysm 
may  rupture  into  a  cavity  or  on  the  surface  of  the  body  for  want 
of  support  to  its  wall,  a  tear  occurring  by  and  by  in  the  sac.  Or 
the  aneurysm  may  undermine  a  mucous  membrane  or  the  skin,  and 
produce  a  necrosis,  rupture  occurring  on  the  separation  of  the  slough 
(as  in  Fig.  372).    Or  the  aneurysm  may  induce  inflammation  of  the 
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mucous  membrane,  and  the  softened  tissue  may  give  way.  Again, 
in  the  case  of  an  aneurysm  meeting  an  osseous  structure  a  gap 
occurs  in  the  wall  of  its  proper  sac,  as  mentioned  above,  and  the 
edge  of  the  sac  may  become  detached  from  the  bone,  and  so  occasion 
a  rupture.  The  rupture  is  not  usually  at  the  very  first  fatal ;  there 
is,  to  begin  with,  a  slight  leakage  of  blood  through  irregular  aper- 
tures which  get  occasionally  closed  with  blood-clot.  But  from  some 
accidental  increase  of  blood-pressure  or  other  cause  the  aperture  is. 
enlarged,  and  a  fatal  heemorrhage  is  the  result.  Or  death  comes, 
from  exhaustion  due  to  the  prolonged  drain  and  the  interference 
with  function  that  the  aneurysm  otherwise  produces. 

Aneurysms  of  the  Ascending  aorta  are  most  liable  to  burst  into  the  pericardium,, 
but  they  also  rupture  into  pleura,  lung,  oesophagus,  vena  cava  superior,  pulmonary 
artery,  auricle,  ventricle,  or  externaUy.  Those  of  the  Arch  of  the  aorta  rupture 
into  the  trachea  or  bronchi  most  frequently,  but  also  into  the  pericardium  and  on 
other  neighbouring  surfaces.  The  aneurysms  of  the  Thoracic  aorta  rupture 
chiefly  into  the  pleuras,  but  also  into  the  oesophagus,  bronchi,  and  lungs.  Those 
of  the  Abdominal  aorta  mostly  rupture  behind  the  peritoneum,  and  enormous 
quantities  of  blood  may  accumulate  beneath  that  membrane,  bulging  it  and  the 
abdominal  contents  forwards.  There  may  be  a  subsequent  tear  of  the  peritoneum, 
and  blood  is,  in  that  case,  present  in  the  abdominal  cavity.  Abdominal  aneurysms 
also  rupture  into  the  left  pleura,  inferior  vena  cava,  lungs,  colon,  pelvis  of  kidney^ 
and  posterior  mediastinum. 

8.  Special  forms  of  aneurysms. — There  are  certain  lesions  to  which 
the  name  aneurysm  is  commonly  given,  but  which  do  not  accord  with 
the  description  given  above. 

(a)  Cirsoid  aneurysm  and  the  Aneurysm  by  anastomosis  are  some- 
what allied  forms.  The  Cirsoid  aneurysm  is  sometimes  called  varix 
arterialis,  and  the  name  is  suggestive  of  the  condition  presented.  A 
portion  of  artery  with  its  branches  becomes  elongated  and  widened, 
and  the  vessels  become  convoluted  like  varicose  veins.  Sometimes  the 
dilatation  extends  to  the  corresponding  capillaries  and  veins.  This, 
form  of  aneurysm  occurs  most  frequently  in  the  arteries  of  the  scalp 
and  face,  especially  the  temporal  and  occiijital,  and  the  enlarged  and 
tortuous  vessels  are  to  be  felt  under  the  skin.  The  Aneurysm  by 
anastomosis  is  almost  an  arterial  vascular  tumour.  There  is  enlarge- 
ment and  lengthening  of  a  large  number  of  small  arteries,  with  probably 
new-formation  of  arteries,  and  the  mass  of  vessels  can  be  felt  like 
pulsating  worms  under  the  sldn.  The  enlargement  may  extend  to  the 
capillaries.  The  affection  forms  a  distinct  growth  of  a  bluish-red  colour, 
with  a  somewhat  granular  surface.    Its  most  frequent  seat  is  the  scalp. 

(b)  Traumatic  aneurysm.— This  arises  in  consequence  of  an  injury 
to  a  vessel.    An  injury  has  been  sustained,  and  after  a  longer  or 
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shorter  period  an  aneurysm  appears.  The  mode  in  which  such 
aneurysms  ansa  varies.  In  some  cases  an  artery  is  wounded,  and  tJe 
blood  makes  a  cavity  for  itself,  constituting  a  Spurious  aneurysm 
The  cavity  remains  in  communication  with  the  artery,  and  forms  a 
land  of  aneurysmal  sac.  This  is  not  a  common  result  of  wounds  of 
arteries  as  these  usually  close,  but  it  does  occur,  and  most  readily 
when  the  wound  has  been  an  oblique  or  longitudinal  one.  It  may 
result  from  a  penetrating  wound  of  such  a  form  as  to  prevent  the 
■escape  of  the  blood  from  the  surface,  or  it  may  result  from  a  broken 
bone  tearing  the  coats. 

But  there  are  some  cases  of  traumatic  aneurysm  which  are  more 
slow  of  formation  and  in  which  it  is  not  probable  that  any  distinct 
tear  through  the  whole  coats  has  occurred.    In  the  fully  developed 
aneurysm  it  is  impossible  to  trace  the  exact  mode  of  origin,  but  it 
IS  probable  that  in  many  cases  a  fractured  bone  projected  against  a 
vessel  injures  or  even  ruptures  the  middle  coat,  and  possibly  the 
internal  as  well.    We  know  that  in  applying  a  ligature  those  two 
■coats  give  way,  and  we  can  conceive  a  violent  force  applied  to  the 
wall  producing  the  same  result.    A  simple  blow  may  act  in  a  similar 
way,  but  it  will  do  so  the  more  readily  if  the  middle  coat  be  already 
brittle  from  calcareous  infiltration.    Many  of  the  aneurysms  of  the 
femoral  and  popliteal  arteries  are  referred  to  blows  and  injuries; 
but  these  are  not  all  to  be  regarded  as  pure  traumatic  aneurysms, 
■as   the  arterial  coats  are  frequently  so  altered  by  atheroma  and 
calcareous  infiltration  that  the  injury  seems  to  be  merely  the  deter- 
mining cause. 

Traumatic  aneurysms,  as  appears  from  what  has  been  said  as  to 
their  origin,  have  usually  less  defined  sacs  than  spontaneous  ones. 
'This  is  especially  the  case  in  those  which  arise  directly  from  wounds. 

(c)  Dissecting  aneurysm.— In  this  form  the  blood  is  not  in  a  distinct 
•sac,  but  is  within  the  coats  of  the  artery  itself,  a  false  passage  being 
formed  amongst  the  layers  of  the  middle  coat.    The  blood  finds  its 
way  into  this  situation  by  rupture  of  the  intima  and  internal  layers  of 
the  media  (see  Fig.  375).    It  sometimes  arises  from  an  injury,  and  is 
thus  a  traumatic  aneurysm,  but  it  more  frequently  occurs  spontaneously, 
and  it  is  frequently  multiple.    The  author  has  met  -vdth  a  case  in 
which  there  were  four  separate  dissecting  aneurysms  on  the  aorta 
and  its  branches.     It  may  be  inferred  from   this  fact  that  the 
condition  is  often  due  to  an  abnormal  brittleness  of  the  internal 
coat,  apparently  not  from  atheroma  or  any  other  definite  disease 
•of  the  coat,  but  an  inheiited  or  acquired  brittleness.    The  internal 
•coat  is  torn  through,  and  the  blood  passes  among  the  fibres  of  the 
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middle  coat.  It  is  not  that  the  middle  coat  is  dissected  up  from 
the  internal  coat,  but  the  layers  of  the  middle  coat  itself  are 
separated,  and  the  blood  lies  between  an  external  and  an  internal 


Pig.  375. — Rupture  of  aorU  with  commencing  dlssectiug  aueuiysm.  An  elongated 
rupture  is  shown  in  the  atheromatous  aorta.  An  accumulation"  of  blood  i.s  seen  in 
the  layers  of  the  middle  coat  at  the  lower  cut  edge  of  the  vessel. 

layer  of  the  middle  coat,  as  in  Figs.  .376,  377,  378.  The  splitting  up 
of  the  middle  coat  may  be  carried  a  considerable  distance,  and  after 
passing  along  in  the  wall  of  the  vessel  the  blood  may  make  another 
tear  in  the  internal  coat  and  pass  back  into  the  vessel.  The 
aneurysm  may  thus  come  to  have  two  apertures,  and  a  condition 
may  occur  as  if  the  vessel  were  formed  of  a  double  tube,  divided 
longitudinally  by  a  septum  composed  of  the  internal  and  a  part  of 
the  middle  coat  (see  Fig.  377).  The  circulation  may  even  be 
carried  on  to  a  great  extent  through  the  aneurysm,  the  blood 
passing  in  at  the  original  aperture  and  out  at  the  secondary  one. 
In  the  case  already  referred  to  and  partly  shown  in  Fig.  377,  one 
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loMn  mto  the  ,  ,ac  arter.cs.  There  M^ere  two  apertures,  one  in 
the  thoracic,  an<l  the  other  far  doM^n  in  the  abdoniinal  a;rta,  and 
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Fig.  370.— Dissecting  aneurysm  of  aorta.  Posterior  aspect  of  heart.  A  large  rup- 
ture, angular  in  form  is  .shown.  Somewhat  pale  coagula  arc  seen  between  the  la  vers 
of  the  inertia. 

between  these  the  aneurysm  had  evidently  carried  on  the  circulation 
to  a  greater  extent  than  the  natural  channel.  The  approximation  of 
such  an  aneurysm  in  character  to  the  regular  channel  is  still  further 
increased  by  the  fact  that  the  aneurysm  by  and  by  acquires  an 
internal  lining  resembling  the  intei-iial  coat.  It  is  a  homogeneous 
membrane  of  about  the  thickness  of  the  internal  coat,  so  that  in  a 
section  it  may  be  difficult,  even  under  the  microscope,  to  say  whether 
a  particular  place  is  the  Avail  of  the  vessel  or  the  wall  of  the  aneurysm 
(see  Fig.  378).  In  that  case  the  proper  calibre  of  the  artery  may 
become  considerably  narrowed. 
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Fig.  377.— Dissecting  aneurysm  of  aorta.  In  A,  a  longitudinal  section  shows  the 
two  tubes,  the  uatural  calibre  (i,  and  the  aneurysmal  one  6  b,  the  latter  largely 
occupied  by  clot.  The  hollow  of  the  arch  is  largely  occupied  by  a  clot  at  c,  there 
being  here  a  partial  rupture  of  the  coats.  B  is  a  transverse  section.  The  proper 
calibre  is  greatly  reduced,  and  the  separation  has  extended  round  about  throe-fourth.s 
of  the  circumference.    (From  a  preparation  in  the  Western  Infirmary  Museum.) 
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Dissecting  aneurysms  being  confined  to  the  wall  of  the  vessel  appear 
externally  as  thickenings  or  dilatations  of  the  wall,  and  they  may 
produce  bulging  or  bagging  of  the  vessels  to  a  remarkable  degree 
Occasionally  a  dissecting  aneurysm  tears  through  the  remaining  layers 
of  the  middle  coat  and  the  external  coat,  and  so  a  spurious  aneurysm 
IS  attached  to  a  dissecting  one. 

(d)  Varicose  aneurysm  is  a  term  applied  to  the  case  in  which  an  artery  and  a 
vein  acquire  a  permanent  abnormal  communication.  It  may  arise  spontaneously 
or  traumatically.  This  form  used  to  be  not  uncommon  at  the  bend  of  the  elbow 
when,  in  performing  venesection,  the  lancet  wounded  artery  and  vein  together  It 
occurs  spontaneously  when  an  aneurysm  ruptures  into  a  vein.  In  some  cases  there 
IS  an  actual  aneurysmal  sac  between  artery  and  vein,  and  to  this  form  the  name 
Varicose  aneurysm  is  more  properly  applied.  But  the  communication  may  be 
direct,  and  while  the  artery  is  little  dilated  the  vein  is  enlai:ged,  tortuous,  and 
pulsating.  To  this  form  the  name  Aneurysmal  varix  is  applied.  The  interference 
with  the  venous  current  produced  by  the  violent  injection  of  the  arterial  blood, 
especially  if  it  be  suddenly  produced,  may  lead  to  serious  venous  engorgement  and 
cedema,  which  may  even  have  a  fatal  issue.  Spontaneous  communications  of  this 
kind  have  been  observed  in  cases  of  bursting  of  aneurysms  between  the  aorta  and 
venre  cavte,  between  the  crural  and  popliteal  arteries  and  the  corresponding  veins, 
between  the  splenic  artery  and  azygos  vein,  and  between  the  internal  carotid  and 
the  sinus  cavernosus. 

9.  Syphilitic  and  Tubercular  affections  of  arteries.— These  arise 
usually  by  extension  of  the  infective  process  to  the  arteries,  and  are 
generally  part  of  a  larger  and  more  pronounced  lesion. 

Syphilitic  affections  of  the  arteries  occur  in  the  neighbourhood  of 
gummata,  more  especially  of  the  brain  and  its  membranes.  There  is  an 
extension  of  the  specific  inflammation  to  the  walls  of  the  artery,  so  that 
the  coats  are  infiltrated  with  leucocytes.  The  internal  coat  may 
undergo  great  thickening,  so  that  the  condition  resembles  that  in 
obliterating  endarteritis  (see  Figs.  58  and  59,  pp.  183,  184).  A  more 
unusual  syphilitic  lesion  is  a  localized  inflammation  of  an  artery 
without  the  presence  of  a  gumma  in  the  neighbourhood.  The  artery 
is  thickened  and  has  a  cartilaginous  consistence,  while  the  calibre  is 
greatly  reduced.  This  condition,  which  occurs  chiefly  in  the  arteries 
of  the  brain,  resembles  atheroma  of  these  vessels,  but  is  more  limited 
in  its  distribution. 

There  is  considerable  doubt  as  to  the  existence  of  a  special  gummatous  end- 
arteritis as  described  by  Heubner,  and  the  influence  of  syphilis  in  affecting  the 
arteries  has  been  exaggerated.  A  lesion  of  an  artery  is  not  to  be  regarded  as 
syphilitic  unless  it  be  either  directly  connected  with  a  syphilitic  lesion,  or  in  the 
absence  of  a  general  atheroma,  is  associated  with  syphilitic  disease  elsewhere. 

Tuberculosis  of  organs  not  infrequently  extends  to  their  arteries. 
The  ■wall  of  the  artery  is  infiltrated  with  leucocytes  and  its  tissue 
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opened  out  and  softened.  There  may  result  aneurysm  or  even  hemor- 
rhage, although  the  advancing  tuberculosis  usually  closes  the  artery  by 
thrombosis.    (See  under  Tuberculosis  of  the  lungs.) 

Literature.-CBisp,  Treatise  on  structure,  diseases,  and  injuries  of  blood-vessels, 
1847  ;  KosTBE,  Pathogenese  d.  Endarteritis,  1874  ;  FriedlSnder  (Arteritis  obliterans) 
Virch  Arch.,  Ixiii.,  355;  Stilling,  Heiluug  durchschlungener  Gefasse,  1834; 
Thoma  (Arteries  in  stumps),  Virch.  Arch.,  xoiii.,  also  (Atheroma)  Virch.  Arch.,  civ., 
cv.,  cvi. ;  Weber,  Pitha  and  Billroth's  Handb.,  Bd.  i.,  Abth.  1 ;  Cornil  et  Eanvier, 
2nd  ed.,  1881,  i.,  598  ;  Paget,  Lect.  on  surg.  Path.  ;  Paul  (Ossification)  Path.  Trans., 
1886;  Coats,  (do.)  Glasg.  Med.  .Jour.,  Ap.,  1887;  Cohn,  (do.)  Virch.  Arch.,  cvi., 
378.  Ajietirysm—BizoT,  M6m.  de  la  Soc.  med.  d'observation,  vol.  i.,  1836;  Hodgson, 
Lect.  on  dis.  of  art.  and  veins,  1815 ;  Crisp,  loc.  cit. ;  Broca,  Des  aneurysmes, 
1856;  Koster,  Berl.  klin.  Wochenschr.,  1879  ;  Coats  and  Auld,  Brit.  Med.  Jour., 
1893,'  ii.,  p.  456,  and  Journ.  of  Path.,  1895;  Gairdner,  Allbutt's  System  of 
medicine,  vol.  vi.,  1899;  Trans.  Path,  and  Clin.  Soc.  Glasgow,  vi.  and  vii.,  1897, 
1898.  Tuberculosis— Smo-EBE,  Centralb.  fiir  Bakter,  viii.,  1897;  Bltimer,  Amer. 
Jour.  Med.  Sciences,  cxvii.,  1899.  Syphilis— Ai^hBVTT,  St.  Geo.  Hosp.  Rep.,  iii., 
iv.,  Heubner,  Die  luetische  Erkrankung  der  Hirnarterien,  1874;  Baumgartbn, 
Virch.  Arch.,  Ixxiii. ;  Huber,  ibid.,  Ixxix. ;  Abramow,  Ziegler's  Beitriige,  xxvi., 
1899. 


II.— DISEASES  OF  THE  VEINS. 

1.  Thrombosis. — This  is  of  very  frequent  occurrence  in  veins.  The 
full  description  of  this  process  in  a  previous  section  applies  especially  to 
the  veins.  As  the  blood  in  the  veins  is  normally  at  a  low  pressure  and 
flows  slowly,  it  is  readily  brought  to  a  standstill,  especially  in  the 
pouches  of  the  valves.  Hence,  any  cause  which  produces  prolonged 
passive  hyper£emia  or  weakness  of  the  circulation  is  apt  to  induce 
thrombosis.  Thrombosis  is  also  a  result  of  inflammation  of  veins,  such 
inflammation  being  mostly  septic. 

Thrombosis  induces  an  Inflammation  of  the  wall  of  the  vein, 
whether  the  thrombus  be  specially  irritating  or  not.  In  the  case  of 
a  simple  thrombus  its  presence  induces  a  chronic  inflammation  which 
extends  through  the  Avail  of  the  vein  to  its  adventitia  and  surrounding 
connective  tissue.  There  are  thus  Adhesions  formed  between  the  vein 
and  its  sheath,  and  these  may  extend  to  the  sheath  of  the  neighbouring 
artery,  causing  considerable  matting  around.  A  vein  containing  an  old 
thrombus  is  therefore,  as  a  rule,  somewhat  difficult  to  dissect  clean  from 
the  surrounding  tissue.  Thrombi  in  veins  not  infrequently  become 
organized,  and  there  may  be  a  partial  restoration  of  the  calibre  in  the 
manner  described  at  pp.  83,  84.    (See  also  Fig.  379.) 

2.  Inflammation  of  veins.  Phlebitis.— The  simplest  form  of 
phlebitis  is  that  just  referred  to  in  which  a  thrombus  causes  a  chronic 
inflammation  of  the  wall  of  the  vein.    We  may  also  have  an  inflam- 


580 


AFFECTIONS  OF  VEINS. 


niation  of  the  wall  from  inflammations  in  the  neighbourhood  which 
may  or  may  not  induce  thrombosis  secondarily. 

Septic  phlebitis  or  Thrombo-phlebitis.  Pyaemia.— These  conditions 
were  formerly  of  frequent  occurrence  and  much  discussed  in  medical 
literature.  Thrombo-phlebitis  usually  results  from  the  entrance  of 
septic  matter  into  a  vein,  the  mouth  of  which  lies  open  in  a  wound, 
but  it  may  occur  from  the  extension  of  a  septic  inflammation  along  the 
sheath  of  the  vein  and  thence  inwards. 


I 

/ 

/ 

/ 

Fig.  3V9.  Two  veins  with  organized  thrombi  in  tliem.  The  thrombi  contain  large 
channels  bj'  which  the  circulation  is  restored,    x  S. 


Septic  matter  introduced  into  the  calibre  of  a  vein  induces  coagula- 
tion of  the  blood  which,  from  the  circumstances  of  the  case,  is  usually 
already  stagnant.  The  thrombus  thus  formed  is  not  a  simple  one,  but 
contains  septic  microbes,  namely,  pyogenic  micrococci.  There  is  thus 
a  strong  irritant  inside  the  vein,  and  this  induces  an  acute  inflam- 
mation of  its  wall.  There  is  an  exudation  of  leucocytes  and  of 
serum,  which  accumulates  in  the  interstices  of  the  wall  and  infiltrates 
the  external  and  middle  coats.  The  exudation  rapidly  becomes 
purulent,  and  the  coats  are  still  further  opened  out.  Viewed  from 
within  there  may  be  little  collections  of  pus  visible  beneath  the  internal 
coat  like  pustules.  This  passes  into  the  calibre  of  the  vein,  and  as 
the  thrombus  softens  the  vein  will  often  come  to  be  filled  with  pus. 
The  softening  of  the  thrombus  is  partly  the  result  of  the  presence  of  the 
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pas,  and  partly  arises  from  septic  decomposition.  The  contents  of  the 
vein,  by  the  softening  of  the  thrombus,  are  allowed  to  pass  into  the 
circulation,  although  fresh  thrombosis  may  from  time  to  time  shut  them 
off.  The  phenomena  of  Pyaemia  result  from  the  carriage  of  septic 
matter  by  the  blood  and  the  consequent  infection  of  distant  parts. 
From  the  veins,  the  most  direct  connection  is  with  the  lungs,  where 
septic  embolism  is  set  up.  .But  there  is  frequently  an  extension  beyond 
the  lungs  by  the  systemic  arteries  to  heart,  kidneys,  etc. 

Literature. — Hunter,  Works,  edited  by  Palmer,  1837,  iii.,  581;  Hodgson,  Dis. 
of  art.  and  veins,  1815;  Eokitansky,  Handb.  der  path.  Anat.,  ii.,  1844;  Vibchow, 
Ges.  Abhandl.,  1857 ;  Ebeling,  Ueber  Phlebitis,  1880;  Panton,  Uterine  phlebitis, 
Glasg.,  1840 ;  Lee,  Origin  of  inflam.  of  veins,  1850. 

3.  Varix  or  Phlebectasis. — Varix  is  dilatation  of  veins  just  as 
aneurysm  is  dilatation  of  arteries. 

Causation.— We  saw  that  some  weakening  of  the  wall  is  always 
necessary  to  the  occurrence  of  aneurysm,  but  no  such  condition  is 
required  in  the  production  of  varicose  .veins,  although  a  certain  loose- 
ness of  texture,  in  some  cases  hereditary,  undoubtedly  predisposes.  The 
walls  of  veins  are  already  thin,  and  the  blood-pressure  within  them  is 
low.  In  the  case  of  the  veins  of  the  skin  we  are  familiar  with  the  fact 
that,  as  a  rule,  the  blood-pressure  is  not  sufficient  to  overcome  the 
atmospheric  pressure  to  any  considerable  extent  and  the  veins  are 
flattened  or  partially  collapsed,  a  slow  and  weak  current  passing 
through  them.  The  circulation  must  be  considerably  excited,  or  the 
veins  must  be  obstructed  in  order  to  make  them  stand  out  as  cylinders 
under  the  skin.  Such  being  the  case  it  may  be  conceived  that  the 
thin-walled  veins,  accustomed  to  a  slight  blood-pressure,  will  readily 
dilate  when  exposed  to  an  increased  blood-pressure.  Varix  is  always 
due  to  some  cause  which  is  calculated  to  increase  the  blood-pressure 
within  the  veins,  such  as  obstruction  of  the  veins  by  thrombi,  tumours, 
the  gravid  uterus,  passive  hyperajmia  from  heart  disease,  and  so  on. 

Character  of  the  changes.— In  the  early  stages  of  varix,  as  may 
frequently  be  seen  in  the  legs,  there  is  simply  an  exaggeration  of 
this  natural  dilatation  above  the  valves.  When  we  stand  erect  the 
column  of  blood  in  the  veins  of  the  legs  is,  as  it  were,  supported  at 
each  valve,  and  the  downward  pressure  tells  on  the  valve  and  the 
portion  of  the  vessel  forming  the  valvular  sinus.  Hence  this 
part  of  the  vessel  - is  the  first  to  dilate  when  the  blood-pressure  is 
increased  and  the  first  sign  of  varix  is  an  exaggeration  of  the  knotted 
state  of  the  veins.  At  the  outset  each  valve  forms  a  kind  of  fixed  point, 
tne  dilatation  occurring  at  its  level,  and  dimini,shing  as  the  valve  next 
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above  IS  approached.  As  the  dilatation  increases  and  extends  up  from 
the  valve,  the  vein  increases  in  length  as  well  as  in  calibre,  and  in  order 
to  be  accommodated  it  begins  to  form  Curves  or  Convolutions.  Thus 
begin  those  sinuosities  which  are  so  characteristic  of  varicose  veins,  and 
which  tend  to  increase  as  time  goes  on  (see  Fig.  380).    The  dilatation 

of  the  vein  has  a  tendency  to  render 
the  valves  incompetent,  and  this 
occurs  all  the  sooner  as  the  region 
of  the  valves  is,  as  we  have  seen,  the 
part  where  the  pressure  is  most 
exercised .  W  hen  the  valves  become 
incompetent  the  pressure  tells  much 
more  on  the  walls  of  the  veins,  as 
the  column  of  blood  is  now  arrested, 
at  longer  intervals.  The  pressure 
acts  most  on  the  dependent  parts 
of  the  sinuosities,  and  increases 
the  projection  of  these.  In  this 
way  we  may  have  wide  sinuses  with 
their  convexity  downwards,  and  in 
some  cases  even  diverticula  or 
pouches  projecting  from  the  veins 
(see  Fig.  381).  In  these  exaggerated, 
dilatations  the  blood  stagnates 
greatly,  and  it  is  not  uncommon  for 
Thrombosis  to  occur.  The  vein  is 
obstructed  more  or  less  completely 
by  the  thrombus,  which  may  organ- 
ize. On  the  other  hand,  the  latter 
Fig.  3so.-varicose  veins  of  leg.  ^^^^^  ^^.^^  becomcs  impreg- 

nated with  lime  salts.  In  this  way  varicose  veins  frequently  become 
the  seat  of  vein-stones  or  Phleboliths.  These  are  not  infrequent 
in  the  prostatic  and  uterine  veins  (see  Fig.  382). 

Chronic  inflammation  is  common  in  the  tissues  around,  varicose  veins 
wherever  they  may  be,  and  so  in  the  skin  we  often  have  very  persistent 
eczema  vnth  a  brown  coloration  of  the  skin,  which  may  be  referred,  to 
hfemorrhage  by  diapedesis  from  the  hypersemic  vessels.  The  skin  is 
indurated  and  thickened,  and  this  along  with  the  swelling  of  the  veins 
may  be  so  great  as  to  produce  an  appearance  like  that  in  elephantiasis. 
Ulceration  is  often  induced,  and  the  ulcer  is  sometimes  deep  and  slug- 
gish, and  may  persist  for  years.  There  is  sometimes  great  thickening 
of  the  walls  of  the  swollen  veins  at  the  base  of  varicose  ulcers.   This  is. 
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(s?e  Rg'tsS)'^"'^'"''''''^  thickening  to  resist  the  excessive  pressure 

A  varicose  vein  may  burst.  It  may  be  opened  by  the  ulcerative 
process,  or  it  may  come  to  the  surface  and  by  its  increasing  dilatation 
at  last  rupture.  In  the  case  of  the  leg  the  results  are  sometimes  ex- 
ceedingly serious.  As  one  effect  of  the  dilatation  is  to  render  the  valves 
incompetent,  the  veins  of  the  entire  leg  may  come  to  be  virtually  devoid 
ot  valves.  But  the  veins  inside  the  abdomen  are  normally  devoid  of 
valves,  and  so  it  may  happen  that  from  the  lower  part  of  the  leg  up  to 


Pig.  383. — Vein  with  hyijertrophy  of  its  wall  from  the  base  of  a  varicose  ulcer,    x  18. 


the  heart  there  may  be  a  single  column  of  blood  without  an  arresting 
valve.  If  now  a  vein  rupture  in  the  leg,  the  whole  system  up  to  the 
heart  may  be,  as  it  were,  tapped,  and  if  the  person  is  in  the  erect 
posture  a  fatal  haemorrhage  may  result.  The  haemorrhage  will  cease  if 
the  person  lies  down,  but  cases  have  been  known  iti  which  an  immense 
amount  of  blood  has  been  shed  into  the  boots  without  warning. 

HsBmorrhoids  are  varicose  veins  of  the  lower  rectum.  At  the  lower 
part  of  the  rectum  a  network  of  small  veins  surrounds  the  bowel,  lying 
immediately  under  the  mucous  membrane.  These  veins  communicate 
with  the  inferior  mesenteric  vein,  Avhich  is  a  tributary  of  the  portal  vein 
and  with  the  internal  iliac,  which  is  a  tributaiy  of  the  vena  cava.  Any 
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Obstruction  in  the  portal  circulation,  or  abnormal  pressure  within  the 
IbcWn  is  apt  to  induce  dilatation  of  this  hemorrhoidal  V^^^^  J^^ 
dilated  veins  push  the  mucous  membrane  before  them  and  P  otrude 
as  bluish  nodules  either  immediately  within  or  without  the  anus 
They  may  assume  considerable  dimensions.  The  knots  are  composed 
orilally  of  a  congeries  of  small  convoluted  veins  (Fig.  384,  B,  which 
ma^  communicate  so  as  to -form  a  kind  of  cavernous  tissue  but  some- 
times there  are  large  ones  (Fig.  384,  A).  Through  time  the  mucous 
membrane  undergoes  alterations.  The  piles  at  each  movement  of  the 
bowels  are  exposed  to  mechanical  irritation,  and  so  the  mucous  mem- 
brane is  almost  constantly  in  a  state  of  catarrh.  Then  at  intervals 
when  the  blood-pressure  is  unusually  great  by  reason  of  an  attack  ot 
inflammation  or  otherwise,  the  veins  rupture,  and  so  there  is  bleeding, 


Fit?  3S4  — HiBmorrhulds  of  rectum,  in  section,  natural  size.  /•  is  internal  surface  of 
rectum  and  m  the  mucous  membrane  continued  over  the  bsemorrhoid.  At  vi  is 
renreseuted  the  muscular  coat,  the  dilu  ted  veins  being  in  the  submucous  tissue.  At 
^  the  veins  are  few  but  much  dilated,  one  especially  so,  just  beneath  the  mucous 
membrane.  At  .6,  the  dilated  veins  are  more  numerous,  but  smaller.  Both  occurred 
in  the  same  case.  (Virohow.) 

both  in  the  substance  of  the  mucous  membrane  and  on  to  the  surface. 
The  htemorrhoids  thus  become  greatly  altered.  They  become  condensed 
from  inflammatory  new-formation  of  connective  tissue.  They  sometimes 
become  the  seat  of  collections  of  blood,  which  may  form  blood  cysts. 
Phleboliths  may  also  form  in  the  veins.  More  severe  inflammations 
sometimes  occur,  resulting  in  abscesses,  fissures,  fistulas,  or  ulcers. 

Varicocele  is  a  dilatation  of  the  veins  of  the  spermatic  cord  and  the 
external  scrotal  veins.  It  aff"ects  in  a  greatly  preponderating  proportion 
the  left  side,  the  explanation  of  this  being  apparently  that  the  left 
spermatic  vein  has  a  circuitous  course,  and  enters  the  renal  vein  at  a 
right  angle,  while  the  right  opens  into  the  lower  vena  cava.  The  vari- 
cosity generally  begins  at  the  external  inguinal  ring,  and  extends 
downwards  as  far  as  the  testicle.  There  is  not  infrequently  atrophy  of 
the  testicle,  and  sometimes  hydrocele  or  hsematocele, 

Varix  may  occur  in  other  veins,  such  as  those  of  the  Neck  of  the 
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b  adder  and  Prostate.  It  is  also  met  with  in  the  female  in  the  Vesical 
plexus  and  veins  of  the  Vagina,  and  this  may  be  combined  with  varix 
of  the  Broad  ligament  (see  Fig.  382).  Varicosity  also  occurs  in  the 
veins  of  the  Dura  mater. 

4.  New-formations  in  veins.— Syphilis  rarely  attacks  veins,  but  a 
gummatous  inflammation  has  been  observed  in  the  portal  vein  and  in 
the  umbilical  vein  in  new-born  children.  Leprosy  may  attack  the  large 
veins  of  the  extremity. 

Tuberculosis  affects  veins  in  organs  which  are  the  seat  of  this  process, 
and  produces  results  similar  to  those  in  arteries.  As  the  walls  of  veins 
are  thin  the  process  more  readily  penetrates  to  their  calibre,  and  the 
tubercle  bacillus  may  thus  find  entrance  to  the  blood.  Tuberculosis  of 
veins  is  the  most  frequent  cause  of  general  tuberculosis,  as  already 
described. 

Primary  tumours  of  veins  are  excessively  rare.  A  few  cases  of  small 
Myomata  have  been  described,  and  a  larger  tumour  which  was  regarded 
as  a  myo  sarcoma  (Perl).  Tumours  not  infrequently  penetrate  into 
veins,  on  account  of  the  thinness  of  their  walls,  but  do  not  produce 
tumours  in  them. 

Literature. — Bhodie,  Lectures  on  Path,  and  Surgery,  1846;  Nunn,  Varicose  veins 
and  ulcers,  1852  ;  Chapman,  On  varicose  veins,  1856 ;  Gay,  Varicose  dis.  of  lower 
extrem.,  1868;  A.  Coopbb,  On  spermatocele,  Guy's  Hosp.  Eep.,  vol.  iii.  ;  Virchow, 
Virch.  Arch.,  iii. ;  Cohnheim,  ibid.,  xxxvii.;  Kosteb  (Phlebectasis  in  intestine),  BerL 
klin.  Wochenschr.,  1879  ;  Lessee,  Virch.  Arch.,  ci.  ;  Epstein,  ibid.,  cviii. ;  Perl. 
ibid.,  liii. 


SECTION  II.— Continued. 


C.-DISEASES  OF  THE  LYMPHATIC  SYSTEM  AND  SPLEEN. 

I  The  Lymphatic  Vessels. -Inflammations.  Tuberculosis.  Dilatation  from  ob- 
struction of  the  thoracic  duct  and  other  stems.  Tumours,  includmg  second- 
ary cancer.  II.  The  Lymphatic  Glands.— 1.  Their  structure  and  general 
pathology.  2.  Degenerations.  3.  Pigmentation  leading  to  induration.  4. 
Acute  lymphadenitis,  Bubo.  5.  Chronic  lymphadenitis.  6.  Tuberculosis, 
primary  and  secondary.  7.  Syphilis.  8.  Tumours.  III.  The  Spleen. -Its 
structure.  Malformations  and  malpositions.  Active  congestion  and  inflam- 
mation ;  the  acute  splenic  tumour.  Chronic  inflammation;  the  chronic 
splenic  tumour.  Passive  hyperfemia.  The  embolic  infarction.  Rupture. 
Amyloid  disease  ;  the  sago  spleen ;  the  lardaceous  or  waxy  spleen.  Tuber- 
culosis, syphilis,  and  tumours. 

I.— THE  LYMPHATIC  VESSELS. 

T/TTE  have  already  had  occasion  to  observe  that  the  lymphatic 
system  is  intimately  related  to  the  blood-vascular  system,  and 
may  be  regarded  as  a  part  of  it.  We  have  also  seen  that  this 
system  has  close  relations  to  the  connective  tissue,  the  spaces  in  the 
latter  being  lymph  spaces  lined  with  endothelium  and  having  direct 
connections  with  the  lymphatic  vessels.  Wherever  there  is  increased 
exudation  from  the  blood  vessels  the  serous  spaces  and  lymphatic 
vessels  are  distended,  and  the  current  through  them  increased.  We 
have  seen  this  to  be  the  case  in  inflammations  and  oedemas. 

Inflammation  of  the  lymphatics.  Lymphangeitis. — The  lymphatics 
are  liable  to  inflammations  of  a  more  independent  kind  warranting  the 
name  lymphangeitis.  In  order  that  such  inflammation  may  occur  there 
must  be  in  the  vessels  some  irritant,  and  the  irritant  is  similar  to 
that  which  we  find  in  the  veins  in  suppurative  phlebitis,  namely,  a 
septic  poison.  Just  as  in  the  case  of  veins  there  is  a  thrombosis  with 
suppurative  inflammation  (see  thrombo-phlebitis),  so  here  there  is  a 
coagulum  formed  which  breaks  down  as  suppuration  goes  on.  In 
connection  with  wounds  which  have  been  exposed  to  decomposing 
juices,  such  as  dissecting  wounds,  we  sometimes  find  the  course  of 
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liable  to  suppuration  in  consequence 

Erysipelas  and  other  phlegmonous  inflammations  of  the  skin  are 

v^  hich  fo  m  the  radicles  of  the  lymphatics.  Microbes  are  present  in 
the  lymphatics  of  the  skin  in  such  cases  (see  under  Diseases  of  t^^ 

vpl '  ii'^  *°  r«"der  the  lymphatic 

vessels  as  well  as  the  serous  spaces  peculiarly  prominent,  when  the 

flamnr.-      '..r"  ''""'^        ""^^'"^  ^^'^^^  phlegmonous  in- 

flammation of  the  parotid,  which  occasionally  occurs  in  cases  of  septic 
wounds,  IS  probably  of  a  similar  nature.  Epidemic  parotitis  (mumps) 
may  perhaps  be  placed  in  the  same  category. 

We  have  already  seen  that  Elephantiasis  frequently  begins  in 
recurrent  attacks  resembling  erysipelas,  in  which  the  lymphatic  vessels 
are  obviously  aff^ectcd.  There  are  often  red  streaks  passing  up  the 
limb  mid  the  lymphatic  glands  may  be  enlarged.  The  irritation  here 
IS  slighter  and  more  chronic.  The  inflammation  results  in  great 
thickening  of  the  connective  tissue,  but  there  is  often  along  with  it 
dilatation  of  the  lymphatic  vessels,  so  that,  when  the  part  is  cut  into 
an  abundant  lymphatic  fluid  exudes  which  sometimes  contains  fat 

Tuberculosis  of  the  lymphatics.-This  is  very  frequent  in  connection 
with  tuberculosis  of  various  parts.  Thus  in  tuberculosis  of  the  intestine 
there  are  often  visible  beneath  the  peritoneum  prominent  white  cords 
which  are  tuberculous  lymphatics.  In  the  lungs  also  tuberculosis 
frequently  extends  by  the  lymphatics.  The  Thoracic  duct  is  some- 
times the  seat  of  a  regular  tuberculous  eruption  in  general  tuberculosis 
(Orth.) 

Lymphangiectasis.— The  lymphatic  vessels  are  occasionally  the  seat 
of  dilatation.  Obstruction  of  a  lymphatic  stem  may  produce  a  varicose 
dilatation  of  the  vessels  and  even  their  rupture.  The  most  striking 
example  of  this  is  aff^orded  by  Obstruction  of  the  thoracic  duct. 
This  is  not  an  infrequent  accident,  arising  from  various  causes,  such  as 
pressure  of  tumours,  aneurysms,  etc.,  in  its  neighbourhood,  but  more 
particularly  from  thrombosis  of  the  jugular  and  innominate  veins 
(see  under  GEdema  and  Dropsy).  Experiments  on  animals  show  that 
ligature  of  the  duct  leads  to  dilatation  and  sometimes  to  rupture  of 
its  dilated  origin  in  the  abdomen,  which  forms  the  Cysticerna  chyli 
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(Cooper).  In  man  there  may  be  a  similar  rupture,  either  in  the 
abdomen  or  pleura,  leading  to  accumulation  of  fluid  in  these  cavities. 
As  the  fluid  in  the  thoracic  duct  contains  fat,  the  exudation  m  the 
peritoneum  or  pleura  will  be  chylous  (see  Chylous  Ascites  and  Hydro- 
thorax).  Rupture  is,  however,  only  an  occasional  result  of  obstruction 
of  the  duct,  as  the  anastomosing  connections  may  compensate,  so  that 
there  may  even  be  comparatively  little  dilatation.  We  have  already 
seen  that  when  the  lymphatics  are  obstructed  by  the  embryoes  of  the 
filaria  sanguinis.  Lymph-scrotum,  Chyluria,  etc.,  may  result.  In  the 
enlargement  of  the  tongue  called  Macroglossia.  which  is  frequently 


Fig.  3S5.— Secondary  cancur  uf  a  uiesuuluric  gland.    The  involvement  of  the  IjTii- 
phatics  is  well  shown. 

congenital,  there  is  commonly  a  great  dilatation  of  the  lymphatics, 
which  may  form  considerable  cysts.  Sometimes  the  whole  lesion  has 
the  aspects  of  a  tumour-formation. 

Tumours  of  the  lymphatics. — There  is  sometimes  a  localized  dilata- 
tion of  many  lymphatics  so  as  to  form  a  distinct  Vascular  tumour. 
These  tumours  are  usually  cavernous  in  structure,  and  are  classed  as 
Cavernous  lymphangiomas.  Sometimes  they  develop  actual  cysts, 
which  are  filled  with  sei'ous  fluid,  and  are  designated  Hygromas. 

We  often  find  lymphatic  vessels  dilated  in  the  neighbourhood 
of  a  Cancer,  the  material  in  the  vessels  being  derived  from  the  tumour. 
This  occurs  mostly  in  the  case  of  cancers  which  are  undergoing 
soitening.  It  is  most  frequently  seen  in  connection  wi-th  mammary 
cancers,  where  the  lymphatics  may  have  the  form  of  firm  cylinders  as 
large  as  quills,  filled  with  white  material  (Fig.  385).    The  same  thing 
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is  seen  in  the  case  of  secondary  cancer  of  the  lung,  where  there  are 
nodules  immediately  under  the  pleura.    The  subpleural  lymphatic 
ar^,nd  the  nodule  are  found,  as  it  were,  injected  wL  white'Zterid 
and  this  also  occurs  in  the  capsule  of  the  liver  when  cancerou.^ 
nodules  are  near  the  surface.    These  naked-eye  appearances  indicate 
how  prone  cancerous  material  is  to  pass  into  the  lymphatics,  and 
under  the  microscope  at  the  margins  of  a  growing  cancer  the 
lymph-spaces  may  sometimes  be  found  filled  with  epithelial  masses 
(hee  under  Cancer.) 

Literature.-VE™,  Arch.  gen.  de  med.,  1835,  viii.  ;  Bbeschbt,  Le  systfeme 
lymphatique,  1836  ;  Caetee  (Lymphangiectasis  and  Elephantiasis),  Trans,  of  Med 
Soc.  of  Bombay,  1861 ;  Iseael,  Ueb.  Lymphangioma,  1885 ;  Beadley,  Injuries  and 
J^"'^^^"''  system,  .3rd  ed.,  1875;  Cooper,  Med.  records  and  researches, 
1798;  BoGEHOLD  (Injuries  of  thor.  duct),  Arch.  f.  klin.  Chirurg.,  xxix.,  443  •  Coats 
Museum  Catal.  of  Western  Infirmary  (Obstr.  of  thor.  duct  from  thrombosis 'of  jug' 


II.— THE  LYMPHATIC  GLANDS. 

1.  Structure  and  relations.— All  lymphatic  vessels  connect  them- 
selves directly  with  lymphatic  glands,  so  that  no  lymph  passes  into 
the  circulation  without  first  traversing  a  lymphatic  gland.  Dissolved 
substances  introduced  into  the  lymphatic  spaces  of  the  skin  and  sub- 
cutaneous tissue  are  rapidly  carried  up  the  lymphatics  and  through 
the  glands  into  the  general  circulation ;  this  is  a  matter  of  every  day 
experience  in  the  subcutaneous  injection  of  medicinal  agents.  Granular 
material,  however,  does  not  pass  through  the  glands,  which  form  a 
filter  for  all  solid  particles. 

The  apparatus  by  which  the  Filtration  of  the  lymph  is  effected  is  illustrated  in 
Tig.  386.  "When  the  afferent  lymphatic  vessel  coming  from  the  periphery  reaches 
the  gland,  it  first  forms  a  plexus  in  the  capsule.  On  the  other  hand  the  eiferent 
vessel  emerges  from  a  plexus  of  vessels  at  the  hilus,  and  this  plexus  is  connected 
■with  the  medullary  portion  of  the  gland.  In  passing  from  the  afferent  to  the 
efferent  vessel  the  lymph  traverses  a  series  of  sinuses,  c,  c,  in  figure.  The  sinuses 
.are  not  clear  spaces,  but  contain  a  reticulum  or  mesh-work  shown  in  the  figure. 
These  sinuses  surround  the  proper  glandular  tissue,  which  is  in  the  form  of  rounded 
follicles  or  cords  composed  of  densely  packed  lymph  cells  (a,  a,  in  figure).  The 
lymph  first  passes  from  the  afferent  plexus  into  the  sinuses  of  the  cortex,  then  into 
those  of  the  medullary  part,  where  originate  the  radicles  of  the  efferent  vessel. 
The  sinuses  being  occupied  by  the  fine  reticulum  will  catch  solid  particles  brought 
i,o  the  gland,  and  such  particles  will  therefore  be  most  readily  caught  at  the  cortical 
jjortion  of  the  gland. 

In  the  normal  gland,  according  to  the  researches  of  Fleniming  and  Baumgarten, 
ihere  is  an  active  new-formation  proceeding  by  means  of  Karyomitosis.  This 
.occurs  at  a  number  of  centres  in  the  cortex,  whose  cells  are  less  deeply  stained 
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than  those  elsewhere,  but  in  which  the  nuclear  figures  of  karyomitosis  are  visible. 
There  is  also  nuclear  division  in  other  parts,  but  to  a  less  degree.  These  appear- 
ances probably  indicate  the  new-formation  of  leucocytes. 


Fig.  386.— Section  of  normal  lymphatic  gland  ;  a,  a,  a,  follicular  or  lymphoid  cords  ; 
c,  0,  lymph  sinuses  ;  b,  h,  connective  tissue  tnibecute  ;  d,  d,  d,  blood-vessels.  X  300. 
(Recklinghausen.  ) 


In  the  operation  of  Tattooing,  granular  pigment,  such  as  Indian  ink 
or  vermilion,  is  introduced  into  the  skin.  Part  of  it  remains  perman- 
ently in  the  corium,  but  part  is  conveyed  up  the  lymphatics  and  is 
caught  by  the  glands,  where  it  remains  fixed. 

So  it  is  in  pathological  conditions.  The  lymphatic  glands  are  very 
frequently  associated  in  morbid  processes  which  are  occurring  in  parts 
in  which  the  vessels  passing  to  the  glands  take  origin.  Dissolved  and 
solid  materials  are  thus  conveyed  to  the  glands,  and  according  to  the 
nature  of  the  material  will  affect  the  gland  or  not.  In  Septic  inflam- 
mations, for  example,  the  microbes  are  often  conveyed  to  the  glands 
and  produce  inflammation  there.  As  these  are  in  the  form  of  fine 
particles  they  are  arrested  at  the  gland,  and  the  inflammation  makes  a 
pause  there  only  to  proceed  further,  if  the  organisms  propagate  on- 
wards. But  even  in  the  case  of  Simple  inflammations,  although  the 
products  are  for  the  most  part  dissolved,  they  still  are  frequently  of  an 
irritating  nature  and  cause  the  glands  to  inflame.    We  have  seen  that 
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solid  material  from'  cancers  is  often  conveyed  along  the  lymphatic 
vessels  and  is  caught  at  the  glands. 

In  all  these  cases  the  material  may  produce  no  irritation  in  the 
lymphatic  vessels  along  which  it  is  being  conveyed.  If  concentrated 
or  very  virulent  it  will  do  so,  but  it  often  does  not,  and  in  that  case 
a  wide  interval  of  healthy  structure  intervenes  between  the  primary 
disease  and  the  lymphatic  gland.  Hence  it  is  common  to  speak  of 
the  disease  being  conveyed  to  the  glands  by  metastasis.  Indeed 
most  of  the  lesions  to  which  the  glands  are  liable  are  secondary 
to  diseases  elsewhere,  but  there  are  some  which  may  be  regarded  as 
idiopathic. 

2.  Degenerative  changes.  These  are  not  of  common  occurrence 
apart  from  tuberculosis  and  syphilis.  Amyloid  disease  is  the  com- 
monest form  of  degeneration,  but  it  does  not  usually  occur  in  a  high 
degree,  and  it  is  only  occasionally  that  the  glands  are  enlarged  and 
rendered  firmer  by  the  degeneration.  For  the  most  part  it  is  detected 
only  when  the  glands  are  examined  microscopically  with  the  aid  of 
iodine  or  methyl-violet.  The  disease  appears  to  attack  mainly  the 
reticulum  of  the  gland,  and  one  can  sometimes  make  out  the  swollen 
hyaline  network,  or  even  detect  how  the  normal  reticulum  swells  out 
into  the  degenerated  network.  In  old  persons  a  Colloid  or  Hyaline 
degeneration  is  met  with.  The  gland  shows  a  series  of  alveoli  filled 
with  colloid  material,  or  the  blood-vessels  and  trabecula3  of  the  gland 
become  hyaline,  the  appearance  resembling  that  in  amyloid  disease  but 
without  the  reaction. 

3.  Pigmentation  of  the  glands. — We  have  seen  how  pigment  arti- 
ficially introduced  into  the  lymphatics  is  arrested  at  the  glands. 
Similarly,  carbonaceous  pigment  is  carried  from  the  lungs  and  deposited 
in  the  bronchial  glands.  Again,  in  cases  of  extravasation  of  blood,  or 
in  inflammations  with,  considerable  haemorrhage,  the  red  corpuscles  are 
conveyed,  sometimes  in  large  numbers,  to  the  glands,  which  may  thus 
be  deeply  coloured.  The  dissolved  colouring  matter  in  haemorrhages 
may  also  be  conveyed  and  stain  the  glands. 

The  pigment  is  carried,  in  part  at  least,  by  the  lymphoid  cells,  which 
are  to  be  found  in  the  lymphatic  fluid.  Arrived  at  the  gland,  the 
pigment  is  first  caught  by  the  stellate  cells  which  form  the  reticidum  in 
the  sinuses  of  the  cortex,  and  hence  in  the  earlier  stages  wo  may  have 
the  sinuses  marked  out  by  the  pigmentation.  If  it  continues  to  arrive 
at  the  gland,  it  extends  into  the  follicles  and  finally  the  whole  gland 
may  be  deeply  and  uniformly  coloured.  When  present  in  such  quantity 
the  pigment,  although  generally  non-irritating,  produces  a  Chronic 
inflammation.    There  is  increase  of  the  connective  tissue  forming  the 
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trabecule,  and  a  corresponding  atrophy  of  the  glandular  follicles.  The 
affected  gland  in  addition  to  the  pigmentation  is  enlarged  and  hard, 
or  indurated,  and  in  this  state  it  seems  to  be  to  a  large  extent  stuflFed 
up  by  the  pigment  and  rendered  impervious.  When  this  is  the  case 
the  lymph  probably  passes  by  anastomosing  vessels  to  other  glands, 
which  in  their  turn  become  pigmented.  In  this  way  we  may  explain 
how  pigmentation  sometimes'  extends  from  gland  to  gland.  Thus  in 
anthracosis  of  the  lungs  we  may  have  not  only  the  bronchial  glands 
but  also  those  of  the  mediastinum,  and  even  those  of  the  abdomen  and 
at  the  porta  of  the  liver  pigmented. 

What  has  been  said  in  regard  to  pigment  applies  also  to  other  solid 
materials  introduced  similarly  into  the  lymphatics.  In  stone-masons 
the  particles  of  stone  which  get  into  the  parenchyma  of  the  lung  are  in 
part  carried  to  the  glands,  where  they  produce  similar  changes  to 
those  mentioned,  but  even  more  readily,  as  from  their  mechanically 
irritating  characters  they  are  more  apt  to  produce  chronic  inflammation. 

4.  Acute  inflammation  of  lymphatic  glands,  Lymphadenitis.— As 
already  indicated,  this  condition  is  nearly  always  a  result  of  inflamma- 
tion in  the  peripheral  parts  from  which  the  vessels  come  to  the  gland. 
The  enlarged  and  inflamed  gland  is  called  a  Bubo.  The  most  serious 
of  the  acute  inflammations  are  connected  with  infective  processes,  as  in 
the  case  of  dissecting  wounds,  erysipelas,  phlegmonous  inflammations, 
diphtheria,  scarlet  fever,  splenic  fever,  and  the  plague  (Bubonic  plague). 

The  inflamed  gland  is  enlarged,  its  vessels  hypersemic,  and  its  tissue 
softened.  The  enlargement  is  .due  to  a  great  increase  of  lymphoid  cells 
which  accumulate  largely  in  the  sinuses.  The  stellate  cells  forming  the 
reticulum  of  the  sinuses  also  swell,  and  their  nuclei  divide.  The  sources 
of  the  added  lymphoid  cells  are  several.  They  arise  by  division  of  the 
existing  cells  of  the  gland,  as  evidenced  by  the  observation  of  karyo- 
mitosis  in  these  cells;  but  they  have  their  origin  in  part  in  the 
emigration  of  white  corpuscles  from  the  blood-vessels  in  the  gland,  and 
the  primary  inflammation  of  the  periphery  probably  sends  its  con- 
tingent. The  inflammation  may  subside  and  the  gland  return  to  its 
normal  condition ;  the  new-formed  cells  probably  pass  on  into  the 
efferent  vessel  and  are  disposed  of  in  the  circulation. 

Not  infrequently  suppuration  occurs  ;  the  tissue  of  the  gland  breaks 
down  and  an  abscess  is  the  result.  We  have  thus  a  Suppurating  bubo. 
The  inflammation  usually  extends  to  the  capsule  and  surrounding 
tissue,  which  become  involved  in  the  suppuration.  In  this  way  the 
abscess  advances,  and  the  pus  is  finally  discharged  at  the  surface. 
Usually  the  abscesses  do  so  discharge,  but  they  may  burst  into 
bronchi,  into   serous  cavities,  etc.     Some  of  these  severe  inflam- 
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mations  have  a  hsemorrhagic  and  even  a  necrotic  or  gangrenous 
character. 

5.  Chronic  lymphadenitis.— This  term  is  used  for  a  simple  chronic 
inflammation  in  connection  with  prolonged  irritation  of  the  glands. 
This  is  most  directly  produced  by  the  introduction  of  foreign  sub- 
stances, where  the  solid  particles  are  conveyed  to  the  glands  (see 
above).  It  occurs  also  in  connection  with  prolonged  peripheral 
irritation,  as  where  an  eczema  of  the  leg  or  the  scalp  produces  an 
enlargement  of  the  corresponding  glands.  The  inflammation  here 
results  in  increase  of  the  entire  elements  of  the  gland,  or  else  in  a 
preponderating  increase  of  the  connective-tissue  stroma  with  atrophy  of 
the  proper  gland-tissue  and  induration  of  the  gland. 

6.  Tuberculosis  of  the  lymphatic  glands  {Scrofula). — Tuberculosis 
occurs  in  the  lymphatic  glands  as  elsewhere,  as  a  result  of  the  action  of 
the  tubercle  bacillus.  In  some  cases  there  is  an  obvious  proiDagation 
of  these  microbes  from  an  existing  local  tuberculosis  at  the  periphery, 
but  there  are  many  cases  where  the  primary  seat  appears  to  be  in  the 
glands. 

Primary  tuberculosis  occurs  for  the  most  part  in  glands  connected 
with  mucous  membranes  having  absorbent  functions.  There  is  usually 
at  the  outset  catarrh  of  the  mucous  membrane,  and  it  may  be  presumed 
that  here,  as  elsewhere,  the  exuded  products  of  inflammation  are  con- 
veyed to  the  glands.  There  is  no  reason  to  believe  that  these  catarrhs 
are,  in  the  proper  sense,  tubercular,  but  it  appears  that,  along  with  the 
inflammatory  products,  bacilli  may  be  carried  from  the  surface.  In 
susceptible  persons  these  will  multiply  in  the  glands  and  produce  a 
tuberculosis.  Such  primary  tuberculosis  chiefly  occurs  in  glands  the 
radicles  of  which  are  connected  with  the  mouth,  pharynx,  fauces,  or 
intestine,  and  they  are  mostly  situated  about  the  jaws  or  neck,  or  in 
the  mesentery. 

The  tuberculosis  is  characterized  by  the  formation  of  tubercles, 
which  takes  place  chiefly  in  the  follicular  cords.  This  is  accompanied 
by  inflammatory  swelling  of  the  gland,  just  as  in  other  forms  of  tuber- 
culosis. There  is  usually  a  great  new-formation  of  cells  which,  in  the 
more  chronic  cases,  have  mostly  the  character  of  epithelioid  cells.  The 
amount  of  swelling  and  its  acuteness  vary  greatly.  There  may  be  a 
rapid  increase  of  size  with  redness  and  other  appearances  of  inflam- 
mation, or  it  may  be  a  slow  and  indolent  process. 

Caseous  necrosis  soon  presents  itself;  at  first  in  a  number  of  centres, 
but  as  it  proceeds  it  involves  more  and  more  of  the  gland,  and  the 
areas  coalesce.  The  extension  of  the  tuberculosis  goes  on  while  the 
older  parts  are  caseous  till  the  caseous  condition  comes  to  involve 
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the  whole  gland.  The  completely  caseous  gland  is  hard  or  firm 
to  the  touch;  it  presents  on  section  a  homogeneous  yellow  aspect 
which  has  been  aptly  compared  to  that  of  the  cut  surface  of  a  raw 
potato.  Sometimes  at  the  periphery  there  is  a  grey  transparent  zone 
representing  the  still  advancing  tuberculosis,  but  the  caseous  condition 
may  extend  to  the  capsule. 

The  Infective  character  of  the  process  is  manifested  by  its  extension 
to  neighbouring  glands.  There  is  sometimes  in  the  neck  a  complicated 
tuberculosis  of  many  glands,  some  lying  deeply  among  the  muscles 
and  fascise.  It  is  noteworthy,  however,  that  there  is  little  or  no 
tendency  to  extension  through  the  capsule  unless  it  be  first  ruptured 
or  destroyed.  This  accords  with  the  fact  that  tuberculosis  does  not 
usually  penetrate  connective-tissue  membranes. 

The  caseous  condition  being  thus  brought  about,  the  disease,  so  far 
as  the  individual  glands  are  concerned,  may  undergo  certain  further 
developments.  The  caseous  matter  may  simply  remain  as  dead 
material,  surrounded  by  connective  tissue.  It  often  becomes  infiltrated 
with  lime  salts,  and  converted  finally  into  a  putty-like  or  stony  mass. 
This  is  most  liable  to  occur  in  glands  which  are  protected,  such  as  those 
of  the  mediastinum  and  the  mesenteric  or  other  abdominal  glands.  It 
is  quite  common  to  meet  with  pultaceous  or  stony  masses  in  the 
mediastinum  or  in  the  mesentery  of  adults,  which  are  the  obsolete 
remains  of  a  tuberculosis  in  childhood. 

In  the  case  of  superficial  glands,  which  are  exposed  to  mechanical 
irritation,  there  is,  on  the  other  hand,  frequently  a  Softening  associated 
■with  inflammation.  A  process  akin  to  suppuration  ensues,  in  which 
the  matter  is  partly  composed  of  the  debris  of  the  caseous  matter  and 
partly  of  pus.  The  capsule  is  perforated  and  the  matter  passes  towards 
the  surface  where  it  opens  as  a  chronic  abscess.  In  its  passage 
it  produces  a  tuberculosis  of  the  parts  with  which  it  comes  in 
•contact,  so  that  Tubercular  sinuses  and  ulcers  are  frequent  results. 
It  is  well  known  that  recovery  from  this  condition  is  only  insured  by 
•careful  removal  of  all  infective  material. 

Secondary  tuberculosis  is  very  common  in  glands  connected  with 
organs  which  are  the  seat  of  local  tuberculosis.  This  applies  especially 
to  the  bronchial  glands  which  are  always  secondarily  involved  in 
phthisis  pulmonalis.  The  process  here  is  often  a  very  chronic  one, 
and  the  glands  sometimes  instead  of  caseating  become  indurated  as  in 
chronic  mflammation.  Indeed,  in  fibroid  phthisis  the  two  processes 
ot  mduration  and  tuberculosis  often  go  on  together.  Secondary  tuber- 
culosis also  arises  in  the  mesenteric  and  other  abdominal  glands  from 
tubercular  ulcers  of  the  intestine. 
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The  glands  are  also  commonly  affected  in  General  tuberculosis. 
They  are  the  seat  of  small  miliary  tubercles,  and  are  generally 
enlarged  and  hypersemic. 

7.  Syphilitic  disease  of  lymphatic  glands.— This,  as  we  have  seen, 
is  a  constant  result  of  the  primary  syphilitic  infection,  and  constitutes 
the  syphilitic  or  Indurated  bubo.  The  glands  slowly  enlarge  by  new- 
formation  of  round  cells,  and  they  remain  enlarged  for  months  or 
years.  There  is  little  caseous  necrosis  in  the  glands,  but  the  connective 
tissue  trabeculse  are  thickened.  During  the  secondary  stage  other 
glands  may  swell,  such  as  those  of  the  neck. 

Gummata  sometimes  form  in  the  glands  in  inherited  syphilis  and 
in  the  late  tertiary  stage  of  ordinary  syphilis.  There  is  enlargement 
and,  it  may  be,  extension  to  neighbouring  glands.  The  enlarged 
glands  may  or  may  not  becomes  caseous.  (See  account  by  Birch- 
Hirschfeld.) 

8.  Tumours  of  lymphatic  glands. — We  have  already  described 
several  forms  of  new-formation  of  lymphatic  tissue,  some  of  which 
attain  to  the  dignity  of  actual  tumours,  and  are  designated  lymphoma 
or  lymphadenoma.  There  is  the  leuksemic  lymphoma,  and  the  malig- 
nant lymphoma  or  Hodgkin's  disease,  both  of  which  partake  of  the 
character  of  infective  processes. 

Of  the  tumours  proper,  with  the  exception  of  sarcoma,  the  primary 
forms  are  rare  but  the  secondary  frequent.  The  Myxoma  is  some- 
times primary  and  the  Chondroma  has  been  observed  as  a  secondary 
tumour. 

In  a  case  recorded  by  Virchow  a  chondroma  occurred  in  tlie  axillary  glands  in 
connection  with  a  primary  tumour  of  the  scapula,  and  in  one  by  Paget  in  the 
glands  of  the  groin  in  a  case  of  chondroma  of  the  testis. 

The  most  important  form  of  sarcoma  of  the  lymphatic  glands  is  the 
Lympho-sarcoma,  which  is  of  comparatively  frequent  occurrence  in 
the  mediastinum  (see  Fig.  169,  p.  336),  but  is  also  met  with  in  the 
abdomen. 

Sarcoma  occurs  primarily  as  a  hard  or  soft  tumour.  The  hardei- 
form  is  rare  and  is  usually  a  fibro-sarcoma.  The  soft  form  may  be 
a  spindle-celled  tumour,  but  is  more  frequently  round-celled.  It  may  be 
an  alveolar  sarcoma.  The  commoner  round-celled  sarcoma  resembles 
in  structure  the  lymphoma  and  is  liable  to  be  mistaken  for  it,  but  it 
does  not  present  the  tendency  to  spread  from  gland  to  gland,  and  in 
its  metastasis  does  not  affect  the  lymphatic  system  specially.  The 
tumours  usually  grow  rapidly,  and  form  large  fungating  masses. 
Secondary  growths  frequently  form  in  the  lungs.     These  tumours 
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originate  chiefly  from  the  retroperitoneal,  mediastinal,  and  bronchial 
elands.  In  the  alveolar  form  the  new-formation  occurs  chiefly  in  the 
adventitia  of  the  vessels. 

Sarcoma  does  not  readily  occur  secondarily  in  the  lymphatic  glands, 
but  according  to  Butlin  it  does  so  more  frequently  than  is  usually 
stated.  Sarcomas  of  the  fgot,  tonsils,  testicles,  and  probably  the 
kidney,  are  liable  to  afi"ect  the  lymphatic  glands  secondarily.  The 
pigmented  and  softer  forms  of  sarcoma  are  more  likely  to  afi"ect  the 
glands. 

Cancer  does  not  occur  as  a  primary  growth  in  the  lymphatic  glands 
but  is  very  frequent  as  a  secondary  affection.  '  Cancerous  tumours  by 
their  irritation  may  lead  to  a  simple  inflammatory  enlargement,  but, 
even  in  those  which  are  very  slightly  enlarged,  there  are  usually 
cancerous  developments  detectable  by  the  microscope.  (See  further 
under  Cancer.) 

Literature. — Structure — Eecklinghausen,  Strieker's  Histology,  Syd.  See.  transL, 
vol.  i.;  Flemming,  Arch.  f.  mikroscop.  Anat.,  xxiv.;  Abnold,  Virch.  Arch.,  xciii.  and 
xcv. ;  Baumgabten,  Zeitschr.  f.  klin.  Med.,  ix.,  1885.  Pigmentation — VracHOW, 
Cellular  Path.;  Orth  (Absorption  of  blood),  Virch.  Arch.,  Ixi.,  269;  Miillee, 
Lymphdriisen  bei  Resorp.  von  Blutextrav.,  1879.  Tuberculosis — Schdppel,  Unter- 
such.  iiber  Lymphdriisentuberkulose,  1871;  Kosteb,  Virch.  Arch.,  xlviii.,  95; 
FBnsDLlNDEB,  Ueber  locale  Tuberculosa,  Volkmann's  Vortriige,  No.  49 ;  Koch, 
Etiology  of  tuberculosis  in  Micro-parasites  in  Disease  (Syd.  Soc.  transl.),  1886, 
p.  120 ;  DowD,  Annals  of  Surgery,  1899.  Syjohilis — Lanceeeaux,  Trait6  de  la  Syph., 
pp.  147  and  168;  Bibch-Hieschfeld,  Lehrb.  d.  Path.  Anat.,  last  edition. 
Tumours — Viechow,  Virch.  Arch.,  v.,  2,  30;  Paget,  Med.  Chir.  Trans.,  xxxviii. ; 
Pdttiata  (Sarcomas),  Virch.  Arch.,  Ixix.,  245  ;  Butlin,  Internat.  Encyel.  of  Surg., 
1884,  iv.,  600.  Degenerations — Viechow  (Amyloid  dis.),  Wiirzb.  Verhandl.,  vii., 
222  ;  Ebeeth,  Virch.  Arch.,  Ixxx. ;  Cobnh,  et  Ranviee  (Colloid)  Histol.  path.,  last 
edition;  Wiegee  (HyaUne),  Virch.  Arch.,  Ixxx.,  138. 

III.— THE  SPLEEN. 

1.  Structure  and  formation.- -The  exact  nature  of  the  function  of 
this  organ  is  somewhat  obscure.  In  order  to  understand  the  various 
changes  which  it  undergoes,  it  will  be  necessary  to  bear  in  mind  certain 
facts  as  to  its  structure.  The  splenic  artery  as  it  enters  the  organ  is 
accompanied  by  connective  tissue  which  forms  a  continuous  sheath 
around  its  branches.  In  this  sheath  there  develop  at  intervals  little 
masses  of  lymphoid  tissue,  forming  the  Malpighian  bodies,  which  are 
therefore  lymphatic  follicles  closely  related  to  the  arterial  branches. 
The  arteries  break  up  into  capillaries  which  arc  mostly  distributed  in 
the  Malpighian  bodies,  where  they  form  a  somewhat  wide-meshed  net- 
work.   At  the  periphery  of  the  Malpighian  bodies  the  capillaries  open 
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into  the  splenic  pulp,  which  is,  as  it  were,  interposed  between  the 
capillaries  and  the  veins.  This  consists  of  a  honeycomb-like  structure, 
with  frequent  trabeculse  and  meshes  (see  e,  e,  Fig.  387).  The  meshes 
contain  blood,  large  cells,  and  cells  containing  blood-corpuscles  and 
pigment.  The  meshwork  of  the  pulp  develops  occasionally  into  wider 
channels  or  sinuses  which  are  virtually  the  radicles  of  the  veins.  The 
pulp  has  a  brownish  colour  both  from  its  pigment  and  from  the  fact 
that  it  is  full  of  blood.  The  Malpighian  bodies  being  lymphoid  in 
structure,  and  sparely  vascularized,  are  whitish  in  colour.  It  is  clear 
from  this  structure  that  the  blood  passing  into  the  spleen  by  the 


Fig.  387. — Structure  of  .spleen.  A,  capsule  ;  6,  trabeculie  ;  c,  c,  Malpighian  bodies  ; 
in  that  to  the  right  an  ai-teiy,  cut  transversely,  is  seen  ;  d,  d,  injected  arteries,  one 
running  into  a  Malpighian  body ;  e,  houeycomb-like  pulp.  (Kollikeb.) 

arteries  will  linger  long  in  the  organ,  and  will  especially  stagnate  in 
the  meshes  of  the  pulp.  It  seems  prabable  that  in  the  pulp  the  red 
corpuscles  are  to  some  extent  destroyed.  The  existence  in  the  normal 
spleen  of  cells  containing  red  corpuscles  and  pigment  seems  to  indicate 
this.  The  spleen  also  probably  gives  origin  to  white  corpuscles,  but 
it  shares  this  function  with  the  lymphatic  glands  and  the  medulla  of 
bone,  as  well  as  probably  with  the  widely-diffused  connective  tissue 
throughout  the  body.  Some  have  supposed  that  the  spleen  also  forms 
red  corpuscles. 

From  these  remarks  it  will  be  understood  that  the  amount  of  blood 
in  the  spleen  will  be  subject  to  great  variations  according  as  the  pulp 
is  more  or  less  distended.    The  pulp  forms  by  far  the  gi-eatest  part  of 
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the  substance  of  the  spleen,  and  according  as  its  honeycomb  structure 
is  more  or  less  full  of  blood  the  size  of  the  organ  varies.  Thus 
there  is  no  organ  in  the  body  which  varies  so  much  m  size,  even 
under  physiological  conditions.  During  digestion  there  is  an  active 
hyperemia  which  causes  enlargement  of  the  organ.  Again,  the  capsule 
and  trabeculse  of  the  spleen  .are  abundantly  supplied  with  smooth- 
muscle  fibre-cells,  and  its  size  is  influenced  by  the  state  of  contraction 
of  these.  It  is  well  known  that  by  electric  stimulation  the  size  of  the 
organ  may  be  diminished,  the  muscular  tissue  contracting. 

2.  Malformations  and  Malpositions.— One  or  more  Supernumerary 
spleens  (splenculi,  lienculi)  are  very  frequently  met  with,  these  being 
in  addition  to  the  ordinary  normal  organ.  They  are  generally  round 
in  form,  and  have  the  dark  red  or  blue  colour  and  soft  structure  of  the 
splenic  tissue.  They  are  usually  small  in  size,  varying  from  that  of  a 
pea  to  that  of  a  marble,  but  cases  have  occurred  in  which  two  spleens 
of  nearly  equal  size  have  been  present.  Sometimes  several  of  these 
spleens  are  found  usually  in  the  neighbourhood  of  the  normal  organ, 
but  they  may  be  away  from  it,  having  even  been  found  embedded  in 
the  head  of  the  pancreas.  Several  hundred  have  been  seen  scattered 
about  the  abdominal  cavity. 

These  accessory  organs  may  be  the  seat  of  morbid  processes  similar 
to  those  affecting  the  spleen  itself.  This  is  particularly  the  case  with 
regard  to  amyloid  disease  and  tuberculosis.  The  spleen  is  also  liable 
to  variations  in  shape,  some  of  which  are  congenital.  It  is  liable 
to  a  folding  of  its  convex  surface  from  compression  by  the  ribs  in 
tight  lacing.  Alterations  in  position  are  sometimes  congenital  but 
may  occur  during  life,  chiefly  when  the  organ  is  enlarged  and  increased 
in  weight.  Again,  there  may  be  an  unusual  length  of  the  ligaments 
so  as  to  allow  of  an  undue  mobility  of  the  organ.  This  also  may  be 
congenital,  or  it  may  be  due  to  a  stretching  of  the  ligaments  from 
increased  weight. 

.3.  Active  Hypersemia  and  Acute  Inflammation. — We  have  already 
seen  that  an  active  hypertemia  of  the  spleen  occurs  physiologically 
during  digestion.  It  is  met  with  as  a  distinctly  pathological  condition, 
and  frequently  in  a  very  exaggerated  form  in  a  variety  of  acute 
febrile  diseases.  The  spleen  seems  a  favourite  seat  of  at  least  some 
of  the  infective  agents  which  have  to  do  with  the  acute  fevers,  and 
this  may  partly  explain  the  special  proclivity  to  congestion  and  inflam. 
mation  in  such  diseases.  Thus  the  bacilli  of  typhoid  fever  and  the 
hsematozoa  of  malaria  are  found  in  particular  abundance  in  the  spleen. 
Enlargement  of  the  spleen  in  these  diseases  forming  the  Acute  splenic 
tumour  is  often  seen  in  the  highest  degree  in  typhus  fever,  but  it 
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is  found  also  in  other  specific  fevers  and  in  pyaemia,  pneumonia, 
diphtheria,  erysipelas,  etc.  In  this  group  of  diseases  the  blood  contains 
morbid  products,  and  we  know  that  the  various  parenchymatous 
organs,  the  muscles  and  the  glands,  are  enlarged  as  a  result  of  cloudy 
swelling,  which  is  to  be  traced  to  the  condition  of  the  blood.  But  the 
enlargement  of  the  spleen  is  from  hypersemia  rather  than  the  result 
of  a  direct  tissue  change.  Consistently  with  this  the  enlargement  may 
be  very  rapid,  so  much  so  that  rupture  of  the  capsule  may  ensue,  as 
observed  in  some  cases  of  typhus  and  of  intermittent  fever.  It  will  be 
inferred  that  in  this  condition  the  splenic  tissue  is  exceedingly  soft, 
sometimes  almost  diffluent,  and  the  colour  of  the  cut  surface  is  a 
dark  red. 

But  the  condition  does  not  continue  as  a  pure  hypersemia.  The 
cells  forming  the  honeycomb  structure  of  the  pulp  enlarge,  the  blood- 
vessels and  the  meshes  of  the  pulp  come  to  contain  more  round  cells  or 
white  blood-corpuscles.  These  are  all  indications  of  inflammation,  and 
a  further  indication  is  sometimes  afforded  by  the  deposition  of  fibrine 
on  the  capsule  of  the  spleen.  The  Malpighian  bodies  sometimes 
undergo  enlargement  at  this  stage,  but  not  in  all  the  diseases  named. 
It  is  most  frequently  seen  in  the  later  stages  of  Typhoid  fever  and 
Small-pox,  and  when  it  occurs  the  consistence  of  the  organ  is  firmer 
than  is  usual  in  the  acute  splenic  tumour.  At  this  stage,  in  which 
more  definite  inflammatory  processes  are  superadded  to  the  congestion, 
the  spleen  is  even  larger  than  in  the  earlier  stage,  and  it  may  reach 
two,  three,  or  even  four  times  the  normal  size.  The  organ  is  unduly 
soft,  and  on  section  may  look  half-diffluent,  although  it  is  firmer  than 
in  the  cases  without  enlargement  of  the  Malpighiau  bodies.  The 
colour  of  the  cut  surface  is  considerably  paler  than  in  the  earlier  period, 
being  more  of  a  greyish  or  whitish  red.  On  scraping  the  surface  a 
thick  juice  is  obtained  which  is  not  unlike  pus  mixed  with  blood. 
There  is  not  infrequently  htemorrhage  in  the  substance  of  the  spleen 
so  affected,  and  it  may  take  the  form  of  the  wedge-shaped  hsemorrhagic 
infarction. 

As  a  general  rule  the  acute  splenic  tumour  diminishes  as  the  primary 
disease  passes  off,  and  the  spleen  may  be  left  soft  and  loose  with 
wrinkled  capsule  and  unduly  prominent  trabeculse.  Sometimes  there 
results  a  chronic  inflammation  with  thickening  of  the  trabeculje,  but 
this  hardly  occurs  unless  there  have  been  repeated  attacks  of  hyperasmia 
as  in  malarial  fevers,  and  occasionally  in  typhoid  fever. 

It  is  a  very  rare  circumstance  for  suppuration  to  occur  in  the  inflamed 
spleen,  but  this  has  been  met  with  in  intermittent  fever.  In  such  cases 
the  pus  appears  in  numerous  little  points  which  represent  the  Mai- 
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pighian  follicles,  or  there  is  a  more  diffuse  suppuration  of  the  spleen. 
If  the  abscesses  burst  a  fatal  peritonitis  results. 

Among  the  cases  of  suppurative  inflammation  of  the  spleen  should 
be  mentioned  those  in  which  Ulcerative  endocarditis  or  Pysemia  is  the 
primary  disease.  Minute  emboli  are  carried  to  the  spleen  as  to  other 
structures,  and  being  of  a  septic  nature  they  each  form  the  focus  ot  an 
acute  inflammation,  which  has  at  first  a  hsemorrhagic  character,  and 
afterwards  passes  on  to  suppuration.  The  spleen  as  a  whole  is  enlarged 
by  active  hypersemia. 

4.  The  Spleen  in  Malaria.— The  parasite  of  malaria  seems  to  exercise 
a  strong  local  influence  on  the  splenic  tissue.  There  is  in  acute  cases 
an  inflammatory  enlargement  such  as  that  described  above.  But  m 
cases  where  the  inflammatory  enlargement  is  repeated  frequently,  or 
there  is  a  more  continuous  irritation  of  the  spleen,  we  have  a  chronic 
inflammation,  causing  the  Chronic  splenic  tumour.  This  is  very 
common  in  malarial  districts,  and  is  regularly  met  with  in  persons 
who  have  been  repeatedly  subject  to  attacks  of  ague.  But  m  such 
districts  it  occurs  even  in  persons  who  have  had  no  apparent  ague, 
so  that  almost  every  post-mortem  examination  reveals  a  chronic 
Ague  cake. 

The  enlargement  in  ague  may  depend  on  a  General  hypertrophy  of 
the  spleen,  so  that  the  consistence  of  the  organ  is  nearly  normal.  There 
is,  however,  considerable  increase  of  the  lymphoid  element,  and  the 
trabeculje  are  thickened.  There  is  frequently  also  increased  pigmenta- 
tion. In  other  cases  there  is  a  marked  new-formation  of  connective 
tissue  in  the  trabeculjE,  the  pulp  is  firmer  and  the  blood  spaces  reduced 
in  size.  This  condition  warrants  the  designation  Fibrous  induration 
of  the  spleen.  The  organ  as  a  whole  is  not  so  much  enlarged  as  in  the 
other  form,  but  it  is  much  firmer  and  harder,  so  that  the  name  ague 
cake  is  peculiarly  applicable  here.  In  extreme  cases  there  is  atrophy 
of  the  proper  constituents  of  the  spleen  ;  the  pulp  is  much  encroached 
on,  and  the  Malpighian  bodies  are  greatly  destroyed.  There  is  usually 
also  much  deposition  of  pigment  in  the  splenic  tissue,  especially  in  the 
pulp,  but  also  to  a  slight  extent  in  the  Malpighian  bodies,  and  in  the 
thickened  connective  tissue  around  the  vessels. 

In  both  forms  of  chronic  tumour  of  the  spleen  the  capsule  is  generally 
thickened,  a  condition  being  thus  brought  about  which  is  sometimes 
called  Perisplenitis,  and  is  analogous  to  a  similar  thickening  of  the 
capsule  of  the  liver, — perihepatitis  (see  also  under  Chronic  Peritonitis). 
The  thickening  is  usually  irregular,  and  we  have  tendon-like  patches  or 
loose  shreddy  connective  tissue  on  the  surface.  Sometimes  the  capsule 
acquires  adhesions  to  neighbouring  structures,  and  the  spleen  may  be 
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SO  buried  in  adhesions  as  to  make  it  difficult  to  dissect  it  out.  It  is  to 
be  remembered,  however,  that  such  adhesions  are  very  frequent  apart 
from  any  proper  disease  of  the  spleen  at  all,  being  due  to  inflammations 
in  its  neighbourhood.  There  are,  indeed,  occasional  patches  of  dense 
fibrous  or  cartilaginous  consistency  occupying  the  capsule  of  the  spleen, 
whose  origin  it  is  difficult  to  ascertain,  but  which  are  to  be  regarded  as 
the  results  of  local  peritonitis.  In  most  cases  of  perisplenitis  originating 
outside  the  spleen  the  organ  is  small  and  atrophied.  In  some  cases  the 
thickened  capsule  appears  to  invade  the  spleen  at  parts.  In  these  cases 
the  appearances  may  simulate  an  old  infarction  (see  Fig.  388).  The 
term  lamellar  fibroma  is  sometimes  applied  to  such  cases  of  perisplenitis. 


Fig.  388. — Section  through  a  small  spleen  showing  marked  perisplenitis.  The 
thickened  capsule  encroaches  on  the  splenic  tissue  at  one  part. 

Passive  hyperaemia. — This  condition  occurs  in  the  spleen  when  there 
is  any  considerable  obstruction  of  the  portal  circulation.  Hence  we 
meet  with  it  in  cirrhosis  of  the  liver,  and  in  cases  of  heart  disease 
which  have  gone  on  to  general  venous  engorgement,  the  hyperasmia 
being,  as  it  were,  transmitted  through  the  liver.  It  may,  indeed,  occur 
in  consequence  of  any  local  or  general  obstruction  whose  effects  extend 
to  the  splenic  vein.  The  organ  is  enlarged,  but  not  to  such  an  extent 
as  in  the  acute  form.  As  in  cases  of  passive  hyperaemia  generally,  the 
connective  tissue  increases  in  firmness,  and  so  the  whole  organ  is  denser 
than  usual,  while  the  tissue  presents  a  deep  red  colour.  The  thickening 
of  the  connective  tissue  affects  the  trabeculse  and  the  sheaths  of  the 
blood-vessels. 

The  embolic  infarction. — This  is  probably  of  more  frequent  occur- 
rence in  the  spleen  that  in  any  other  organ,  except  the  lungs.  We 
have  already  seen  that  this  artery  and  all  its  branches  are  end-arteries, 
and  that  obstruction  of  one  of  them  can  hardly  fail  to  cause  the  in- 
farction. The  infarction  has  sometimes  the  hsemorrhagic  character,  but 
this  is  frequently  absent  except  at  the  marginal  parts,  and  the  greater 
part  is  white  or  yellow  (see  Fig.  389).    Even  when  originally  red  it 
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soon  loses  much  of  its  colour.  The  infarction  has  more  or  less  the 
form  of  a  wedge  with  its  base  at  the  capsule.  On  handling  the  organ 
it  is  to  be  detected  by  its  density,  forming  a  hard  mass  in  the  midst  of 
the  soft  tissue.  As  a  rule,  there  are  several  infarctions  in  the  same 
spleen,  and  as  the  embolus  in  a  larger  trunk  may  break  up  and  be 
distributed  irregularly  to  varibus  branches,  we  may  have  very  com- 
plicated forms  assumed  by  the  infarction.  For  example,  it  is  not 
uncommon  to  find  the  superficial  parts  of  the  spleen  involved  over  a 
large  area,  while  the  infarction  does  not  extend  much  beneath  the 
surface,  as  if  the  emboli  had  been  swept  into  a  number  of  terminal 
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Fig.  3Sfl. — Infarction  of  spleen.    The  pale  wedge-shaped  area  to  the  left  contrasts 
with  the  darker  normal  tissue  of  the  organ. 

branches  near  the  surface.  The  spleen,  as  a  whole,  is  enlarged,  the 
obstruction  of  the  arteries  leading  to  a  collateral  hypersemia  by  dilata- 
tion of  those  remaining  open.  This  enlargement  may  reach  consider- 
able dimensions.  On  the  capsular  surface  of  the  infarction  there  is 
often  a  deposition  of  fibrine,  and  it  is  interesting  to  know  that  during 
life  the  existence  of  this  has  been  sometimes  diagnosed  by  the  discovery 
of  a  friction  sound. 

The  affected  area  of  splenic  tissue  is  in  a  state  of  coagulation-necrosis 
and  presents  the  usual  characters  of  that  condition,  chiefly  the  absence 
of  nuclei  when  the  tissue  is  stained.  The  blood-colouring  matter  is 
dissolved  out,  being  partly  absorbed  and  partly  deposited  in  solid 
granules  throughout  the  infarction  or  at  its  marginal  parts.  Around 
the  infarction  a  chronic  inflammation  occurs  with  the  usual  new-forma- 
tion of  granulation  tissue  which  eats  into  the  infarction  (see  Fig.  390). 
As  the  infarction  becomes  absorbed,  the  connective  tissue  which  develops 
from  the  granulation  tissue  draws  together,  the  final  result  being  a 
cicatrix  in  which  some  cheesy  matter  may  be  found  representing  the 
original  infarction.   During  these  processes  the  spleen  gradually  returns 
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to' its  normal  size  and  condition,  with,  it  may  be,  some  thickening  of  the 
capsule.  We  frequently  meet  with  one  or  more  cicatrices  in  the  spleen 
from  old  embolism.  These  are  always  visible  at  the  surface  and 
penetrate  inwards,  but  usually  they  have  little  depth. 


Fig.  390. — Infarction  of  sj)leen.  The  pale  infarction  surrounded  by  fibrous  tissue 
is  shown.  A  large  amount  of  i^igment  is  present  in  the  infarction,  especially  at  its 
periphery,    x  15. 


The  condition  of  the  .spleen  in  Leukaemia  has  been  already  described, 
but  it  may  be  recalled  that  in  this  disease  the  spleen  is  often  enor- 
mously increased  in  size,  and  may  weigh  40  pounds.  The  condition  in 
malignant  lymphoma  or  Hodgkin's  disease  has  also  been  described. 

Rupture  of  the  spleen. — This  occurs  occasionally,  as  we  have  seen, 
in  acute  enlargements  of  the  organ.  Traumatic  rupture  is  much 
more  frequent.  This  is  effected  by  blows  or  falls  on  the  abdomen,  and 
also  by  injuries  to  the  chest  in  which  the  lower  ribs  are  forced  against 
the  organ.  There  may  be  considerable  rupture  without  any  external 
marks  of  injury.  It  is  important  to  remember  that  the  enlarged  and 
hard  spleen  is  more  liable  to  rupture  than  the  normal  one,  both  on 
account  of  its  more  brittle  character  and  its  size.  This  is  important  in 
a  medico-legal  aspect,  especially  in  malarious  districts.  The  rupture 
may  lead  to  fatal  htemorrhage,  but  as  the  lesion  is  often  associated  with 
other  injuries,  the  bleeding  only  plays  a  part  in  the  result.    On  the 
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other  hand,  the  hismorrhage  may  be  slight,  and  the  wound  may  heal 

and  leave  a  cicatrix. 

Degenerative  changes.-Of  these  by  far  the  most  important  is 

Amyloid  or  waxy  disease.    It  has  already  been  mentioned  that  the 

spleen  is  more  frequently  the  seat  of  this  disease  than  any  other  organ, 

and  that  it  appears  in  a  majority  of  cases  to  be  the  organ  primarily 

affected.    There  are  two  forms  of  amyloid  disease,  called  respectively 

the  Sago  form  and  the  Diffuse  form 

or  waxy  spleen,  to  which  a  third 

or  combined  form  may  be  added. 

In  the  first  the  Malpighian  bodies 

are  mainly  involved ;  in  the  second 

the  pulp.   We  are  entirely  ignorant 

of  the  conditions  which  induce  these 

differences  in  the  situation  of  the 

degeneration,  but  it  may  be  said 

that  the  sago  spleen  is  peculiarly 
that  which  occurs  in  phthisis  pul- 
monalis,  while  the  waxy  form  occurs 
in  syphilis. 

The  Sago  spleen  is  a  moderately 
enlarged  organ.  On  section  we 
observe  on  the  cut  surface,  instead 
of  the  normal  small  Malpighian 
bodies,  transparent  glancing  areas 
which  have  been  very  aptly  compared 
to  grains  of  boiled  sago.  These  are 
dotted  over  the  surface  in  great  pro- 
fusion (see  Fig.  391).  On  applying 
a  solution  of  iodine  the  affected  areas  39i--Sago  .spleen, 

stand  out  as  brown  spots,  which  become  of  a  deeper  colour  on  adding 
dilute  sulphuric  acid.  Microscopic  sections  (see  Figs.  392,  393)  show 
transparent  hyaline  areas  of  circular  outline  and  larger  or  smaller  size, 
often  so  large  that  they  are  continuous  with  one  another  at  the  peripheries 
(Fig.  392).  These  areas  represent  Malpighian  bodies,  whose  normal 
structure,  when  the  disease  is  advanced,  is  entirely  replaced  by  a 
nearly  homogeneous  transparent  material.  In  the  early  stages,  how- 
ever, the^  addition  of  methyl-violet  or  iodine  brings  out  a  beautiful 
network  in  the  Malpighian  body,  and  it  is  obvious  that  the  reticulum 
is  first  attacked  (Fig.  393).  The  lymphoid  corpuscles  disappear  as 
such,  probably  by  atrophy  on  account  of  the  pressure  of  the  affected 
reticulum.    The  arteries  whose  lymphoid  bodies  are  thus  affected  are 
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often  themselves  degenerated,  but  they  may  remain  unaffected.  In 
advanced  stages  of  the  disease  the  enormous  enlargement  of  the 
Malpighian  bodies  causes  atrophy  of  the  pulp,  and  we  may  have  the 


Fig.  392. — Diagrammatic  sketch  of  a  section  of  a  sago  spleen.  The  enlarged  and 
translucent  Malj^ighian  bodies  are  seen  as  they  appear  in  the  unstained  condition. 
X  20. 


Fig.  393.— Sago  spleen.  Methyl-violet  preparation.  The  Malpigliian  bodies  and 
■vessels  arc  affected.    X  20. 
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spleen  presenting  little  beyond  large  round,  sago-like  bodies.  The  pulp 
may,  however,  itself  take  part  in  the  amyloid  disease  at  the  periphery 
of  the  Malpighian  bodies. 

The  Diffuse  amyloid  or  waxy  spleen  presents  much  greater  en- 
largement than  the  sago  form.  It  is  in  the  highest  degree  hard 
and  heavy,  and  the  edges  rounded.  On  section  the  tissue  seems 
homogeneous  and  inelastic,  and  of  a  dark  translucent  appearance, 
which  has  been  compared  to  that  of  wax  or  bacon,  hence  the  names 
Waxy  and  Lardaceous  spleen,  which 
are  most  appropriately  applied  to  this 
form.  The  degeneration  affects  the 
greater  part  of  the  spleen,  but  there 
may  be  islands  of  normal  pulp  visible. 
The  Malpighian  bodies  are  hardly 
visible,  and  the  cut  surface  has  a 
smooth  uniform  appearance.  The  ap- 
plication of  iodine  produces  a  general 
deep  brown  coloration  of  the  tissue. 
Under  the  microscope  (as  shown  in 
Figs.  394  and  395)  it  is  seen  that 
the  walls  of  the  sinuses  of  the  pulp 
are  involved.  On  account  of  the 
greater  density  of  the  amyloid  material 
the  honeycomb  structiu'e  of  the  pulp 
is  often  brought  out  in  a  much  more 
striking  manner  than  is  possible  in  a 
normal  spleen.  This  is  more  -marked 
if  the  sections  be  stained  with  methyl-     Fig.  so*.— Diagrammatic  .sicotch  of  a 

diffuse  amyloid  spleen.    The  swoUeu  aud 

violet,  the  trabeculte  assuming  a  bright  ti-ansiucont  tissue  of  the  puip  («)  is  shown. 

,  ^     ,  .  °  .°        X400.    (After  KvBER.) 

colour  and   becoming  very  distinct 

(Fig.  39.5).  In  the  later  stages  the  appearance  is  more  uniform,  but 
indications  of  the  trabecular  arrangement  may  still  be  visible.  By  the 
enlargement  of  the  pulp  the  Malpighian  bodies  are  greatly  atrophied, 
but  they  may  show  traces  of  amyloid  disease.  In  this  form  the 
walls  of  the  arteries  and  veins  are  usually  affected  by  amyloid 
degeneration. 

Infective  and  other  tumours  of  the  spleen.— Tuberculosis  does 
not  occur  in  the  spleen  as  a  primary  disease,  but  in  acute  general 
tuberculosis  we  frequently  find  tubercles  in  great  abundance  (see  Fig. 
396).  The  tubercles  are  usually  seated  in  the  neighbourhood  of 
arteries,  and  are  often  difficult  to  distinguish  from  the  lymphoid 
Malpighian  bodies  which  have  a  similar  seat.    The  existence  of  the 
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giant-celled  structure  and  the  tendency  to  caseous  degeneration  will 
assist  in  distinguishing  them  (Fig.  67,  p.  194).  Occasionally  we  meet 
with  large  caseous  masses  in  the  spleen,  which  may  reach  the  size  of 


Fig.  395.— Diffuse  waxy  spleen.  Methyl- violet  preparation.  Tlio  waUs  of  the 
vascular  sinuses  are  specially  involved.  The  reticular  structure  is  manifest  The 
Malpighian  bodies  are  unaffected,  although  some  of  the  vessels  in  then-  midst  give 
the  amyloid  reaction,    x  20. 


Fig.  396.-Caseou8  tubercles  in  the  spleen.  From  two  cases  of  chronic  general 
tuberculosis. 
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walnuts.  These  occur  mostly  in  children  who  are  the  subjects  of 
tuberculous  disease  of  the  lymphatic  glands  of  the  abdomen.  The 
general  distribution  of  the  nodules  suggests  that  the  infective  material 
has  been  carried  by  the  blood,  and  in  some  cases  there  may  have 
been  a  rupture  of  a  softened  gland  into  the  splenic  artery.  Syphilitic 
gummata  are  rare  in  the  spleen,  and  have  been  met  with  chiefly  in 
congenital  cases.  In  Hodgkin's  disease  the  spleen  is  generally  the 
seat  of  new-formations,  and  there  is  usually  great  enlargement  of 
the  organ  (see  p.  220). 

Tumours  proper  are  equally  rare,  but  cases  of  Fibroma,  Sarcoma,, 
and  cavernous  Angioma  have  been  observed.  Cysts,  which  may 
be  unilocular  or  multilocular,  are  of  occasional  occurrence  in  the 
spleen.  Small  cysts  with  clear  contents  are  occasionally  met  with  in 
considerable  numbers  towards  the  surface  of  the  organ,  and  probably 
arise  by  inclusion  of  portions  of  the  peritoneal  endothelium.  Sar- 
comas occur  secondarily  in  the  spleen  with  greater  frequency  thau 
any  primary  tumour,  and  this  is  especially  true  of  melanotic  sarcomas, 
which  may  possibly  originate  in  the  spleen.  Secondary  cancers  are 
rare  even  in  cases  where  a  generalization  of  the  cancer  has  occurred 
by  the  blood.  Extension  may  occur  from  the  peritoneal  surface  intO' 
the  spleen  in  cases  where,  from  cancer  of  the  stomach  or  elsewhere, 
the  peritoneum  is  involved.  Small  whitish-yellow  globular  bodies  of 
hard  consistence  are  not  infrequently  met  with.  They  are  obviously 
related  to  the  trabeculjB,  and  are  probably  to  be  regarded  as  phleboliths.. 

Parasites  are  very  unusual  in  the  spleen.  The  Echinococcus  is- 
the  most  common,  forming  hydatid  cysts,  sometimes  of  large  size.. 
Pentastoma  denticulatum  is  of  occasional  occurrence. 

Literature. — Heinrich,  Die  Krankh.  der  Milz.;  Biech-Hieschfeld,  Arch.  d> 
Heilk.,  xiii.,  389,  and  Lehrb.;  Rolleston,  in  Allbutt's  System  of  medicine,  vol.  iv.;. 
Friedreich,  Acute  splenic  tumour,  in  Volkmann's  Samml.,  Syd.  Soc.  transl.,  2nd 
series,  1877;  Mosler,  Zeimssen's  Encycl.,  1878,  viii.;  Peenner,  Gewicht  der  Milz. 
bei  verschied.  Krankh.,  1885 ;  Albrecht  (accessory  spleens),  Ziegler's  Beitrage, 
XX.;  Heusinger,  Entzund.  d.  Milz,  1823 ;  Moxon  (Abscess  in  ulcerative  endocar- 
ditis), Path.  Trans.,  xix.,198;  Bright  (Chronic  splenic  tumour),  Guy's  Hosp.Rep.,. 
iii.;  Kyber  (Amyloid  disease),  Virch.  Arch.,  Ixxxi.,  1880;  Wichmann,  Ziegler's 
Beitrage,  xiii.,  1893;  Langhans  (Cavernous  turn.),  Virch.  Arch.,  Ixxv.,  373;  Spill- 
MAKN  (Cystic  hematoma).  Arch.  d.  Phys.,  1876,  419;  Renggli,  Ueber  multiple 
Cysten  der  Milz,  Zurich,  1894;  Thornton  (Multilocular  cyst),  Path.  Trans.,  xxxv., 
1884 ;  Weichselbaum  (Sarcoma),  Virch.  Arch.,  Ixxxv.,  562 ;  Baumgarten  (Syphilis),. 
Yirch.  Arch.,  xcviii.;  Bastian  (Hydatid  cyst),  Path.  Trans.,  xviii.,  257, 
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SECTION  III. 


DISEASES  OF  THE  BONES  AND  JOINTS. 


A.  The  Bones. — Introduction  as  to  development  and  structure.    I.  Some  Affec- 

tions of  the  Bone  Maxrow.    II.  Malformations.    III.  Rickets,  Cretinism, 

etc. ,  a  disease  of  growing  bones,  caused  by  general  ill-health.  Character  of 
lesions  at  ossifying  cartilage  and  under  periosteum ;  Deformities  due  to  rickets 
in  long  bones,  chest,  vertebrse,  pelvis,  head.  Recovery.  IV.  Retrograde 
changes,  (1)  Atrophy;  (2)  Osteomalacia  or  MoUities  ossium.  V.  Inflamma- 
tions— Introductory.  (1)  Acute  and  suppurative  inflammations,  traumatic 
and  infective,  the  latter  important ;  (2)  Chronic  inflammations,  implying 
rarefaction  and  new-formation.  VI.  Hypertrophy.  VII.  Necrosis— Causa- 
tion. The  resulting  lesions  mainly  inflammatory  ;  separation  of  sequestrum  ; 
absorption  of  dead  bone.  Phosphorus-necrosis.  VIII.  Regeneration.  (1) 
Healing  of  fractures ;  production  and  structure  of  callus.  (2)  Transplantation 
of  bone.  IX.  Specific  new-formations.  (1)  Tuberculosis;  causation;  lesions ; 
including  caries,  cold  abscess,  etc. ;  healing  of  lesions.  (2)  Syphilis  ;  gum- 
mata  and  lesions  of  congenital  syphilis.  (3)  Actinomycosis.  X.  Spinal 
curvatures— Introduction.  Forms  of  curvature,  antero-posterior  or  lateral. 
XI.  Tumours,  chiefly  exostoses  and  sarcomas. 

B.  The  Joints.    I.  Dislocations  and  Misplacements,  congenital  forms ;  talipes ; 

traumatic  and  spontaneous  dislocations.  II.  Anchylosis.  III.  Inflammations. 
IV.  Syphilis  and  Tuberculosis.    V.  Loose  bodies. 


A.— Thk  Bones. 

INTRODUCTION.— Bone  differs  materially  in  structure  and  function 
from  most  of  the  other  tissues  of  the  body,  and  these  peculiarities 
exercise  an  important  influence  on  the  pathological  changes  to  \vhich 
it  is  liable. 

The  Bone-marrow. —This  structure  seems  to  subserve  a  double 
function  in  the  economy.  In  the  period  of  development  and  growth  it 
is  actively  engaged  in  the  building  up  of  the  skeleton,  and  even  in  the 
adult  it  contains  structures  capable  of  renewing  the  process  of  bone- 
formation  On  the  other  hand,  it  is  evidently  an  organ  intimately 
related  to  the  formation  of  blood,  and  this  function,  though  most  active 
during  development  and  growth,  is  retained  in  the  adult  state. 
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The  bone-marrow  as  a  blood-forming  organ.— Much  attention  has 
been  paid  of  late  years  to  the  bone-marrow  as  intimately  related  to  the 
formation  and  replenishment  of  the  red  blood-corpuscles.  The  spaces 
left  by  the  solid  and  rigid  structures  of  the  bone  are  not  entirely  taken 
up  by  the  blood-vessels  designed,  to  nourish  the  bone,  but  nature  has 
taken  advantage  of  them  to  hold  tissue  having  the  function  mentioned. 
This  matter  has  already  been  referred  to  in  the  General  Part  of  this 
work. 

The  normal  bone-marrow  is  divisible  into  the  Red  marrow  and  the 
Yellow  or  Fatty  marrow.  The  former  is  found  in  the  foetus  in  all  the 
medullary  spaces,  whether  the  hollows  of  the  shafts  of  the  long  bones 
or  the  cancellated  tissue.  As  the  child  becomes  older  it  is  replaced 
by  yellow  or  fatty  marrow  in  the  shafts  of  the  long  bones  and 
even  in  the  cancellated  tissue  of  these,  but  in  the  adult  it  remains 
in  most  of  the  cancellated  tissue  of  the  short  and  fiat  bones.  The 
red  marrow  is  the  active  tissue  in  relation  to  the  blood.  The 
yellow  marrow  is  largely  adipose  tissue,  and  it  replaces  the  red 
marrow  as  the  requirements  of  blood-formation  become  limited.  In 
the  foetus  and  growing  child  there  is  a  great  new-formation  of  blood, 
both  to  replenish  the  loss  incident  to  the  processes  of  life  and  to  increase 
the  actual  amount  in  proportion  to  the  increase  in  the  tissues.  As  the 
adult  period  is  reached  the  latter  requirement  diminishes  and  disappears, 
■  and  yellow  marrow  takes,  to  some  extent,  the  place  of  the  red  marrow. 
Even  the  yellow  marrow  is  not  a  pure  adipose  tissue,  as  the  constituents 
of  the  red  marrow  are  still  distinguishable  in  it,  although  s^Darsely 
present,  and  there  may  be,  under  pathological  conditions,  a  partial  or 
complete  return  to  the  condition  of  the  red  marrow. 

The  red  marrow  is  a  highly  cellular  and  highly  vascular  substance. 
The  cells  are  of  various  sorts.  There  are  larger  and  smaller  colourless 
•cells,  the  marrow  cells  or  myelocytes.  Many  of  these  contain  neutro- 
phil granules  in  their  protoplasm  {neutrophil  myelocytes)  while  others 
contain  large  eosinophil  granules  {eosinophil  myelocytes).  Further,  there 
are  cells  of  a  yellowish  colour  like  the  red  blood-corpuscles,  but  which, 
unlike  these,  are  nucleated.  The  nucleated  red  cells  {erythroblasts)  are 
regarded  as  concerned  in  the  formation  of  the  red  blood-corpuscles,  and 
they  present  the  appearances  of  nuclear  division  by  karyokinesis.  The 
capillaries  and  veins  of  the  red  marrow  are  wide  and  thin-walled  ;  some 
authors  have  even  stated  that  they  do  not  possess  proper  walls,  but 
are  bounded  directly  by  the  marrow  cells. 

Formation  and  growth  of  bone.— During  the  period  of  growth  bone 
18  m  a  condition  of  great  activity,  the  growth  of  bone  being  effected 
by  processes  which  are,  in  some  respects,  special  and  peculiar.  The 
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proper  bony  tissue  {tela  ossea)  is  composed  of  a  rigid  calcified  matrix,  en- 
closing the  living  cells  or  bone-corpuscles  in  lacunaj.  This  tissue  once 
formed  is,  like  the  mason-work  of  a  house,  fixed  in  form  and  insus- 
ceptible of  expansion  or  plastic  alteration  in  shape.  It  can  only  be 
altered  by  being  taken  down  and  rebuilt.  But  in  the  growing  bones 
there  is  necessarily  a  very  active  process  of  reconstruction  going  on. 
The  bone  as  a  whole  is  expanding,  and  this  is  effected,  not  merely  by 
apposition  of  new  bony  tissue  to  the  old,  but  by  a  process  involving 
destruction  and  reconstruction. 

The  Internal  architecture  of  the  bones  is  of  great  interest  both  from 
a  physiological  and  pathological  point  of  view.  From  the  observations 
of  Meyer,  which  have  been  amplified  and  expanded  by  AVoIfi",  it  appears 
that  the  bones  are  carefully  constructed  with  a  view  to  the  function  of 
resisting  the  mechanical  forces  of  pressure  and  traction.  Pressure  is 
mainly  exercised  at  the  articular  ends  of  the  bones,  and  the  cancellated 
tissue  existing  there  consists  of  series  of  trabeculse  which  arch  in  various 
directions  so  as  to  carry  the  weight.  These  trabeculse  mostly  end  in 
the  dense  bone  of  the  shaft  or  otherwise,  which  thus  becomes  the 
ultimate  repository  of  the  pressure.  This  elaborate  architecture  is 
preserved  during  the  process  of  growth,  and  this  can  only  be  effected 
by  gradual  destruction  and  reconstruction. 

It  is  a  further  point  of  much  interest  that  when  the  normal  architec- 
ture of  the  bones  is  interfered  with  by  imperfectly  adjusted  fra^cJlaires, 

by  bendings,  or  by  disloca- 
tions of  the  bones,  there  is 
a  reconstruction  so  as  to 
meet  the  new  lines  of  pres- 
sure which  are  thus  brought 
about.  Thus  even  in  the 
adult  there  is  a  moulding  of 
the  affected  bones  according 
to  a  definite  plan.  AATiere, 
in  the  new  form  of  the 
bone,  the  pressure  is  in- 
creased in  any  particular 
direction,  new-formation  of 
bone  occurs  along  the  lines- 
of  increased  pressure,  whilst  absorption  occurs  in  places  where  the 
pressure  is  diminished.  Thus  in  the  annexed  illustration  from  a  case 
of  genu  valgum  or  knock-knee  (Fig.  397)  it  is  seen  how  the  head  of  the 
right  tibia  shows  a  marked  increase  in  the  trabecule  under  the  outer 
condyle,  along  with  a  corresponding  thickening  of  the  shaft,  due  to  the 


Pig.  307. — Head  of  right  tibia  from  genu  valgi^m.  There 
is  great  thickening  of  the  bony  trabeculaj  on  the  outer 
side.  (WoLFP.) 
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fact  that,  in  the  faulty  position  of  the  leg  the  pressure  was  much 
greater  on  the  outer  than  the  inner  condyle.  The  extent  to  which 
Reconstruction  is  necessary  is  emphasized  when  one  remembers  that 


a. 


IF  Wff^f 


1 


the  shaft  of  a  young  child's  femur  is  no 
greater  in  diameter  than  the  naeduUary 
cavity  of  that  of  an  adult.  -  In  fact,  in 
the  course  of  growth  the  whole  bone  is, 
in  many  cases,  taken  down  and  recon- 
structed several  times  over. 

The  growth  of  bone  is  effected  by  the 
process  of  Ossification.   In  a  longitudinal 
section  of  a  growing  long  bone,  such  as 
that  illustrated  in  Fig.  398,  the  process  of 
ossification  from  cartilage  may  be  seen. 
■  At  the  upper  part  of  the  figure  (a) 
there  is  the  normal  appearance  of  hyaline 
cartilage.     As  the  ossifying  margin  is 
approached  the  cells  multiply,  and  at 
first  they  form  irregular  groups,  as  at  b. 
Nearer  the  margin  the  multiplying  cells 
become  arranged  in  rows  parallel  to  the 
long  axis  of  the  bone,  the  elongated  groups 
being  separated  by  narrower  elongated 
pieces  of  hyaline  matrix.    The  beginning 
and  the  end  of  this  zone  of  multiplying 
cartilage  cells  are  quite  abrupt,  and  form 
nearly  straight,  transversa  lines.  This 
zone  appears  to  the   naked  eye  as  a 
narrow  bluish  band.     Next  occurs  an 
infiltration  with  lime  salts  of  the  hyaline 
matrix  between  the  groups,  the  matrix 
becoming  opaque  and  granular  (c,  c  in 
figure).     This  forms  a  yellow  zone  as 
seen  with  the  naked  eye.     This  zone 
is  also  suddenly  interrupted,  and  at  a 
definite  level  the  groups  of  cartilage  cells 
give  place  to  cavities  filled  with  Foetal 
marrow,  consisting  of  round  cells  and 
blood-vessels  (d).    It  is  from  these  cells 
that  the  formation  of  true  bone  occurs.    The  cells  contained  in  the 
spaces  have  the  power  of  producing  bone,  and  are  hence  called 
Osteoblasts.    These  fix  themselves  to  the  walls  of  the  cavities, 


Pig.  39S. — Longitudinal  section  of 
bone  ossifying  from  cartilage :  a, 
commencement  of  i^roliferation  of 
cartilage  cells  ;  6,  cells  arranged  in 
longitudinal  groups  ;  c,  matrix  of 
cartilage  impregnated  with  lime, 
this  calcified  matrix  is  continued 
beyond  the  ossifying  border  (c  on 
light  side) ;  d,  medullary  spaces 
containing  round  cells  replacing 
cartUage  cells ;  e.  e,  fonnatiou  of 
bone  at  borders  of  calcified  matrix, 
the  osteoblasts  each  forming  a  piece 
of  bone  and  remaining  as  the  bone 
corpuscle.     x  00.      (After  Thier- 
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which,  as  we  have  seen,  are  composed  of  calcified  cartilaginous 
matrix,  and  each  cell  forms  around  itself  a  certain  portion  of  bone- 
tissue,  apparently  by  a  process  of  secretion.  The  teki  ossea  thus  formed 
encloses  the  cell  which  has  formed  it,  and  the  latter  remains  as  a  bone 
corpuscle.  In  such  a  section  as  that  under  review  one  constantly  sees 
at  the  borders  of  the  cavities  layers  of  osteoblasts  with  oval  areas  of 
new-formed  osseous  tissue  around  them,  e  in  figure.  Thus  the  calcified 
cartilaginous  matrix  is  encroached  upon,  and  the  bone  is  formed. 

Besides  this  ossification  from  cartilage,  we  have  what  is  commonly 
but  not  quite  correctly  called  Ossification  from  membrane.  In  all  such 
cases  we  have  cells  similar  to  those  in  the  cavities  mentioned  above, 
which  have  the  characters  of  osteoblasts,  and  form  bone  in  a  similar 
fashion.  These  osteoblasts  form  a  layer  under  the  periosteum,  they 
exist  also  in  the  spongy  parts  of  bones,  and  at  the  ossifying  margins  of 
flat  bones. 

The  Absorption  of  bone  is  effected  by  active  cells  which  are  dis- 
tinguished by  the  name  of  Osteoclasts.  The  giant-cells  or  myelo- 
plaques  which  exist  in  foetal  bone-marrow  have  this  function.  Where 
absorption  is  going  on  these  cells  are  found  attached  to  the  bone, 
and  lying  in  gaps  evidently  formed  by  them  and  called  Howship's 
lacunae. 

When  the  period  of  growth  is  finished,  the  osteoblasts  and  the  osteo- 
clasts have  completed  their  work,  but  the  bone  remains  penetrated  in 
every  part  by  soft  tissue.  This  soft  tissue,  as  we  have  seen,  subserves 
blood-formation,  but  it  also  contains  the  remains  of  the  structures 
which  were  concerned  in  the  building  up  of  the  bone.  We  may  accept 
the  view  of  Kanvier,  according  to  which  the  bone  in  the  adult  state  is 
enveloped  in,  and  penetrated  by  the  remaining  potential  osteoblasts. 
This  tissue  constitutes  the  bone-marrow  and  the  internal  layer  of  the 
periosteum  (called  Periosteal  marrow  by  Eanvier),  while  between  these 
two  there  is  a  connecting  network  traversing  the  Haversian  canals. 

From  these  observations  it  appears  that  in  childhood  the  bones  are 
in  an  extraordinary  state  of  activity,  a  process  of  enlargement  and 
reconstruction  continually  going  on.  At  the  same  time,  the  function 
of  the  bones  as  substantial  props  is  in  full  activity.  It  is  not  remark- 
able, therefore,  that  in  childhood  the  bones  are  peculiarly  liable  to 
disease,  which  may  take  origin  from  without  or  be  due  to  inherent 
weakness. 

In  the  diseases  both  of  children  and  adults  again,  there  may  be  a 
partial  return  to  the  conditions  of  the  period  of  growth,  and  osteoblasts 
and  osteoclasts  resume  their  operations,  the  processes  being  now  patho- 
logical. 
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Another  characteristic  of  pathological  processes  in  bone  is  the  occur- 
rence formerly  alluded  to,  of  Metaplasia.  Bone,  cartilage,  and  con- 
nective tissue  are  fundamentally  the  same  tissue,  and  apparently  the 
same  cells  may  be,  according  to  circumstances,  osteoblasts,  fibroblasts, 
or  chondroblasts.    This  will  be  illustrated  under  Fractures. 

literature. -Quain's  Anat.,  10th  ed.,  vol.  i.,  p.  268,  1891;  Meyeb,  Die  Arehi- 
tectur  del-  Spongiosa,  Eeichert  and  Du  Bois-Eeymond's  Arch.,  1867,  and 
Jubilaumsschrift  fur  von  Bischoff,  1882;  Wolff  (who  scarcely  does  justice  to 
Meyer),  Centralbl.  f.  d.  mad.  Wissensch.,  1869,  Virch.  Arch.;  1.,  1870,  and  Das 
Gesetz  der  Transformation  der  Knochen,  1892;  Eanvier,  Le  d6veloppement  du 
tissu  osseux,  1865  ;  Schmidt,  Lubarsch  and  Ostertag,  Ergebnisse,  iv.  1899,  v.,  1900. 

I.— SOME  AFFECTIONS  OF  THE  BONE-MARROW. 

The  bone-marrow  as  a  blood-forming  structure  is  intimately  con- 
cerned in  diseases  in  which  the  constitution  of  the  blood  is  altered. 
Most  of  these  conditions  have  been  already  considered  under  Pernicious 
anaemia  and  Leukaemia.  They  consist  chiefly  in  a  transformation  of 
the  yellow  marrow  in  the  situations  where  it  occurs  either  into  a  red 
mari'ow  such  as  occupies  the  medullary  spaces  in  the  foetus,  or  into  a 
white  or  yellow  lymphoid  marrow  whose  structure  resembles  that  of 
lymphatic  glands  (see  under  Leukaemia).  With  this  transformation 
there  is  sometimes  atrophy  of  the  bony  lamellse  so  as  to  give  more 
space  for  the  accommodation  of  the  altered  marrow. 

Besides  these  lesions,  the  bone-marrow  is  liable  to  lesions  in  acute 
infective  diseases,  these  lesions  somewhat  resembling  those  of  the 
spleen.  There  is  hypersemia  and  there  are  sometimes  haemorrhages 
which  may  take  the  form  of  infarctions.  According  to  Glolgi,  the 
bone-marrow  in  haemorrhagic  small-pox  shows  everywhere  diffuse 
haemorrhages. 

In  old  age  the  adipose  tissue  of  the  marrow  is  liable  to  undergo 
diminution,  and  its  place  is  taken  by  a  Gelatinous  substance  which  is 
scantily  cellular.  The  same  condition  is  met  with  in  chronic  diseases 
such  as  tuberculosis,  chronic  Bright's  disease,  etc. 

Literature.— Neumann,  Arch.  d.  Heilk.,x.  andxi.,  Centralb.  f.  d.  med.  Wissensch., 
1882,  p.  321 ;  Golgi,  Eev.  clin.  di  Bologna,  1873;  Ponfick,  Virch.  Arch.,  Ivi.,  Ix.; 
Chiari  (Small-pox),  Ziegler's  Beitrage,  xiii. ;  Geelmuyden  (Historical  account  and 
literature  as  well  as  independent  observations),  Virch.  Arch.,  cv.,  p.  136  ;  Mvm, 
Trans.  Path.  Soc.  Lond.,  xliii.,  1902. 

II.— MALFORMATIONS  OF  BONE. 
The  more  important  malformations  of  bone  are  connected  with 
general  malformations,  and  have  been  considered  in  an  earlier  part. 
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We  have  defects  of  the  skull  in  anencephalus,  and  of  the  vertebrae  in 
spina  bifida. 

Besides  these,  we  have  congenital  reduplication  of  bones,  such  as  of 
the  vertebrae,  the  ribs,  the  fingers,  and  toes.  Supernumerary  vertebrae 
<are  met  with  in  any  of  the  regions  of  the  column.  Supernumerary 
ribs  may  be  cervical  or  lumbar.  In  Supernumerary  fingers  and 
toes  the  bones  may  be  absent,  or  may  be  represented  only  by 
cartilage. 

Certain  Malformations  of  the  skull  have  been  ascribed  to  premature 
coalescence  of  the  bones  at  the  base,  or  of  the  sutures  of  the  cranium,  a 
condition  designated  Synostosis.  The  basilar  parts  of  the  occipital  and 
sphenoid  bones  are  formed  from  cartilage.  The  basilar  part  of  the 
sphenoid  is  originally  in  two  parts,  presphenoid  and  postsphenoid, 
vi^hich  unite  before  birth.  The  sphenoid  arid  occipital  bones  are 
sepai'ated  by  cartilage  up  till  the  twentieth  year,  and  as  this  cartilage 
has  the  characters  of  ossifying  cartilage,  on  it  the  growth  in  length  of 
the  base  of  the  skull  depends.  A  premature  synostosis  of  these  two 
liones  will  check  growth  and  lead  to  a  Shortening  of  the  base  of  the 
skull.  To  this  is  ascribed  the  existence  of  abnormal  retraction  of  the 
nose. 

The  bones  of  the  calvarium  grow  at  their  margins,  or,  in  other  words, 
at  the  sutures.  A  premature  coalescence  of  the  bones  or  Closure  of 
the  sutures  will  stop  this  growth.  According  to  the  sutures  affected 
the  result  varies.  If  all  the  sutures  close  there  will  be  a  general 
smallness  of  the  head,  a  Microcephalus.  If  there  be  a  premature 
synostosis  of  the  coronal  and  lambdoidal  sutures,  the  growth  in  length 
is  checked,  and,  as  a  compensatory  growth  in  breadth  occurs,  the  head  is 
abnormally  wide  and  flat  on  the  vertex,  conditions  designated  by  the 
terms  Brachycephalus  and  Platycephalus.  When  the  sagittal  suture 
is  afi'ected,  growth  in  breadth  is  interfered  with  and  an  abnormally 
long  cranium  is  produced,  a  Scaphocephalus. 

There  seems  no  doubt  that  microcephalus  arising  in  this  way  may 
lead  to  arrest  of  the  growth  of  the  brain,  some  cases  of  idiocy  being 
thus  explained.  On  the  other  hand  smallness  of  the  brain  will  be 
associated  with  smallness  of  the  skull,  but  this  will  not  be  associated 
with  premature  synostosis. 

A  similar  Synostosis  of  the  sacro-iliac  articulation  may  lead  to 
permanent  malformation  of  the  pelvis.  If  the  synostosis  occur  on  one 
side  the  sacrum  is  defective  in  its  lateral  mass  and  the  ilium  is  also 
imperfectly  expanded.  These  parts  being  shortened,  the  ilium  has  a 
straighter  course  from  sacrum  to  symphysis,  and  the  pubic  bono  of  the 
afi'ected  side  joins  the  opposite  one  at  an  angle.    The  pelvis  is  thus 
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narrowed  on  the  one  side.  If  the  synostosis  is  on  both  sides,  then 
both  iliac  bones  have  a  shorter  and  straighter  course,  and  the  pelvis 
has  a  more  quadrilateral  form  than  normal,  and  is  narrowed 
transversely. 

Literature.— ViRCHOw,  Ges.  Abhandl.  (with  classification  of  forms  of  skulls), 
1856,  p.  901;  Entwickel.  des  Schjidelgrundes,  1857;  Wiirzburger  Verhandl.,  vii., 
1857 ;  Virch.  Arch.,  v.,  xiii.,  and  xciv. ;  Litzmann  (Synostosis  in  pelvis),  Arch.  f. 
Oyn.,  XXV.,  1884. 

III.— DISEASES  OF  THE  DEVELOPING  BONES,  RICKETS  OR 
RACHITIS,  CRETINISM. 

Causation  of  rickets. — This  disease  occurs  in  children  during  the 
earlier  periods  of  growth,  and  so  far  as  the  bones  are  concerned  it  is  a 
disease  of  development,  the  normal  process  of  ossification  being  inter- 
fered with.  Cases  have  been  observed  of  congenital  rickets,  but  these 
are  rare,  and  in  the  majority  of  cases  it-  begins  in  the  first  or  second 
year,  its  commencement  being  very  rarely  delayed  beyond  the  fourth 
or  fifth  year.  In  a  large  proportion  of  cases  its  onset  seems  to  be  in 
the  latter  half  of  the  first  year  or  the  first  half  of  the  second. 

An  endeavour  has  been  made  to  make  out  that  rickets  is  merely  a  manifestation 
of  hereditary  syphilis,  but  this  view  has  not  received  acceptance  in  this  country. 
It  has  been  pointed  out  again  and  again  that  rickets  is  very  common  in  cities  where 
syphilis  is  uncommon.  In  the  city  of  Glasgow,  for  instance,  rickets  is  very  common 
among  the  poorer  classes,  but  syphilis  is  relatively  uncommon.  It  is  so  also  in 
Aberdeen,  Edinburgh,  Belfast,  and  elsewhere.  We  shall  see  afterwards  that  syphilis 
produces  changes  in  "the  bones  in  some  respects  analogous  to  rickets,  and  atrophy 
of  the  cranial  bones,  sometimes  designated  Craniotahes,  although  formerly  regarded 
as  rachitic,  is  probably  in  most  cases  syphilitic  ;  the  two  diseases,  however,  are 
essentially  distinct. 

Rickets  occur  amongst  children  who  are  injudiciously  fed  and  badly 
housed,  and  the  disease  in  the  bones  is  to  be  regarded  as  part  of  a 
general  loss  of  health.  The  body  is  weakened,  and,  besides  the 
bones,  other  parts  suffer.  According  to  Macewen,  it  supervenes 
in  a  considerable  number  of  cases  on  an  attack  of  one  of  the  acute 
fevers,  as  measles  or  scarlet  fever,  such  an  attack  leaving  the  child  in  an 
ill  nourished  condition.  There  are  usually  symptoms  of  indigestion 
and  intestinal  catarrh,  sometimes  with  fever,  and  in  a  certain  proportion 
of  cases  there  is  enlargement  of  the  spleen  and  sometimes  also  of  the 
liver  and  lymphatic  glands.  The  bones,  being  the  most  actively 
growing  parts  at  this  peiiod  of  life,  are,  however,  specially  affected. 

Eickets,  or  a  condition  analogous  to  it,  has  been  produced  artificially  in  growing 
ammals  by  feeding  them  with  small  doses  of  phosphorus,  or  by  giving  them  lactic 
acKl,  by  the  mouth  or  subcutaneously.    In  both  cases  the  diet  must  be  deficient  in 
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lime  salts.  In  the  latter  case  it  has  been  supposed  that  the  lactic  acid,  being  a 
ready  so  vent  of  lime,  prevents  its  deposition  in  the  bones,  and  it  has  been  inferred 
that  in  the  human  subject  gastric  derangement  causes  the  formation  of  an  excess  of 
lactic  acid,  which  is  the  cause  of  the  disease  in  the  bones.  There  is,  however,  the 
objection  to  this  view,  that  rickets  is  not  always  accompanied  by  any  considerable 
gastric  disorder,  and  such  a  view  does  not  explain  its  occasional  occurrence  in  the 
fcetus.  Besides,  the  disease  is  clearly  an  error  in  development,  and  were  it  due 
merely  to  absence  of  the  lime  salts,  we  should  expect  the  bony  matrix  to  be  formed 
without  the  hme  salts.  The  very  opposite  frequently  occurs :  we  have  often  an 
impregnation  of  the  cartilage  with  lime  salts,  a  calcification  of  the  cartilage  (see 
Fig.  399,  h,  b),  while  true  ossification  lingers.  Eickets  can,  in  most  cases,  be  cured 
by  supplying  sufficient  food  and  proper  lodging,  and  this  points  to  its  origin  in  the 
opposite  of  these. 

Character  of  lesions. — The  lesions  in  rickets  may  be  summed  up  in 
the  statement  that  the  preparatory  stages  of  ossification  are  exagger- 
ated, while  the  completion  of  the  process  is  delayed. 

At  the  ossifying  cartilaginous  border  the  conditions  may  be  stvidied 
by  examining  Fig.  399,  and  comparing  it  with  Fig.  398,  which  represents 
normal  ossification,  both  figures  possessing  a  similar  degree  of  magni- 
fication. The  most  pronounced  diff'erence  from  the  normal  is  the 
enormous  exaggeration  of  the  zone  of  multiplication  of  the  cartilage 
cells  (a,  a).  The  groups  of  cells  are  in  much  larger  numbers  and 
occupy  a  much  greater  space  ;  at  the  same  time  they  have  not  always 
the  normal  arrangement  in  rows  parallel  to  the  long  axis  of  the  bone. 
The  cells  of  the  groups  also  vary  considerably  in  size.  In  the  normal 
bone  the  cells  in  the  deepest  part  of  this  zone  are  large,  but  in  rickets, 
Avhile  some  are  large,  as  at  h,  there  are  others  even  at  the  same  level, 
or  deeper,  of  small  size. 

Next,  in  regard  to  the  zone  in  which  the  cartilaginous  matrix 
becomes  calcified,  this  also  is  represented  here  in  the  most  irregular 
fashion.  Calcification  of  the  matrix  and  of  the  cartilage  cells  (as  at 
b  on  left)  occurs,  but  it  is  very  irregular.  Thus  calcification  of  the 
cartilage  may  be  seen  high  up,  as  at  b,  while  numerous  groups  lower 
down  remain  uncalcified.  In  many  cases  also,  whether  calcified  or 
not,  the  cartilage  cells  lose  to  a  considerable  extent  their  characteristic 
grouping  (as  below  b  on  left). 

Then  as  to  the  formation  of  medullary  cavities  and  development  of 
bone,  the  figure  shows  how  irregularly  this  occurs.  Blood-vessels 
appear  with  considerable  frequency  in  the  midst  of  the  cartilage,  and 
towards  the  deeper  parts  there  are  medullary  spaces  with  osteoblasts  in 
them.  These  may  even  be  seen  forming  new  bone,  as  at  d.  But  the 
medullary  cavities  do  not  occur  with  any  greater  regularity  than  the 
other  stages  in  the  process,  and  it  is  not  always  apparent  that  they 
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farti^aKe  cells  thi  ,  ,  i  f  ^ip'^'"'"  ossifying  margiu  of  a  long  bone  in  rickets  :  o,  prolifcnitinff 
c  Stion  of  th,f V^^^  ^'■''''"y  extended  and  the  arrangement  quite  ii-rogular  ;  iT. 

niedullarrcavit^es  Tt'^''^""",".  '""^r''  different  levels,  but  not  followed  by  fonnation  of 
irreg,,lariv,  ho  ovel  bei„^"h,vw"  of  medullary  cavities  (e,  .)  and  of  bone  is  occurring  quito 
f-r.ni.ig  bone     n  varicmi^,,!.     °  "''^^       "^'^  At  d  the  osteoblasts  are 

and  an  apparent  trlnsiH.m^^^^^^^^^^  especially  at  c«,  pieces  of  cartilage  are  seen  in  the  midst  of  bono. 
1  parent  transition  of  the  one  into  the  other  is  seen,    x  90.  (TniKRFKi.DKR.) 
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have  to  do  with  the  formation  of  the  bone.  It  will  be  seen  in  the 
figure  that  at  a  certain  somewhat  indefinite  level,  which  is  lower  at  the 
left  side  than  at  the  right,  bony  trabecular  appear  (c,  c).  But  it  will 
also  be  seen  that  the  bone  is  directly  continuous  with  cartilage,  the 
difference  in  the  two  being  indicated  chiefly  by  the  difference  in  the 
cells.  It  appears  also  that  in  the  cartilage,  which  is  thus  immediately 
continuous  with  the  bone,  the  individual  cartilage  cells  are  separated 
by  a  matrix  just  as  the  bone  corpuscles  are  (see  figure).  In  fact  there 
is  here  a  conversion  of  cartilage  into  bone,  and  there  are  even  appear- 
ances suggestive  of  the  gradual  transformation  of  cartilage  cells  into 
bone  corpuscles.  It  will  be  seen  in  various  places,  but  especially  at  d, 
that  pieces  of  cartilage  survive  in  the  midst  of  the  new-formed  bone. 
Such  cartilage  may  be  calcified  or  not. 

To  the  naked  eye  the  changes  described  above  are  indicated  in  a 
longitudinal  section  of  a  rickety  long  bone.  The  blue  zone,  which 
forms  a  straight  narrow  transverse  line  in  the  normal  bone,  is  here 
greatly  increased  and  its  boundaries  are  irregular.  The  yellow  zone 
of  calcification  of  the  cartilage  is  still  more  irregular,  and  yellow  pieces 
crop  up  in  the  midst  of  the  blue  zone.  Blood-vessels  appear  also  at 
difi'erent  levels.  In  the  area  of  the  blue  zone  the  cartilage  is  greatly 
swollen;  as  the  enormously  multiplying  cells  take  more  space  than 
normal. 

Under  the  periosteum  the  normal  thin  layer  of  osteoblasts  is  in-  • 
creased  till  it  forms  a  layer  of  considerable  thickness.  Bone  is  formed 
to  a  very  limited  extent  and  very  imperfectly,  so  that  instead  of  a 
proper  dense  bone,  such  as  should  be  formed  on  the  surface  of  the 
shaft,  there  is  a  loose  irregular  spongy  bone.  But  even  the  trabeculse 
of  this  spongy  bone  are  not  properly  formed.  Immediately  under  the 
thick  subperiosteal  layer  the  new-formed  bone  does  not  show  in  its 
matrix  the  homogeneous  character  of  the  matrix  of  bone ;  it  is  granular, 
and  the  lime  is  obviously  deposited  without  combining  with  the  matrix 
in  the  normal  manner.  It  is  a  calcification  rather  than  an  ossification, 
and  the  trabeculae  are  rather  osteoid  than  osseous.  On  passing  inwards 
the  tissue  becomes  more  strictly  osseous  however,  although  hardly 
acquiring  the  regular  arrangement  of  the  dense  bone  of  the  shaft. 

Corresponding  with  the  structure  described  are  the  naked  eye 
characters.  The  subperiosteal  layer  is  seen  in  the  form  of  a  red 
vascular  layer  of  some  thickness.  This  is  so  obvious  in  some  cases 
that,  at  one  time,  it  was  described  as  if  a  blood-clot  were  formed  under 
the  periosteum.  Beneath  this  the  spongy  character  of  the  bone  can  be 
seen,  while  the  shaft  is  considerably  thicker  than  normal  and  obviously 
more  easily  bent. 
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Deformities  of  the  bones  due  to  rickets.— In  considering  the  de- 
formities so  often  produced  by  rickets,  it  is  to  be  remembered  that 
the  two  chief  changes  in  the  bones  are,  in  the  first  place,  enlargement 
and  softening  of  the  epiphyseal  extremities  of  the  bones  from  the 
affection  of  the  cartilage,  and  in  the  second  place,  thickening  with 
loss  of  resistance  of  the  shaft  from  the  periosteal  lesion.  These  con- 
ditions do  not  always  go  strictly  parallel,  one  or  other  being  frequently 
the  more  prominent  in  a  par- 
ticular bone.  The  various  bones 
of  the  body  also  present  very 
commonly  different  degrees  of 
rickets,  although  the  disease, 
being  a  general  one,  usually 
affects  many  bones.  Even  in 
bones  affected  to  a  similar  ex- 
tent, however,  the  resulting  de- 
formities present  very  great 
variations ;  the  deformities  con- 
sist largely  of  curvatiu-es  of  the 
bones  from  the  application  of 
external  forces  and  the  bones  are 
differently  placed  in  relation  to 
such  forces. 

Deformities  of  the  long  bones. — 

The  most  obvious  change  at  the  out- 
set is  swelling  of  the  cartilaginous 
ends  (see  Fig.  400)  of  the  long  bones, 
giving  a  clubbed  or  knobbed  appear- 
ance to  the  limbs.  This  is  common 
to  all  the  long  bones,  and  is  the 
condition  generally  taken  in  ijractice 
as  evidence  of  the  existence  of  the 
disease.  The  bones  are  also  arrested 
in  their  growth,  so  that  they  are 
stunted  while  at  the  same  time  they  are  unduly  thick. 

The  remaining  deformities  occur  in  the  majority  of  cases  in  the  lower  limbs, 
and  are  the  result  of  the  weight  of  the  body  acting  on  the  bones  in  their  weakened, 
condition.  Similar  deformities  are  met  with  in  the  hones  of  the  arms  (see  Fig. 
400)  in  cases  where  external  force  is  frequently  applied  to  them,  as  where  a  child 
in  creeping  leans  on  the  arms,  or  where  a  nurse  frequently  lifts  a  child  by  one 
arm  (Macewen).  The  deformities  consist  mainly  of  curvatures  of  the  shafts  of 
the  bones  along  with  shifting  of  the  epiphyses  in  some  cases. 

Shifting  of  the  epiphyses  is  due  to  the  condition  of  the  ossifying  cartilage. 
The  extended  blue  zone  at  the  cartilaginous  border,  being  soft,  allows  the  epiphysis 
to  change  its  position  according  to  the  direction  of  pressure,  and  so  at  the  ankle 


Fig.  400. — Humerus  aud  radius  and  ulna  in 
rickets.  The  humerus  is  much  swollen  in  its 
upper  parts.  The  hones  of  the  fore-arai  are 
much  bent. 
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the  p,phys.s  :8  sometimes  displaced  in^vards,  and.  as  it  were,  overhangs  the  joints 
on  Its  internal  aspect.    The  same  may  occur  at  the  knee-joint,  and  Le  in tei-na 
condyle  may  exceed  in  length  the  external  even  after  the  disease  has  been  cured 

The  curvatures  of  the  bones  (see  Figs.  400  and  401)  are  due  mainly  to  the  weight 
of  the  body  acting  on  the  softened  shafts,  and  as  the  pressure  acts  mainly  on  the 

lower  limbs  the  two  principal  forms  are 
genu  valgum  and  genu  varum. 

Genu  valgTim,  or  knock-knee,  is  a 
condition  in  which  the  thigh  and  leg 
form  an  angle  at  the  knee  with  its  apex 
inwards.  This  deformity  depends  usually 
on  several  alterations.  There  is  generally 
a  curve  of  the  lower  third  of  the  femur, 
with  its  convexity  inwards,  the  effect 
of  this  being  that  the  internal  condyle 
is  lower  and  the  external  higher  than 
normal.  Along  with  this  there  is  usually 
the  lengthening  of  the  internal  condyle 
already  referred  to,  and  illustrated  in 
Fig.  397,  p.  612.  As  a  rule  the  tibia 
is  not  bent,  the  two  conditions  named 
taking  the  chief  part  in  producing  the 
deformity,  but  sometimes  the  shaft  of  the 
tibia  is  at  an  angle  with  the  epiphysis, 
as  if  the  latter  were  to  some  extent 
overhanging  the  former.  In  addition  the 
femur  or  tibia  sometimes  shows  an  an- 
terior curvature,  which  of  course  does  not 
increase  the  valgum  condition.  . 

Genu  varum,  or  bow-legs,  is  the  con- 
verse condition  to  genu  valgum.  The 
shafts  of  the  femur  and  tibia  are  curved, 
with  the  convexity  outwards,  but  these 
bones  take  part  in  the  deformity  in  very 
different  degrees,  the  tibial  curve  being 
more  frequent  and  usually  more  pro- 
nounced than  that  of  the  femur. 

The  long  bones  being  soft  and  flexible 
are  not  so  liable  as  normal  bones  to 
complete  fractures,  but  they  are  specially  liable  to  Partial  fractures  or  Infractions. 
If  the  bone  is  suddenly  bent  it  does  not  break  across,  but  is  partially  torn  as 
when  an  attempt  is  made  to  break  a  green  stick.  In  this  case  the  concave  surface 
of  the  bent  bone  gives  way  and  the  convex  surface  does  not.  The  marrow  is 
torn  by  the  broken  concave  portion,  the  broken  edges  of  which  may  be  projected 
through  the  marrow  to  the  opposite  internal  wall.  This  kind  of  fracture  has  been 
aptly  compared  by  Virchow  to  the  breaking  of  a  quill.  These  infractions  occur 
most  frequently  in  the  lower  part  of  the  tibia,  also  in  the  pelvis  and  ribs,  and 
less  frequently  in  the  bones  of  the  arm. 

Deformities  of  the  chest. — The  junction  of  the  cartilaginous  and  bony  ribs  is 
analogous  to  the  ossifying  cartilage  of  a  long  bone,  and  undergoes  a  similar 


Fig.  401. — Bending  of  tibia  and  fibula  from 
rickets.  The  active  disease  had  ceased  in 
this  case. 
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thickening  in  rickets.  These  parts  of  the  ribs  are  therefore  knobbed,  and  there 
is  thus  a  row  of  knobs  on  each  side  of  the  chest— the  so-called  Rachitic  rosary 
(Fig.  402).  The  chest  is  also  liable  to  deformity  from  the  flexibility  of  the  ribs. 
During  inspiration  the  lateral  aspects  of  the  ribs  are  drawn  inwards  from  being 
unable  to  withstand  the  atmospheric  pressure,  so  that  instead  of  the  natural  arch 
with  the  convexity  outwards,  these  lateral  portions  are  flattened  or  even  rendered 
concave.    As  the  ribs  take  thus  a  straighter  course  the  sternum  is  pushed  for- 


Fig.  402. — The  Rachitic  i-osary.    The  kuob-like  swellings  at  the  junction  of  the 
cartilaginous  and  osseous  ribs  are  shown  viewed  from  within. 

ward,  and  the  antero-posterior  diameter  of  the  chest  increased.  Fig.  403  repre- 
sents a  section  of  a  rib  from  a  rachitic  rosary. 

Deformities  of  the  vertebrse. — The  vertebrte  very  often  escape  in  the  milder 
forms  of  rickets,  but  in  many  cases  they  also  are  composed  of  abnormally 
spongy  bone,  and  allow  of  the  occurrence  of  curvature.  Such  curvatures  are 
mostly  exaggerations  of  the  normal  antero-posterior  curves,  but  lateral  curva- 
ture also  occurs.  Any  considerable  curvature  may  cause  narrowing  of  the  chest, 
and  if  this  be  associated  with  the  deformity  mentioned  above,  the  interference 
with  the  circulation  and  respiration  may  be  serious. 

Deformities  of  the  pelvis. — These  are  of  great  importance  in  the  female  in 
relation  to  the  possible  occurrence  of  pregnancy  in  after  life.  The  chief  de- 
formity is  produced  by  the  weight  of  the  body  acting  through  the  vertebral 
column  of  the  sacrum.  This  bone  is  pushed  forward  and  the  pelvis  undergoes 
a  corresponding  displacement  of  its  parts,  the  antero-posterior  diameter  being 
diminished.  The  growth  of  the  bones  here  is  also  stunted,  and  the  pelvis 
therefore  remains  unduly  small.    (See  Fig.  404.) 

The  bones  of  the  head  frequently  undergo  very  marked  deformities.  The  bones 
of  the  face,  like  the  bones  generally,  are  stunted  in  their  growth  so  that  the 
face  IS  small.  It  is  also  stated  that  the  jaws  by  the  action  of  the  muscles 
undergo  changes  in  shape  by  which  the  lower  jaw  is  shortened  and  the  upper 
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Pig.  403. — Longitudinal  section  of  a  rib  from  a  rachitic  rosary,    x  (5. 


Fig.  404. -The  pelvis  in  rickets.  There  was  great  diminution  of  the  antoro- 
postorior  diameter  necessitating  Caosarian  section. 
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jaw  lengthened,  so  that  the  teeth  of  the  latter  overlap  very  much  those  of  the 
former.  While  these  are  the  conditions  in  the  face  the  bones  in  the  cranium 
present  striking  peculiarities.  The  flat  bones  ossify  from  membrane,  and  in 
rickets  we  have  the  ossification  lingering  behind  so  that  at  their  borders  these 
bones  present  somewhat  broad  areas  in  which  there  is  soft  tissue  like  that  under 
the  periosteum.  The  effect  of  this  is  to  cause  an  apparent  widening  of  the  sutures 
and  extension  of  the  fontanelles.  The  closure  of  the  fontanelles  is  also  delayed. 
The  thickness  of  the  skull  is  increased,  just  as  is  that  of  the  shafts  of  the  long 
bones,  the  pericranium  like  the  periosteum  generally  producing  a  thick  layer  of 
loose  ill-formed  bone.  The  cranium  is  thus  enlarged  in  circumference,  and  at  the 
same  time  it  is  commonly  flattened  on  the  summit.  The  enlargement  of  the 
cranium,  with  the  stunted  condition  of  the  face,  causes  the  well-known  over- 
hanging of  the  brow  so  often  seen. 

Another  occasional  consequence  of  rickets  is  the  condition  designated  Craniotabes. 
As  we  shall  see  afterwards,  this  is  frequently  a  consequence  of  syphilitic  disease  of 
the  bones,  but  it  occurs  also  in  rickets.  The  bone  in  rickets  is  soft,  possessing  less 
power  of  resistance  than  normal  bone.  If  the  child  be  lying  constantly  on  one 
spot,  or  if  the  contents  of  the  skull  be  increased,  as  in  chronic  hydrocephalus,  then 
the  pressure  on  the  bone  may  cause  it  to  waste.  This  occurs  most  frequently  when 
both  these  conditions  are  present,  and  the  bone  is  as  it  were  between  two  pressures. 
In  this  way  may  occur  thinning  and  actual  perforation  of  the  skull,  so  that  in  the 
midst  of  the  bones  there  will  be  holes,  where  the  brain  is  covered  by  the  soft  parts 
alone.  From  the  nature  of  the  case  it  will  be  understood  that  these  apertures  are 
mostly  in  the  occipital  or  the  parietal  bone,  according  as  the  child  lies  mostly  on 
its  back  or  side. 

Becovery.— This  takes  place  in  rickets  by  the  removal  of  the  in- 
sanitary conditions,  or  by  the  termination  of  the  period  of  growth. 
The  ossification  advances  in  the  cartilage  and  under  the  periosteum. 
The  spongy  bone  produced  under  the  periosteum  becomes  dense,  and 
so  the  bone  may  be  unduly  heavy  and  thick,  while  it  is  stunted.  The 
deformities  having  occurred  in  a  rigid  structure  are  rendered  even  more 
fixed  by  the  completion  of  the  ossification.    There  is,  however  in  the 
course  of  time  an  effort  on  the  part  of  nature  to  restore  the  normal 
architecture  of  the  bones  (see  Fig.  397);  where  they  are  bent  absorption 
occurs  on  the  convex  surfaces  and  increased  new-formation  on  the  con- 
cave ■  there  may  be  considerable  restoration  of  the  proper  shape  in  the 
long  bones,  but  usually  much  less  in  the  pelvis,  head,  and  thorax. 

Deformities  of  the  bones  in  Cretins.-Although  the  pathology  of 
Cretinism  is  not  fully  elucidated,  yet  much  light  has  been  thrown  on  it 
f       ^^^P^^'""'  ^^^^^^'^'^S  on  disease  or  ex- 

morWdl         t  ^'^'^^^^^      ^PP^^«"^ly  due  to  a 

wClf;.^  P™"^        ^^3^--^  (see  under 

Irttfle'  r   ^::rr"^  P^^-^^ly  the  consequence  of 

pectnv  r  ^'^^  S^^"^-  These-lesions  concern 

especially  the  cutaneous,  the  nervous,  and  the  osseous  systems 
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So  far  as  the  bones  are  concerned,  the  chief  lesion  is  a  stunting  of 
them,  due  principally  to  defect  in  the  ossification  from  cartilage.  The 
ossifying  margin  of  the  long  bones  does  not,  as  in  rickets,  show  a 
proliferation  of  the  cartilage  cells,  but  these,  on  the  contrary,  seem  to 
leave  oft'  their  active  function.  There  is  thus  a  pause  or  retardation  of 
the  process,  with  the  result  that  the  bones,  and  particularly  the  long 
bones,  are  stunted  in  their  growth.  This  applies  to  the  basilar  parts 
of  the  occipital  and  sphenoid  bones  which  are  ossified  from  cartilage. 
Here  also  the  elongation  of  the  bone  is  retarded,  with  the  result  that 
the  base  of  the  skull  is  shortened.  The  result  is  similar  to  that  of 
premature  synostosis  of  these  bones  (see  p.  616),  and  such  a  synostosis 
may  itself  occur  although  this  is  not  usual  (E.  Klebs).  Besides  the 
shortening  of  the  base,  there  is  a  thickening  of  the  bones  of  the  cranium 
and  sometimes  a  synostosis  of  the  sutures.  As  a  further  indication  of 
retardation,  the  eruption  of  the  teeth  may  be  delayed  and  the  per- 
manent teeth  retained  in  the  jaws. 

The  Cretin  has  usually  a  stunted  body  with  short,  thick  legs.  The 
head  has  the  face  ill-developed  and  the  cranium  prominent.  The  state 
of  idiocy  which  accompanies  these  conditions  is  due  more  to  a  direct 
action  on  the  brain  of  the  causative  agent  than  to  the  condition  of  the 
bones. 

FoBtal  Rickets.  Micromelia  Chondromalacica.— These  names  are 
applied  to  cases  in  which  a  child  is  born  with  a  shortened  body,  short 
plump  limbs,  folded  skin,  prominent  abdomen.  The  bones  are  short 
and  thick,  and  present  enlargements  at  their  ends.  There  is  thus  a 
certain  outward  resemblance  in  the  condition  of  the  bones  to  rickets, 
but  .histologically  the  condition  is  entirely  difi"erent.  The  stunting  of 
the  bones  is  due  to  an  almost  entire  cessation  in  the  activity  of  the 
cartilage,  whilst  the  ossification  is  not  similarly  delayed.  It  is  thus 
almost  precisely  the  converse  of  the  condition  in  rickets.  A  synostosis 
of  the  base  of  the  skull  is  apparently  a  constant  concomitant. 

The  relation  of  the  condition  in  question  to  Cretinism  has  been  much 
discussed.  By  many  it  is  believed  to  be  a  foetal  manifestation  of 
Cretinism,  but  this  is  doubted  by  others  (Marchand),  especially  on  the 
ground  that- it  occurs  in  regions  where  Cretinism  is  not  endemic,  and 
also  that  in  such  regions  Cretinism  begins  its  manifestations  after  birth. 
It  is  to  be  added  that  the  so-called  foetal  rickets  has  been  observed  n. 
the  calf  by  Eberth,  and  regarded  by  him  as  a  manifestation  of  Cretnusm. 
The  exact  relation  of  the  two  conditions  must  in  the  meantmie  reman. 

in  abeyance.  ^         ^\    r  f 

Scurvy  Rickets  is  the  name  often  employed  to  denote  the  form  ot 

scurvy  met  with  in  childhood. 
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IV.— RETROGRADE  CHANGES. 


1.  Atrophy.— The  bones  are  liable  to  various  forms  of  atrophy. 
One  of  the  commonest  is  that  described  as  Atrophy  from  pressure, 
which,  however,  is  not  true  atrophy,  but  an  absorption  of  bone.  It  is 
illustrated  by  the  case  of  Aneurysms  which  in  their  growth  meet  with 
bony  structures  such  as  the  vertebrae  (see  under  Aneurysm),  or  the 
sternum  and  ribs.  The  bone  is  eroded,  while  any  contiguous  cartilage 
is  preserved.  In  this  way,  by  destruction  of  the  bone,  the  intervei^ebral 
cartilages  or  the  cartilaginous  ribs  may  be  rendered  unduly  prominent. 
A  similar  erosion  of  the  bone  is  sometimes  produced  in  the  skull  by  the 
Pacchionian  bodies  which  may  produce  deep  pouches  in  the  internal 
table.    In  a  similar  manner  tumours  also  lead  to  destruction  of  bone. 

Senile  atrophy  of  the  bones  is  a  true  atrophy.  It  consists  in  a 
general  diminution  in  the  organic  matrix  of  the  bone  so  that  the  pro- 
portion of  lime  salts  increases,  but  there  is  at  the  same  time  frequently 
a  diminution  in  thickness  or  an  increased  porosity  of  the  bone.  In  old 
age  the  neck  of  the  femur  is  frequently  shortened  and  forms  a  wider 
angle  with  the  shaft.  The  calvarium  in  old  people  is  frequently 
diminished  in  thickness  and  very  translucent,  but  this  is  by  no  means 
constant,  nor  is  it  limited  to  old  people. 

Atrophy  from  disuse  and  from  nervous  lesions  occurs  chiefly  in 
cases  of  paralysis.  In  pseudo-hypertrophic  paralysis,  as  shown  by  a 
specimen  in  the  museum  of  the  Western  Infirmary,  Glasgow,  there  is 
great  atrophy  of  the  bones  of  the  lower  limb.  In  infantile  paralysis  and 
locomotor  ataxia  there  is  also  frequently  atrophy  of  the  bones  at  the 
]omts.  After  Fractures  which  have  not  united,  the  bones  may 
atrophy,  sometimes  from  disuse  but  at  other  times  from  interference 
with  the  nutrient  artery.  In  cases  of  atrophy  from  disuse,  from  what- 
ever cause,  the  medullary  spaces  are  enlarged  by  absorption  of  the 
t)one.  ihus,  the  shaft  is  thinned  and  the  spaces  in  the  cancellated 
tissue  are  enlarged.    The  increased  bone  marrow  is  a  fatty  marrow. 
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and  the  bone  as  a  whole  contains  more  fat  than  normal — a  kind  of 
Fatty  infiltration. 

2.  Osteomalacia  or  MoUities  ossium. — This  condition. is  liable  to  be 
confused  with  rickets  on  the  one  hand  and  simple  atrophy  on  the  other. 
It  differs  from  rickets  in  being  a  disease  of  mature  bone,  rarely  occurring 
in  children.  It  leads,  like  rickets,  to  weakness  of  the  bones,  rendering 
them  liable  to  various  curvatures  and  deformities. 

In  its  causation  the  disease  is  often  obscure,  but  pregnancy  seems  in 


Fig.  405. — The  ijclvis  in  ostuomalacia. 

many  cases  the  determining  cause.    It  may  come  on  during  pregnancy 
and  run  a  rapid  course.    It  has  also  been  observed  in  cases  of  insanity,, 
and  here  the  softness  of  the  bones  may  lead  to  fractures  from  compara 
tively  slight  violence.    Osteomalacia  carcinomaiosa  is  a  condition  met  with 
occasionally  in  the  late  stages  of  cancer  when  the  bones  are  secondarily 

involved.  ,  .  , 

The  disease  usually  begins  in  the  bones  of  the  pelvis,  vertebra?,  or 
ribs  but  extends  to  the  rest  of  the  skeleton,  continuing  to  progress  up 
till  death  The  cases  present  various  curvatures  and  partial  fractures 
The  pelvis  is  specially  liable  to  deformity,  the  acetabula  being  pushed 
inwards  and  the  cavity  narrowed.  (See  Fig.  405.)  The  bones  as  seen 
after  death  are  soft  and  light  so  that  they  may  float  m  water,  and  thev 
are  easily  cut  with  the  knife  or  scissors. 
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The  lesion  consists  of  a  solution  of  the  bone  with  a  corresponding 
increase  in  the  medullary  spaces.  It  begins,  as  shown  in  Fig.  406,  in 
a  decalcification  of  the  bony  trabeculae,  in  the  parts  next  the  medullary 
spaces  and  Haversian  canals,  so  that  instead  of  these  trabeculse  having 
in  the  fresh  state  a  homogeneously  opaque  appearance,  they  show  at 
their  peripheries  a  transparent  zone  in  which  the  bone  corpuscles  are 
visible  but  without  their  canaliculi.  The  appearance  of  these  parts  is 
precisely  that  of  bone  ai'tificially  decalcified  by  steeping  in  an  acid.  The 


Fig.  40(i.— A  fragment  of  bouofrom  ii  case  of  Osteouiiilacia.  The  central  part  .shows 
the  usual  appearauce  of  bone  while  the  marginal  parts  are  transparent,  being  devoid 
of  hme  salts,  although  still  showing  bone  corpuscles,    x  HO.  B  "<-vom 

decalcified  parts  may  be  rendered  prominent  by  staining  with  carmine, 
the  unaff-ected  bones  remaining  uncoloured  while  the  affected  parts  are 
stained.  The  disease  advances  by  the  decalcified  parts  dissolving  so 
that  the  medullary  spaces  increase,  while  the  decalcification  further 
encroaches  on  the  bony  trabeculaj. 

The  bone-marrow  is  in  some  cases  replaced  by  round-celled  tissue  as 
It  the  process  partly  partook  of  an  inflammatory  character;  in  other 
cases  the  adipose  tissue  of  the  marrow  seems  to  undergo  increase,  so  as 
to  fill  the  enlarged  spaces.  This  appears  to  have  been  the  case  in 
specimens  examined  by  John  Hunter,  which  he  thus  describes  -  "The 

'"'^^         ^^^^"^  «^--t-e  being 

veiy  different  from  other  bones,  and  wholly  composed  of  a  new  sub 
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stance  resembling  a  species  of  fatty  tumour,  and  giving  the  appearance 
of  a  spongy  bone  deprived  of  earth  and  soaked  in  soft  fat."  In  these 
cases  the  medulla  forms  a  bright  yellow,  pink,  or  deep  crimson  material, 
and  when  examined  microscopically  presents  free  oil  in  great  quantit}' 
with  crystals  of  margarine. 

[Necrosis  is  considered  in  a  special  section  after  inflammation.] 

Literature.— John  Hunter,  quoted  by  Paget,  Lect.  on  Surg.  Path.,  1870,  p.  103  ; 
Stansky,  Eech.  sur  I'osteomalacie,  1851 ;  Eokitansky,  Handb.  d.  path.  Anat. ; 
RiNDFLEiscH,  Path.  Hist. ;  Cohnheim,  Path.  Anat.,  i. ;  Pommee,  Unters.  iiber 
Osteomalacia  und  Rachitis,  1885 :  von  Recklinghausen,  Virchow's  Festschrift, 
1891 ;  Eehn  (a  case  in  childhood),  Jahrb.  f.  Kinderheilk.,  xii.  ;  Vincent,  in  Internat. 
Syst.  of  Surg.,  1886;  Shattock,  Path.  Trans.,  xxxviii.,  1887;  Eibbert,  Biblioth. 
Medica.,  1893,  c,  Heft  2;  Eisenhaet  (Puerperal  osteomalacia),  Arbeit.  Med.-klin. 
Inst.,  Munich,  1893  ;  Eitchib  (Osteomalacia),  Edin.  Med.  Jour.,  189(5 ;  Schmidt, 
Lubarsch  and  Ostertag,  Ergebnisse,  iv.,  1899. 

v.— INFLAMMATIONS  OF  BONE,  OSTITIS,  PERIOSTITIS, 
OSTEOMYELITIS. 

Introductory.— Inflammations  of  bone  are  sometimes  distinguished 
according  as  they  afl"ect  the  periosteum  (Periostitis),  the  bone  proper 
(Ostitis),  or  the  bone-marrow  (Osteomyelitis).  Such  a  distinction,  how- 
ever, is  not  consistent  with  actual  fact.  We  have  already  seen  that  in 
the  growing  bone  the  proper  tela  ossea  is  enveloped  in  an  active  cellular 
tissue,  which  is  beneath  the  periosteum,  in  the  substance  of  the  bone 
filling  its  spaces,  and  in  the  medulla.  In  the  adult  the  remains  of  this 
tissue  is  still  present  and  capable  of  activity.  In  inflammations  it  is 
this  tissue,  which  by  some  writers  is  altogether  included  as  the  bone- 
marrow,  that  is  specially  affected.  The  majority  of  cases  of  inflam- 
mation of  bone  occur  in  childhood,  when  this  tissue  is  still  active,  and 
when  inflammation  occurs  in  adults  the  state  of  activity  is  restored. 
While  this  is  true  it  will  be  understood  that  the  phenomena  of  inflam- 
mation are  frequently  most  manifest  on  the  surface  or  in  the  marrow 
of  bones,  because  the  soft  tissue  is  most  abundant  there.  It  is  also  to 
be  remembered  that  the  surface  of  bones  is  most  exposed  to  injury, 
and  that  inflammations  may  thus  arise  which  will  chiefly  afl-ect  the 
periosteum  and  superficial  layers  of  the  bone.  . 

1  Acute  and  suppurative  inflammations  of  bone.— The  pyogenic 
microbes  may  be  directly  introduced  from  without  or  may  reach  the 
bone  by  the  blood,  and  hence  two  principal  forms  may  be  distinguished. 

(a)  Acute  traumatic  ostitis.-This  occurs  chiefly  in  cases  of  Com - 
nound  fracture  where  septic  processes  have  occurred  in  the  wound,  it 
used  to  be  very  common  before  the  introduction  of  antiseptic  surgeiy. 
The  suppurative  inflammation  extends  between  the  broken  ends  of  the 
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bones,  and  amongst  the  surrounding  soft  tissues,  and  abscesses  fre- 
quently form  around  the  seat  of  injury.  There  may  also  be  pus  in  the 
medullary  cavity,  disintegrating  the  bone-marrow.  Extension  of  the 
septic  process  to  the  veins  is  not  uncommon,  so  that  thrombo-phlebitis 
and  pyaemia  result. 

(/))  Acute  infective  ostitis.— This  condition  is  described  under 
various  names,  such  as  Acute  periostitis.  Malignant  osteomyelitis, 
Epiphyseal  ostitis.  Infective  ostitis,  Pseudo-rheumatic  ostitis.  Typhus 
of  the  limbs.  These  names  refer  to  special  features  presented  by 
different  cases.  The  disease  consists  in  an  acute  inflammation  which 
nearly  always  goes  on  to  suppuration,  and  occurs  without  any  externally 
apparent  cause. 

Causation. — The  essential  cause  here  is  a  pyogenic  microbe  which  in  a 
number  of  cases  has  been  identified  as  the  Staphylococcus  pyogenes  aureua. 
Experiments  on  animals,  already  alluded  to,  show  that  when  a  bone 
is  injured  and  cultures  of  this  microbe  are  injected  into  the  animal, 
these  will  settle  in  the  injured  bone  and  produce  a  suppurative  inflam- 
mation. In  man  the  bone  is  always  so  far  predisposed  in  respect  that 
the  disease  is  one  of  Adolescents  in  whom  the  tissues  are  excessively 
active,  and  there  is  usually  also  the  history  of  an  injury  inflicted  before 
the  beginning  of  the  illness.  The  bones  most  frequently  aft'ected  are 
those  most  exposed  to  injury.  The  fact  that  boys  are  much  more 
frequently  attacked  than  girls,  points  in  the  same  direction.  It  may, 
perhaps,  be  said  that  when,  by  accident,  the  microbes  in  question  are 
present  in  the  blood,  perhaps  by  absorption  from  the  alimentary  canal, 
an  injury,  otherwise  trivial,  may  determine  their  settlement  in  a  bone, 
and  so  the  disease  may  be  induced. 

Character  of  lesions. — The  inflammatory  process  presents  varying 
degrees  of  severity  and  extent,  as  well  as  considerable  variety  in  its 
seat.  The  bones  most  frequently  affected  are  the  long  bones,  more 
especially  the  tibia,  but  it  occurs  in  the  pelvic  bones,  the  vertebrte, 
especially  the  atlas,  and  in  other  situations. 

In  some  cases  the  periosteum  is  chiefly  aft'ected,  and  to  these  the 
name  of  Acute  periostitis  is  often  given.  The  periosteum  is  swollen 
and  hypersemic,  and  suppuration  usually  ensues  rapidly.  The  pus 
accumulates  between  the  periosteum  and  the  bone,  and  the  periosteum 
is  sometimes  gangrenous.  The  bone  beneath  frequently  undergoes 
necrosis,  but  this  result  is  by  no  means  constant. 

In  other  cases  there  is  a  more  diffused  inflammation,  afl'ecting  the 
bone  and  medulla  as  well  as  the  periosteum,  or  there  may  even  be  a 
special  involvement  of  the  medulla.  In  these  cases  pus  is  present  in 
the  medullary  cavity  and  in  the  substance  of  the  bone.    According  to 
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Oilier  the  inflammation  frequently  localizes  itself  in  the  neighbourhood 
of  the  ossifying  borders  of  the  shafts  of  long  bones.  This  region  as  it 
is  next  the  epiphysis  (though  a  portion  of  the  diaphysis)  he  designates 
juxta-epiphyseal.  The  reason  of  this  localization  will  be  apparent 
from  the  fact  that  this  is  the  region  of  greatest  ossific  activity. 

Along  with  these  local  phenomena 
there  is  commonly  more  or  less  fever, 
and  this  may  be  very  great  in  comparison 
with  the  local  phenomena.  The  desig- 
nation '  typhus  of  the  limbs,'  points  to 
the  occurrence  of  such  severe  febrile 
phenomena. 

Necrosis  may  occur  in  the  several 
forms  of  this  disease,  but  it  is  by  no 
means  uniformly  present,  its  occurrence 
depending  chiefly  on  local  interference 
with  the  blood-supply,  and  perhaps  also 
on  the  condition  of  the  person  affected. 
(See  under  Necrosis.) 

Pyaemia  occasionally  develops  as  a 
result  of  the  extension  of  the  septic  pi'o- 
cess  to  the  veins. 

(c)  Post-febrile  ostitis. — An  acute  osti- 
tis, in  many  respects  similar  to  that  just 
described,  sometimes  follows  acute  febrile 
conditions,  such  as  acute  rheumatism, 
typhoid  fever,  scarlet  fever,  measles, 
dysenteiy,  etc. 

{d)  Abscess  in  bone. — Abscesses  are 
met  with  in  the  cancellous  tissue  of  the 
ends  of  the  long  bones,  where  they  ai'e 
probably  the  result  of  an  infective  or 
post-febrile  ostitis.  The  abscess  expands 
the  end  of  the  bone,  which  may  attain 
large  dimensions. 

'2.  Chronic  inflammations  of  bone. 
Chronic  ostitis. —In  its  Causation, 
chronic  ostitis  is  very  varied.  All  sorts 
of  irritants  actitig  on  the  bones  lead  to  it.  Traumatic  agents  causing 
wounds,  and  more  especially  fractures,  are  a  frequent  cause.  The 
processes  concerned  in  the  healing  of  fractures  are  essentially  those 
of  chronic  iiiHammation.    Necrosis,  from  whatever  cause,  leads  to  a 


Fig.  407.— Ncw-f ovulation  of  bone 
in  H  case  of  necrosis  of  the  fetnur. 
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■chronic  ostitis  around  the  dead  piece  (see  Fig.  407).  Again,  inflam- 
mations of  joints,  whether  tubercular,  traumatic,  rheumatic,  or  other, 
lead  to  inflammations  of  the  neighbouring  parts  of  the  bones,  the 
agent  which  causes  the  inflammation  in  the  joint  acting  also  by 
absorption  and  in  a  diluted  form  on  the  bone.  Syphilis  and  tuber- 
culosis, although  producing  specific  lesions,  also  lead  to  ostitis. 
Phosphorus  produces  a  peculiar  form  of  ostitis  associated  with  necrosis. 
(See  under  Necrosis.) 

The  chronic  inflammation  produces  activity  in  the  soft  structures  of 
the  bones,  with  the  consequence  that  as  regards  the  bony  tissue  itself 
two  opposite  conditions,  namely,  rarefaction  and  new-formation  of  the 
bone  are,  according  to  circumstances,  produced.  It  is  customary  to 
speak  in  this  sense  of  a  rarefying  and  a  formative  ostitis,  but  these 
terms  in  reality  refer  to  local  processes  and  simply  indicate  the  local 
results  of  the  inflammation.  It  is  quite  common  in  the  same  case  to 
have,  in  difl"erent  regions,  both  a  rarefying  and  a  formative  ostitis.  The 
soft  structures  of  the  bone,  the  relation  of  which  to  ossification  has  been 
referred  to  in  the  introductory  section,  become  cellular  under  the 
influence  of  the  inflammation,  and  are  thus  converted  into  Granulation 
tissue.  This  occupies  the  various  situations  alreadj'-  referred  to  as  those 
■occupied  by  the  active  tissue  of  growing  bones.  It  is  present  in  the 
medullary  spaces,  in  the  Haversian  canals,  and  on  the  surface  of  the 
bone  beneath  the  periosteum.  It  is  an  active  tissue  and  produces 
changes  analogous  to  those  of  the  similar  tissue  in  growing  bones. 
These  changes  consist  in  absorption  of  the  existing  bone  on  the  one 
hand  and  new-formation  of  bone  on  the  other. 

The  Rarefaction  of  bone  (rarefying  ostitis)  occurs  by  enlargement 
■of  the  spaces  and  channels,  such  as  the  Haversian  canals  and 
medullary  spaces.  It  is  manifested  chiefly  in  the  shafts  of  long 
bones,  where  the  dense  bone  may  be  converted  into  a  loose  cancellous 
tissue.  There  is  usually  at  the  same  time  new-formation  of  bone,  so 
that  the  thickness  of  the  shaft  is  increased.  The  granulation  tissue 
acting  on  the  bony  trabeculse  causes  absorption  of  the  bone,  and  it  is 
believed  that  the  giant-cells  or  myeloplaques  are  chiefly  engaged  in  the 
process. 

New-formation  is  a  more  constant  and  important  eff-ect.  In  all 
forms  of  inflammation  there  is  liable  to  be  thickening  of  the  bones 
from  new-formation  on  the  surface.  As  this  takes  place  under  the 
periosteum  it  is  generally  ascribed  to  periostitis,  and  this  membrane 
IS  generally  credited  with  a  special  power  of  bone-formation.  It  is, 
however,  merely  the  local  circumstances  which  determine  the  situation 
a  the  new-formation,  and  there  is  not  infrequently  an  encroachment 
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on  the  medullaiy  cavity  as  well  as  apposition  on  the  surface.  The 
new-formed  bone  has  a  rough  tuberculated  surface  as  shown  in 
Fig.  408,  p.  637.  The  new-formation  may  follow  on  the  process  of 
rareftxction  so  that  a  dense  thickened  bone  may  result  {condensing  ostitis). 

The  process  of  new-formation  is  similar  to  that  in  ordinary  ossifica- 
tion. The  granulation  tissue  cells  act  as  osteoblasts,  surround  them- 
selves with  osseous  matrix,  and  remain  buried  in  this  as  the  bone- 
corpuscles. 

Literature. — Stanley,  On  diseases  of  bones,  1849 ;  Klebs,  Beitr.  zur  path.  Anat. 
cler  Schusswunden,  1872  ;  Kosbnbach,  Mikroorganismen  b.  d.  Wundinfectionskr., 
1884;  Gaeee,  Fortschritte  der  Med.,  1885;  Ollier,  in  Internat.  Encycl.  of  Surg., 
vi.,  1886:  Lannelongue  et  Achahd,  Annales  de  I'lnst.  Pasteur,  v.,  1891;  Jordak, 
Beitr.  z.  klin.  Chir.,  x.,  587;  Koplik  and  Vax  Aksdale,  Amer.  Journ.  Med. 
Sciences,  ciii.,  1892;  Park,  Medical  Eecord,  1895. 


VI.— HYPERTROPHY  OE  BONE.    HYPEROSTOSIS,  PERIOSTOSIS. 

The  distinction  between  hypertrophy  of  bone  and  chronic  inflam- 
mation is  sometimes  a  difficult  one  to  draw.  In  the  former  there  is  a 
new-formation,  as  in  the  latter,  and  it  may  be  only  the  absence  of  a 
definite  inflammatory  irritant  which  may  determine  the  distinction. 
In  true  hypertrophy  new  bone  is  formed  of  a  strictly  normal  character, 
and  the  result  is  a  general  or  local  enlargement  of  the  bone.  A  general 
enlargement  of  a  bone  is  called  Hyperostosis,  while  a  partial  enlarge- 
ment is  Periostosis. 

The  Causation  is  in  many  cases  obscure.  It  may  be  produced, 
as  already  mentioned  (Fig.  103,  p.  261),  by  a  prolonged  hypersemia, 
which  gives  rise  to  increased  nutritive  activity.  In  other  cases  it  is 
Compensatory,  as  where  the  fibula  undergoes  hypertrophy  in  con- 
sequence of  an  ununited  fracture  of  the  tibia.  In  other  cases  we 
have  to  do  with  a  gradual  enlargement  of  unknown  cause. 

A  General  hyperostosis,  in  which  the  bones  generally  are  enlarged, 
has  been  described  by  Paget  under  the  designation  Osteitis  deformans. 
As  the  name  implies,  Paget  regarded  the  condition  as  the  result  of 
inflammation.  The  disease  usually  affects  in  the  first  place  the  bones 
of  the  lower  limb  and  the  cranium.  These  undergo  great  enlargement, 
while  at  the  same  time  their  tissue  is  opened  out  as  by  a  rarefying 
ostitis.  The  enlarged  medullary  spaces  are  filled  as  in  inflammation 
with  a  tissue  which  is  abundantly  cellular.  The  bones  are  also 
softened,  so  that  various  curvatures  are  produced.  The  name  Osteo- 
porosis is  sometimes  given  to  it. 

A  peculiar  feature  in  this  disease  is  the  frequent  co-existence  of 
tumours,  which  may  be  either  sarcomatous,  cancerous,  or  lymphatic 
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(as  in  a  case  of  Gooclhart's),  but  are  not  always  seated  in  the  bones. 
A  hyperostosis  affecting  single  bones  has  been  observed  chiefly  m 
the  skull  and  face.  These  bones  may  be  enormously  enlarged,  and 
the  face  in  particular  may  take  on  characters  which  have  suggested 
Virchow's  name  of  Leotitiasis  ossea. 

Periostosis  is  more  unusual  apart  from  inflammatory  enlargement^ 
but  partial  enlargements  of  the  processes  of  bones  occur. 

Hypertrophic  Pulmonary  Osteo-arthropathy.— This  peculiar  affec- 
tion, the  pathology  of  which  is  still  obscure,  has  been  confounded 
with  acromegaly  chiefly  for  the  reason  that  in  both  affections  there 
is  great  enlargement  of  the  hands  and  feet  (see  Acromegaly,  p.  239). 
In  hypertrophic  pulmonary  osteo-arthropathy  the  enlargements  present 
special  features.  The  terminal  phalanges  are  club-shaped,  the  nails  are 
curved  like  a  parrot's  beak,  and  the  bones  of  the  forearms  and  legs  often 
show  a  striking  increase  in  size.  In  this  affection  again,  the  skull  and 
face,  including  the  soft  parts,  are  practically  normal  and  there. is  no 
obvious  change  in  the  pituitary  body.  The  joints  are  not  infre- 
quently affected.  There  is  effusion  and  erosion  of  cartilage,  and  in 
the  bones  evidences  of  periostitis,  with  new-formation  of  osseous 
tissue,  and  sometimes  of  osteomyelitis. 

In  almost  every  recorded  case  chronic  pulmonary  or  cardiac  disease 
has  been  present.  The  osteo-articular  changes  are  usually  regarded 
as  secondary  to  these.  It  is  possible,  as  Marie  suggests,  that  there 
is  absorption  of  some  toxic  substance  from  the  pulmonary  lesions,, 
and  that  this  substance  has  a  special  affinity  for  certain  osseous  and 
articular  structures. 

Literature. — Paget,  Med.  Chir.  Trans.,  vol.  Ix.,  1876;  Teeves,  Path. Trans. ,xxxii., 
1881;  SiLcocK,  ibid.,  xxxvi.,  1885;  Eobinson,  ibid.,  xxxviii.,  1887;  Goodhaet, 
ibid.,  xxxix.,  1888;  Glutton,  ibid.;  Hutchinson,  Paget,  and  others,  Ulust.  Med. 
News,  vol.  ii.,  1889,  pp.  169-189;  Gilles  de  la  Toueette  et  Maeinesco,  Nouy. 
Iconograph.  d.  1.  Salpetriere,  1895;  Bambeegee,  Zeitschrft.  f.  klin.  Med.,  xviii., 
1890;  Marie,  Eevue  de  MM.,  x.,  1890. 


VII.— NECROSIS  OF  BONE. 

Death  of  bone  is  of  frequent  occurrence,  and  it  leads  to  such  obvious 
phenomena  that  the  term  necrosis  has  been  almost  monopolized  by 
surgeons  for  this  condition. 

Causation. — Necrosis  in  bone  is  nearly  always  the  result  of  inter- 
ruption of  the  blood-supply.  From  its  frequency  it  might  be  supposed 
that  bone  readily  succumbed  to  such  deprivation,  but  the  reverse  of 
this  seems  to  be  the  case.  Macewen's  observations  in  regard  to  trans- 
plantation seem  to  show  this.    (See  under  Transplantation.)  Bone 
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receives  its  supply  of  blood  partly  through  small  vessels  which  pass 
from  the  periosteum  and  partly  by  larger  vessels,  of  which  there  is 
.generally  a  special  one  for  each  bone,  which  penetrate  the  bone  and 
are  distributed  from  within,  such  vessels  being  specially  named  the 
nutrient  vessels. 

Necrosis  is  mostly  brought  about  by  the  periosteum  being  raised, 
sometimes  traumatically,  but  generally  as  a  consequence  of  inflam- 
mation, especially  when  pus  accumulates  between  the  membrane  and 
the  bone.  The  irritant  producing  the  inflammation  will  in  many 
<3ases  have  its  share  in  causing  the  necrosis.  By  the  raising  of  the 
periosteum  the  periosteal  blood-supply  is  cut  off,  and  the  nutrient 
vessels  may  also  be  severed.  According  to  Macewen  the  supply 
•of  the  nutrient  vessel  of  a  long  bone  is  generally  sufficient  to 
keep  the  bone  alive  even  when  the  whole  periosteum  is  stripped. 
This  author  records  a  case  in  which  the  whole  diaphysis  of  the  tibia 
was  denuded  of  periosteum,  but  in  which  the  persistence  of  the  nutrient 
vessels  caused  all  the  bone  to  survive  except  a  small  superficial  scale. 

Necrosis  is  an  occasional  result  of  inflammation  in  the  bone  itself, 
•and  it  occurs  in  the  form  of  caseous  necrosis  in  tuberculosis.  Injuries, 
by  separating  A  portion  of  bone,  will  sometimes  produce  necrosis,  and 
will  do  so  almost  inevitably  if  septic  processes  coincide. 

Resulting  conditions. — The  dead  piece  of  bone  is  in  itself  inert, 
and  undergoes  merely  passive  changes.  It  retains  its  form  and  general 
<ippearance,  but  if  it  remain  long,  being  macerated  by  the  juices  of  the 
body,  it  assumes  the  characters  of  macerated  bone.  It  then  appears 
white  and  dry,  and,  as  it  contains  little  organic  matter,  it  feels  hard 
to  the  probe  and  gives  a  sound  on  being  struck. 

Inflammation  is  a  constant  concomitant  of  necrosis.  If  the  latter 
has  not  been  due  to  inflammation,  then  it  leads  to  it  secondarily. 
The  dead  piece  of  bone  seems  to  stimulate  the  surrounding  living 
tissue,  and  to  lead  to  a  chronic  inflammation.  By  means  of  a  rare- 
fying ostitis  the  Haversian  canals  and  medullary  spaces  enlarge  and 
the  bone  immediately  around  the  dead  piece  being  replaced  by  granu- 
lation tissue,  the  necrosed  piece  becomes  a  Sequestrum. 

At  the  same  time  new-formation  commonly  occurs,  chiefly  in  the 
subperiosteal  tissue,  which  has  probably  been  separated  from  the  dead 
bone,  but  also  in  the  medulla.  There  is  thus  produced  an  irregular 
layer  of  new  bone,  as  shown  in  Figs.  407  and  408.  This  new  bone  is 
largely  subperiosteal,  and  in  many  cases  it  forms  an  external  shell 
which  may  exercise  the  function  of  support  instead  of  the  bone  which 
has  died.  This  external  shell  frequently  confines  the  dead  piece, 
rendering  it  difficult  of  access  for  removal  by  the  surgeon.    It  is 
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generally  provided  Avith  apertures  called  Cloacae  through  which 
the  pus  of  the  original  suppuration  has  passed,  and  which  have 
remained  as  canals  or  gaps  in  the  new-formed  shell. 

The  ultimate  disposal  of  the  dead  bone 
occurs  in  different  ways  according  to  cir- 
cumstances. 

Absorption  of  dead  bone  is  of  frequent 
occurrence.  In  simple  fractures  it  is  pro- 
bable that  detached  pieces  of  bone  frequently 
die  and  become  absorbed.  Similarly  in 
compound  fractures  pieces  are  not  infre- 
quently visible  in  the  wound,  having  the 
dead  white  colour  and  hard  feeling  of 
sequestra,  but  if  the  wound  remains  aseptic 
they  are  absorbed.  Again,  at  the  ends  of 
stumps  sequestra  often  forni,  and  they  are 
sometimes,  at  least  partially,  absorbed.  In 
all  these  cases,  and  even  in  acute  infective 
ostitis,  the  dead  bone  may  be  absorbed  if 
septic  changes  be  averted  or  overcome. 

The  absorption  is  effected  by  the  Osteo- 
clasts. In  Figs.  409  and  410  the  appear- 
ances are  shown  as  observed  by  the  author 
in  a  case  of  limited  necrosis  at  the  end  of  a 
stump,  in  which  absorption  was  in  progress. 
Here  the  Haversian  canals  and  medullary 
spaces  as  seen  in  Fig.  409  are  enlarged,  and 
their  borders  have  a  worm-eaten  appearance. 
This  latter  is  shown  in  Fig.  410  to  be  due 

to    the    existence    of   Howship's    laCUnse,    in        ^S-  40S.— Necrosis  of  femur. 
,  .  ,  .  .  _  The  smooth  necrosed  piece  is  secu 

which  are  giant-cells  exercising  their  function  u-reguiar  new-formed  bone 
of  osteoclasts.    Sometimes  a  regular  row  of 

such  cells  was  visible,  as  if  feeding  on  the  bone,  and  they  were 
occasionally  almost  buried  in  flask-shaped  spaces  (as  at  the  left  in 
Fig.  410).    By  this  process  bone  may  be  entirely  absorbed. 

A  similar  process  of  absorption  occurs,  not  only  in  pieces  of  bone 
which  have  died  in  the  body,  but  in  pieces  of  ivory  or  bone  which 
have  been  introduced  for  therapeutic  purposes,  such  as  ivory  pegs 
used  in  cases  of  ununited  fracture,  bone  drainage  tubes,  etc. 

Absorption  does  not  occur  where  the  dead  bone,  having  become 
septic,  IS  Itself  a  source  of  serious  irritation.  Thus  a  piece  of  dead 
bone  may  he  for  years  in  a  suppurating  cavity  almost  unchanged- 
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Cornil  and  Kanvier,  for  example,  figure  a  transverse  section  of  a 
sequestrum  of  the  femur  which  had  remained  thirty  years  bathed 
in  pus.    In  this  time  it  had  undergone  no  corrosion  and  had  all  the 


Fig.  409. — Section  of  a  piece  of  necrosed  bone  which  had  been  undergoing  absorp- 
tion. The  margins  of  the  bone  at  the  medullary  spaces  and  Haversian  canals  have 
an  eaten-out  appearance  from  the  presence  of  Howship's  lacuuie.    x  SO. 


Fig.  410. — Howship's  lacunse  with  giant-cells  (osteoclasts)  in  them,  and  free  giant- 
cells.    From  same  piece  of  necrosed  bone  as  preceding  figure,    x  350. 


characters  of  macerated  bone.  The  position  of  the  sequestrum  inside 
the  shell  of  new  bone  often  causes  its  retention,  and  its  removal  is 
only  effected  by  partial  destruction  of  the  external  shell. 

Phosphorus-necrosis. — This  condition  occurs  chiefly  in  persons  who 
are  employed  in  workshops  where  lucifer  matches  are  manufactured, 
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and  who  are  thus  exposed  to  the  vapour  of  phosphorus.  The  vapour 
acts  locally,  on  the  jaws  chiefly,  and  it  is  said  that  persons  with  carious 
teeth  are  particularly  liable  to  be  affected.  The  phosphorus  produces 
an  inflammation  mainly  of  the  periosteum,  resulting  in  a  great  new- 
formation  of  cancellated  bone  on  the  surface  of  the  jaw.  This  bone 
may  afterwards  become  condensed  by  the  ossification  encroaching  on 
the  medullary  spaces.  After  a  time  the  inflammation  leads  to  suppura- 
tion, the  pus  forming  between  the  new-formed  bone  and  the  original 
bone  of  the  jaw.  From  this  results  a  necrosis  of  the  jaw  which  may 
involve  the  entire  bone,  and  may  extend  to  the  new-formed  bone.  The 
resulting  suppurations  are  usually  fatal,  but  after  removal  of  the 
sequestrum  healing  may  occur.  Microbes  of  various  kinds  are  present 
in  the  pus.  In  the  discharge  from  six  cases  examined  by  Stockman 
the  tubercle  bacillus  was  found. 

From  the  observations  of  Wegner  it  appears  that  phosphorus  acts  as  a  general 
stimulant  to  the  structures  concerned  in  the  formation  of  bone.  The  phosphorus 
vapour  acting  directly  stimulates  so  violently  as  to  produce  the  inflammation  and 
necrosis  just  described,  and  this  result  has  been  produced  also  in  rabbits  exposed 
to  the  vapour  of  phosphorus.  When  given  in  small  doses  internally,  phosphorus 
produces  in  growing  animals  a  distinct  stimulation  of  the  process  of  formation  of 
bone.  In  such  cases  the  bone  produced  at  the  ossifying  border  of  the  cartilage  is 
not  a  spongy  bone  but  a  dense  layer,  and  there  is  also  an  unusually  dense  bone 
produced  beneath  the  periosteum.  It  is  noteworthy  that  in  growing  animals  to 
whom  small  doses  of  phosphorus  were  given,  while  insufficient  quantities  of  lime 
were  supplied,  there  was  a  great  production  of  osteoid  tissue,  somewhat  like  that 
produced  in  rickets. 

Literature. — Macewen,  Annals  of  Surgery,  1887;  Wegner,  Virchow's  Arch.,  Ivi., 
1872  ;  Coats,  Glasg.  Med.  Jour.,  vi.,  1874;  Bibba  und  Gbist,  Krankh.  d.  Arbeiter  in 
den  Phosphorfabriken,  1847 ;  Teelat,  De  la  necrose  eausee  par  le  phosphore,  1857  ; 
Thiersch,  Arch.  d.  Heilk.,  1868;  Cameron,  Glasg.  Med.  Jour.,  xvi.,  112,  1881; 
Haeckel,  Langenbeck's  Arch.,  xxxix.,  1890;  Jost,  Brun's  Beitrage,  xii.,  1894; 
Stockiun,  Brit.  Med.  Jour.,  i.,  1899. 


VIII.— REGENERATIVE  PROCESSES.    HEALING  OF  FRACTURES. 

TRANSPLANTATION. 

In  the  various  regenerative  processes  the  structures  already  referred 
to  as  having  to  do  with  the  growth  of  bone  are  concerned.  The  struc- 
tures become  cellular,  their  existing  cells  multiplying  by  karyomitosis, 
and  they  thus  renew  their  powers  of  new-formation.  The  processes 
concerned  are  really  those  of  chronic  inflammation. 

1.  The  Healing  of  fractures.— In  the  case  of  simple  fractures  or  of 
those  which  are  protected  from  septic  contamination,  the  process  of 
healing  generally  begins  soon  after  the  infliction  of  the  injury. 

Accordmg  to  Ogston,  in  compound  fractures  and  dislocations,  the 
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forcible  clisiDersion  of  fluids  hy  the  agent  producing  the  injury,  as  well 
as  the  dragging  on  tissues  of  varing  degrees  of  distensibility,  often 
leads  to  the  formation  of  extensive  spaces  or  cavities  beneath  the  skin, 
amongst  the  muscles  and  elsewhere.  As  these  may  be  the  seat  of 
septic  processes  they  require  careful  attention. 

The  actual  injury  induces  an  acute  inflammation.  There  is  hyper- 
semia,  serous  exudation  and  exudation  of  leucocytes,  and  also  a 
certain  amount  of  haemorrhage.     These  inflammatory  manifestations 

are  present  in  the  torn 
periosteum  and  in  the 
medulla.  The  acute 
inflammation,  however, 
usually  subsides  in  a  few 
days ;  its  prolongation, 
as  in  septic  cases,  is 
inimical  to  healing. 
Any  considerable  ac- 
cumulation of  blood  is 
also  inimical  to  healing, 
but  as  a  general  rule 
the  effused  blood,  having 
been  transuded  into  the 
tissues  around,  passes 
into  the  lymphatics,  or, 
if  it  remain  more  per- 
manently, it  is  disposed 
of  by  being  eaten  into 
by  the  new-formed  in- 
flammatory tissue. 

On  the  subsidence  of 
the  acute  inflammation 
the  soft  structures  shoAv 
active  changes.     By  a 

Fig.  411.— Green-stick  fracture  of  femur  of  infant.  The  prOCCSS  of  kaiyomitosis 
septum  or  internal  callus  consists  of  bone  and  cartilage  ,  r,1-.opr-vprl  Ktr  KvaflPtA 
posteriorly,  and  of  fibrous  tissue  anteriorly.  (aS  ODserVCa  Dy  IVranc; 

the   subperiosteal  and 

medullary  cells  proliferate,  so  as  to  form  granulation  tissue.  A  similar 
process  is  visible  in  the  endothelium  of  the  vessels,  by  which  means 
new  vessels  are  formed.  The  tissue  of  the  bone  itself  partakes  in 
the  process,  so  that  it  is  opened  out  by  a  rarefying  ostitis.  We  have 
thus  a  vascular  granulation  tissue  formed  in  these  three  situations, 
but  its  amount  varies  greatly  according  to  circumstances. 
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From  this  tissue  the  Callus  is  formed.  This  name  is  given  to  the 
new-formed  tissue  which  in  the  first  instance  unites  the  broken  ends  of 
the  bones.  It  may  be  of  considerable  bulk  as  shown  in  Fig.  412,  so  as 
to  form  a  land  of  case  for  the  fractured  ends  ;  it  may  be  very  scanty  in 
amount  as  in  the  case  of  incomplete  or  "green-stick"  fractures  (Fig.  411). 
The  callus,  as  shown  in  Figs.  413  and  414,  consists  under  varying 
circumstances  of  DiflFerent  forms  of  connective  tissue.  The  formative 
cells  produced  in  the  way  mentioned  above  have  the  characters  variously 
of  osteoblasts,  fibroblasts,  or  chrondroblasts,  and  may  develop  bone  (c,  c,  c 
in  Fig.  413),  cartilage  (h,  b,  b),  or  connective  tissue  (r/,  d,  d).   The  form  of 


Fig.  412. — Fi-acture  of  rib  with  callus,  seen  in  section.  Tho  brokeu  euds  are  shown 
overlapping  each  other.    These  are  enclosed  in  a  sheet  of  callus.    Xatural  size. 


tissue  thus  produced  seems  to  depend  on  the  condition  of  the  pai-ts  as 
to  movement.  In  parts  where  there  is  little  movement  bone  will  form, 
where  there  is  much  movement  fibrous  tissue,  while  cartilage  takes  an 
intermediate  position.  From  this  it  arises  that  in  maji,  where  the  bones 
are  usually  kept  rigid  by  splints,  the  callus  is  formed  chiefly  of  bone, 
whereas  in  animals  it  is  largely  formed  of  cartilage  and  fibrous  tissue. 
But  in  man,  where  circumstances  do  not  allow  of  the  parts  being  kept 
at  rest,  then  we  have  cartilage  and  fibrous  tissue  along  with  bone.  This 
was  the  case  in  the  specimen  from  which  Figs.  412  and  413  were  taken. 
A  number  of  fractures  had  occurred  in  the  ribs  in  an  insane  person,  and 
they  were  only  discovered  after  death. 

It  not  infrequently  happens  that  a  Piece  of  bone  is  detached  and 
isolated.  This,  however,  does  not  interfere  with  the  process  of  healing. 
If  small,  the  piece  of  bone  will  survive,  and  having  acquired  vascular 
adhesions,  will  undergo  a  rarefying  ostitis  and  assist  in  the  production 
of  callus.  If  large,  or  if  unfavourably  situated  it  may  die,  and  in  that 
case  It  undergoes  absorption  by  the  granulation  tissue  (see  under 
Necrosis).  In  compound  fractures  it  is  not  uncommon  to  see  a  piece  of 
dead  bone  eaten  into  and  penetrated  by  granulations. 

The  callus  produced  as  above  is  generally  described  as  Provisional 
callus,  because  much  of  it  is  removed  before  complete  restoration. 


2s 
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Names  are  also  given  according  to  the  position  of  the  callus.  External 
callus  is  formed  at  the  surface  from  the  subperiosteal  layer,  Internal 
callus  is  formed  from  the  bone-man  ow  and  endosteum  (Fig.  413),  while 
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Intermediary  callus  is  between  the  ends  of  the  bones  and  produced, 
to  some  extent  at  least,  from  the  bone  itself.  ' 

When  the  bones  are  fully  united  any  excess  of  callus  is  disposed  of, 
and  little  is  left  but  what  is  necessary  to  fill  up  the  space  between  the 


Pig.  414.— Fracture  of  rib.s  ivith  caUus  s. 


soon  la  section,    x  10. 


bvThkh  'tY'''  '"J'^-  ^^'^"^^  ^  P^°««««  of  moulding 

l:tmentL:^^^^^^^  VT''  ''''''''''  ^'^''^^ 
there  i  , '  T"''''^-  .  ^^e  bone  comes  again  into  active  use 

IS  an  absorption  and  new-formation  so  as  to  enable  the  bone 
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to  resist  the  pressure  and  traction  to  which  it  is  liable.  Where  the 
bones  are  united  considerably  out  of  position  as  in  Figs.  416,  417,  the 
internal  architecture  is  greatly  modified.  When  a  series  of  bones, 
such  as  the  ribs,  are  simultaneously  fractured  union  by  bone  not 
infrequently  occurs  between  the  adjacent  bones  (see  Fig.  418). 


Fig.  415.— Healed  fracture  of  skull.    A  severe  iujury  was  inflicted  years  ^slore 
The  parts  had  become  completely  consolidated  and  the  edges  rounded,  but  with  the 
displacements  shown. 

From  what  has  gone  before  it  appears  that  the  amount  of  actual 
bone  entering  into  the  callus  varies  greatly,  and  there  may  be  more 
fibrous  tissue  ultimately  than  bone.  This  occurs  especially  when 
the  parts  are  not  kept  at  rest.  On  the  other  hand  the  whole  process 
may  be  a  very  inactive  one  and  from  tearing  of  vessels  or  otherwise 
the  blood-supply  may  be  deficient.  In  such  ways  as  these  arise 
Ununited  fractures,  in  which  the  bones  are  connected  with  fibrous 
tissue  (Figs  417  and  419).  In  some  cases  there  is  even  a  kind  of  False 
joint  or  Pseudarthrosis  formed,  with  smooth  articulating  surfaces  and 
an  approach  to  a  synovial  cavity. 

2  Transplantation  of  hone.-It  has  usually  been  stated  that  when 
pieces  of^the  periosteum  are  transplanted,  they  proceed  to  the  forma- 
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tion  of  bone.  This  is  only  true  in  regard  to  the  deep  layer  of  the 
periosteum,  or  more  properly  the  subperiosteal  layer.  The  periosteum 
proper,  consisting  of  fibrous  tissue,  is  incapable  of  producing  bone.  On 
the  other  hand  the  bone  itself,  op  the  tissue  in  its  various  cavities, 


Pig.  41ti.— United  Frac- 
ture of  tibia  and  fibula 
with  displacement.  The 
ends  ride  over  each  other, 
and  there  is  much  per- 
manent new-formed  bone 
to  unite  them.  The  tibia 
and  fibula  are  also  united 
by  bone. 


Pig.  417.— Fracture  of  both  bones  of  the  forearm. 
The  ulna  is  firmly  united  and  there  la  considerable 
displacement.  The  fracture  of  the  radius  had  been 
ununited  for  years. 


as  well  as  the  endosteum,  is  capable,  as  we  have  seen,  of  forming 
bone.  Hence  a  transplantation  of  periosteum,  including  the  sub- 
periosteal layer,  or  of  pieces  of  bone,  may  be  followed,  not  only  by 
survival  of  the  pieces,  but  by  new-formation  of  bone  from  them 

Transplantation  of  the  periosteum  is  not  an  uncommon  patho- 
logical process.  The  periosteum  may  be  raised  by  the  accumulation 
ot  pus  beneath  it,  or  it  may  be  stripped  off  by  an  injury,  and  in  that 
case,  11  the  ossifying  layer  be  preserved,  ossification  occurs.  This 


646 


DISEASES  OF  THE  BONES. 


fact  is  sometimes  taken  advantage  of  by  surgeons,  who  detach  the 
periosteum,  and  displace  it  with  a  view  to  the  ultimate  formation 
of  bone. 


Fig.  41S. — Fracture  of  the  eight  upper  ribs  with  firm  osseous  union. 

The  Transplantation  of  bone  itself  has  been  demonstrated  chiefly 
by  Macewen.  It  is  apparent  from  his  observations  that  bone,  contrary 
to  what  might  be  expected,  has  great  power  of  retaining  its  vitality 
when  detached  from  its  connections.  A  piece  of  bone  transplanted 
will,  even  when  of  considerable  size,  survive  long  enough  to  acquire 
fresh  vascular  connections,  and,  in  accordance  with  what  occurs  in 
transplanted  structures  generally,  it  will  often  proceed  to  grow  in 
its  new  position.  Accidental  transplantation  must  often  occur  in 
connection  with  fractures,  and  the  detached  piece  of  bone,  as  men- 
tioned above,  usually  survives. 

Advantage  has  been  taken  of  these  facts  in  an  ingenious  way  by  Macewen.  In 
the  operation  of  trephining,  a  circular  piece  of  bone,  often  of  considerable  size,  is 
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removed  from  the  skull.  This  piece  of  bone  may  be  preserved  during  the 
operation  on  the  brain  and  re-implanted  in  the  gap,  at  the  close  of  the  operation. 
If  septic  contamination  is  prevented,  the  bone  survives  and  grows  into  its  place, 
filling  up  by  new-formed  tissue  the  interval  made  by  the  saw. 

Still  more  interesting  are  the  results  of -transplantation  in  the  treatment  of  a  case 
in  which  the  shaft  of  the  humerus  had  been  lost  by  necrosis.    In  this  ease  pieces 


Kig.  419. — Old  intra-cai5sular  fracture  of  femur. 

of  bone  removed  from  the  femurs  of  other  patients  (in  the  operation  of  Osteotomy) 
were  broken  up  into  small  pieces  and  inserted  among  the  muscles  into  a  sulcus 
where  the  shaft  of  the  bone  should  have  been.  By  three  operations  the  bone  was 
restored  to  the  extent  of  four  and  a  quarter  inches,  and  there  was  a  subsequent 
growth  in  the  course  of  seven  years  of  an  inch  and  three-quarters.  This  case 
demonstrates  that  pieces  of  the  bone  removed  from  one  person  to  another  not  only 
survive  but  grow  in  their  new  position.  Transplantation  from  one  of  the  lower 
annnals  does  not  succeed,  the  foreign  bone  acting  as  an  irritant. 

Literature.-Mw.oAiGNE,  Trait6des  fract.  etluxat.,  18.5.5  ;  Guelt,  Handb.  d.  Lehre 
V.  .1.  Knochenbriichen,  1862  ;  Krafkt,  in  Ziegler  und  Nauwerk's  Beitriige,  1884; 
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Ollieu,  Trait6  de  la  r6g6n6ration  des  os,  1867  ;  Macewen,  Phil.  Trans,  of  Eoy.  Soc, 
1881,  and  Annals  of  Surg.,  1887  ;  Macgregok,  Jour,  of  Anat.  and  Phys.,  xxvi.,  220 ; 
Ogston,  Med.  Chronicle,  Nov.,  1888 ;  Mahchand,  Der  Process  d.  Wundheilung,  1901. 


.    IX.— SPECIFIC  NEW-FORMATIONS.    TUBERCULOSIS,  SYPHILIS, 

ACTINOMYCOSIS. 

1.  Tuberculosis  of  bone. — This  is  an  exceedingly  frequent  affection, 
and  one  attended  usually  by  very  serious  results.  The  lesions  to  be 
here  described  are  not  universally  recognized  as  tubercular  in  character, 
although,  as  observation  widens,  the  dissentients  from  this  view 
diminish.  The  term  Scrofulous  is  here,  as  in  other  structures, 
equivalent  to  tubercular.  Caries  is  another  term  which,  as  will  be 
explained  below,  is  nearly  equivalent  to  certain  forms  of  tuberculosis. 

Causation. — The  tubercle  bacillus  in  most  cases  reaches  the  bones 
by  the  blood.  In  a  large  proportion  of  cases  both  joints  and  bones 
are  affected,  and  it  is  not  determined  to  what  extent  the  one  or  the 
other  is  the  primary  seat.  It  is  demonstrable  that  primary  disease  of 
the  bones  frequently  extends  to  the  joints,  and  it  may  afterwards 
attack  other  bones  entering  into  the  articulation.  On  the  other  hand 
when  primarily  affecting  the  joint  it  may  extend  to  the  bones  con- 
cerned in  the  joint.  It  is  probable,  however,  that  in  the  great 
majority  of  cases  the  bones  are  primarily  affected,  although  the  lesion 
in  the  bone  may  be  so  small,  and  the  parts  so  altered  by  subsequent 
changes,  that  it  may  be  difficult  to  demonstrate  the  exact  commencement. 

The  tuberculosis  begins  in  the  spongy  parts  of  the  bones.  It  is  very 
common  in  bones  which  are  largely  composed  of  spongy  tissue,  as  the 
vertebra}  and  the  bones  of  the  hands  and  feet,  while  in  the  long  bones 
it  affects  chiefly  the  articular  extremities.  In  the  case  of  the  vertebrae, 
it  mostly  affects  simultaneously  the  proximate  surfaces  of  two  bodies 
(see  Fig.  420),  as  if  it  took  origin  in  the  intervertebral  cartilage. 
In  this  respect  the  author's  observations  correspond  with  those  of 
Wilks  and  Moxon. 

While  spongy  bone  evidently  forms  a  favourable  nidus  for  the 
tubercle  bacillus,  there  are  two  further  predisposing  elements  fre- 
quently traceable.  Tuberculosis  is  most  frequent  in  young  persons, 
the  actively  growing  bone  apparently  predisposing  to  it.  This  applies 
especially  to  the  bones  of  the  extremities,  and  to  a  less  degree  to 
the  vertebrte.  Injury  is  the  other  predisponent.  This  is  a  fact  of 
clinical  observation  which  has  been  confirmed  by  the  experiments  of 
Schiiller,  who  found  that  after  injecting  tubercle  bacilli  into  the  blood, 
he  could  induce  tuberculosis  of  the  joints  by  inflicting  injuries  such  as 
would  otherwise  be  readily  recovered  from. 
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Characters  of  the  lesion. — The  tuberculosis  affects  primarily  the 
soft  tissue  or  medulla  contained  in  the  meshes  of  the  cancellated 
tissue,  and  secondarily  the  bony  trabeculas.  The  spaces  become 
occupied  by  round-celled  or  granulation  tissue,  in  which  tubercles  of 
typical  structure  are  visible.  The  granulation  tissue  eats  into  the 
bony  trabecule,  so  that  the  latter  may  be  entirely  destroyed  in  the 
affected  area.  More  frequently  necrosis  occurs  in  the  tubercular  new- 
formation  before  the  bone  is  entirely  destroyed.  The  form  of  necrosis 
is  caseation,  and  in  a  case  of  any  standing  the  presence  of  the  disease 
is  evidenced  by  the  presence  of  yellow  caseous  matter  occupying  a 


Fig.  420.— Tuberculosis  of  vei-tebra).  The  intervertebral 
carhlagc  is  destroyed,  aud  the  disease,  as  shown  by  the 
white  colour  (due  to  caseous  necrosis),  is  invading  the 
boclies.    In  the  upper  there  is  a  small  isolated  patch 


Fig.  421.— Acute  curvature  from 
tuberculosis.  The  bodies  of  two 
vertebne  have  been  destroyed,  while 
the  ones  above  and  below  have  coal- 
esced at  a.  The  spinous  processes  are 
also  anchylosed. 


certain  portion  of  the  cancellated  tissue.  This  is  shown  in  Fig.  420. 
In  this  area  there  are  the  thinned  remains  of  the  bony  trabeculse, 
which  are  also  necrosed.  As  the  disease  is  an  advancing  one,  the 
more  recent  affection  will  extend  beyond  the  caseous  area. 

The  bone  so  affected  has  lost  much  of  its  mechanical  power  of  resist- 
ance, so  that  in  the  case  of  the  vertebrae  the  bodies  collapse  and  lead  to 
IITa'^'T'"""'      ^"  ^'S-  ^"  '^^'^        bones  are 

the  necZ  ^"'^'^^^  j^^^^^-        ^^me  eases 

Te  from  sof.         'I  '  ^""^^^  ^s  may 

Pie  et  1     "I"?  ^^^^^"^  but  in  some  cases  the  necrosed 

piece  IS  separated  as  a  kind  of  Sequestrum  which  may  be  found  lying 
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in  the  cavity.  In  either  case  the  walls  of  the  cavity  are  lined  with 
tuberculous  granulation  tissue.  In  the  case  of  small  bones,  such  as 
those  of  the  foot  or  hand,  which  are  thus  excavated,  there  may  be  a 
complete  collapse  of  the  bone,  so  that  it  is  more  or  less  destroyed. 


Fia  4-'-'  —Tuberculosis  of  vertebrse  with  abscess.  Tlie  trachea  is  laid  open  in  front 
of  tho  oesophagus.  It  is  markedly  nan-owed  where  the  aorta  crosses  m  front  of  it, 
beine-  there  compressed  between  abscess  and  aorta.  The  abscess  has  extended 
upwards  and  downwards  in  front  of  the  vertebra;,  impinging  on  the  ojsophagus. 
Through  the  latter  a  piece  of  whalebone  has  been  jjassed. 

It  is  to  certain  of  the  conditions  indicated  above  that  the  term  Caries  is  some- 
times applied.  The  characteristics  of  caries  are,  rarefaction  of  the  bone,  which 
here  is  produced  by  the  encroachment  of  the  tuberculous  tissue  ;  undue  softness  of 
the  bone,  so  that  it  is  eroded  and  generally  exposed  at  an  articular  surface  or  in  the 
wall  of  a  cavity;  the  presence  of  caseous  matter,  along  with  prominent  and  flabby 
granulation  tissue,  whence  the  name  Fungous  caries.  (See  further  under  Diseases 
of  the  .Joints.) 

The  tuberculous  bone  is  a  centre  of  irritation,  and  there  usually 
follows  a  suppurative  process  which  is  frequently  slow  in  developing. 
The  resulting  Cold  abscesses  (see  Figs.  422  and  423)  are  most  typically 
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seen  in  connection  with  tuberculosis  of  the  vertebrae.  The  matter,  con- 
sisting of  caseous  debris  with  pus-corpuscles  and  serous  fluid,  may 
travel  considerable  distances,  forming,  according  to  the  place  where  it 
comes  to  the  surface,  the  Lumbar,  Psoas,  or  other  abscess.  The  whole 
track  of  the  abscess  is  liable  to  be  infected  by  the  tuberculosis  so  that 
there  may  be  an  extensive  tubercular  surface. 

Healing  of  the  tuberculosis  occurs  not  infrequently.  It  ma.y  take 
place  before  any  considerable  extension  of  the  process,  the  tissues 


.Pjg-  423.— Tuberculosis  of  dorsal  vertebrae 
with  abscess  formation  and  pressure  on  the 
cord.    From  an  infant. 


Fig.  424.— Healed  tuberculosis.  The  bodies 
collapsed  anteriorly.  Dense  bone  produced  at 
ft  to  form  a  support.  Permanent  curvature 
and  narrowing  of  spinal  canal. 


overcoming  the  tubercular  infection,  and  ultimately  absorbing  the 
necrosed  products.  But  it  also  occurs  after  the  process  of  softening 
and  formation  of  abscesses.  In  that  case  when  the  tuberculous  matter 
has  been  cleared  out,  healthy  granulation  tissue  will  be  produced, 
ihis  may  produce  new  bone,  so  as  to  some  extent  to  regenerate  and 
replace  that  which  has  been  lost.  Where  there  has  been  much  erosion 
or  collapse,  the  new  formation  will  do  little  towards  restoration,  and 
will  rather  tend  to  fix  the  bones  by  Anchylosis  in  the  position  which 
they  may  have  assumed.    In  Fig.  424  for  example,  the  anterior  parts 
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of  the  bodies  of  the  third  and  fourth  cervical  vertebrae  have  been 
destroyed  and  a  piece  of  dense  bone  (at  a)  has  been  formed  to  act  as  a 
support.  This  has  confirmed  the  acute  curvature  which  is  shown  by 
the  direction  of  the  spinal  canal.  In  Fig.  421  also,  there  has  been  a 
complete  collapse  of  two  bodies,  whose  spinous  processes  have  coalesced 
(at  b)  while  the  bodies  of  the  vertebrae  above  and  below  have  also 
coalesced  (at  a). 

While  healing  may  thus  occur,  the  tubercular  virus  may  still  linger 
about  the  parts,  and  on  the  occurrence  of  a  favourable  opportunity  it 
may  renew  its  advance.  In  the  case,  for  example,  from  which  Fig. 
421  was  taken,  the  history  showed  what  appeared  to  be  a  complete 
recovery  (with  curvature)  three  years  before  death,  but  a  more  recent 
onset  ending  in  tubercular  pleurisy  led  up  to  the  fatal  issue. 

The  tubercular  process  is  accompanied  by  the  ordinary  phenomena  of 
chronic  inflammation,  so  that  in  the  neighbourhood  there  is  usually 
new -formation  of  bone,  chiefly  subperiosteal,  and  the  surface  of  the  bone 
may  be  rough  with  irregular  projections. 

2.  Syphilitic  aflfections  of  bone. — The  Lesions  of  tertiary  syphilis 
have  usually  their  seat  of  origin  in  the  periosteum,  although  the  sub- 
jacent bone  may  be  simultaneously  involved.  The  condition  may  be 
briefly  described  by  stating  that  gummata  are  produced,  while  inflam- 
mation occurs  in  the  neighbourhood. 

Gummata  of  the  usual  structure  are  produced  in  the  internal  layers 
of  the  periosteum,  and  there  is  thickening  of  the  periosteum  around. 
This  membrane  being  tightly  stretched  over  the  tumour,  the  swelling  is 
hard  to  the  touch,  but  often  possesses  a  certain  elastic  resistance.  The 
gumma  undergoes  caseous  necrosis  in  its  central  parts,  but  advances 
peripherally,  and  as  it  advances  against  the  bone  it  causes  erosion  of  it. 
The  advance  is  in  the  first  instance  along  the  vessels,  and  as  erosion 
occurs  around  them  a  worm-eaten  appearance  is  produced  in  the  bone. 
Beneath  the  gumma,  which  has  most  frequently  its  seafon  the  bones 
of  the  skull,  especially  the  frontal  bone,  there  may  be  thus  considerable 
loss  of  substance,  so  that  even  the  entire  thickness  of  the  skull  may  be 
penetrated  (Fig.  425).  The  caseous  material  often  undergoes  softening, 
and  suppuration  ensues ;  there  may  be  very  obstinate  and  even  pro- 
gressive ulcers  produced.  Without  ulceration  the  gumma  may  undergo 
resolution,  and  a  cicatricial  depression  result,  or  after  ulceration  healing 
may  occur. 

Along  with  these  processes  immediately  related  to  the  gumma,  there 
are  in  the  neighbourhood,  conditions  referable  to  inflammation.  The 
bone  around  is  condensed  by  new-formation  filling  up  the  medullary 
spaces  and  there  is  sometimes  a  thickening  of  the  bone  by  subperiosteal 
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inflammation.  This  is  much  less  common  in  the  skull  than  in  the  long 
bones,  especially  those  of  the  legs,  where  it  sometimes  leads  to  a  very 
striking  hypertrophy  of  the  bone,  whose  surface  is  exceedingly  rough 
from  the  loss  of  substance  in  some  parts,  and  the  irregular  new-formation 
in  others.  The  bone  around  the  syphilitic  defect  or  ulcer  is  dense  bone, 
and  in  this  respect  contrasts  very  markedly  with  that  around  the  ulcera- 
tion in  tuberculosis. 

Congenital  syphilis  leads  to  important  changes  in  the  bones,  which, 
according  to  Wegner,  occur  in  a  large  proportion  of  syphilitic  foetuses. 


Pig.  426. — Necrosis  uf  puriutiil  boue  in  syi^lailis. 


The  lesions  affect  the  structures  concerned  in  the  processes  of  ossifica- 
tion, and  in  this  respect  resemble  those  of  rickets,  but  they  partake 
more  of  the  inflammatory  character,  thus  agreeing  with  the  lesions  of 
hereditary  syphilis  generally  (see  p.  183). 

In  the  Cranial  bones  the  periosteum  is  thickened  by  inflammation, 
and  this  leads  to  softening  of  the  bone  beneath.  Craniotabes  is  a 
frequent  result,  the  bone  being  lost  in  parts  exposed  to  pressure  when 
the  child  is  lying,  and  the  brain  being  so  far  covered  only  by  the 
soft  parts. 

In  the  Long  bones  the  ossifying  border  is  the  part  aff"ected.  The 
cartilage  cells  undergo  excessive  proliferation,  as  in  rickets,  and  there 
is  an  irregular  calcification  of  the  matrix.  Beneath  this  the  proper 
ossifymg  zone  frequently  shows  a  new-formation  of  granulation  tissue 
or  pus,  so  as  to  produce  a  soft  layer  almost  interrupting  the  continuity 
of  the  bone.  There  may  be  a  partial  necrosis  of  the  calcified  cartilage. 
Ihe  whole  process  occurs  very  irregularly,  the  ossifying  part  of  the 
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bone  being  swollen  and  occupied  by  calcified  and  proliferating  cartilage 
and  inflammatory  tissue,  while  true  ossification  is  delayed  and  occurs 
irregularly.  A  not  infrequent  consequence  is  a  partial  fracture  of  tbe 
bone  or  a  Separation  of  the  epiphysis. 

The  disease  affects  many  bones,  but  may  present  different  degrees. 
According  to  Wegner  the  usual  seats,  in  order  of  frequency,  are,  the 
lower  end  of  the  femur,  the  lower  ends  of  the  bones  of  the  leg  and 
forearm,  and  the  upper  end  of  the  tibia. 

3.  Actinomycosis  in  bone. — This  affection  occurs  in  the  bones  of 
the  face,  and  sometimes,  by  extension,  in  the  vertebrae,  sternum,  etc. 
The  lesions  somewhat  resemble  those  of  tuberculosis,  the  new-formed 
granulation  tissue  opening  up  the  bone  and  leading  to  caries.  The 
granulations,  however,  are  more  exuberant,  and  there  is  no  caseous 
necrosis,  but  rather  a  tendency  to  suppuration. 

Literature. —  Tuberculosis. — NELATON.L'affection  tuberculeuse  des  os,  1857;  Volk- 
MANN,  Arch.  f.  klin.  Chir.,  iv. ;  Menzel,  Die  Haufigkeit  der  Caries  in  den  verschied. 
Knochen,  ibid.,  xii.  ;  FeiedlXnder,  in  Volkmann's  Sammlung,  No.  64  ;  Schullee, 
Ueber  die  Entstehung  d.  tub.  Gelenkleiden,  1880:  Vincent,  in  Internat.  Encycl.  of 
Surg.,  vi.,  1886  (with  French  literature);  Konig,  Die  Tuberculosa  d.  Knochen  u. 
Gelenke,  1884  ;  Krause,  idem,  1891.  Syphilis — Vibchow,  Krank.  Geschwiilste,  ii., 
1865;  Canton,  Path.  Trans.,  xiii.,  1862  ;  Eicohd,  Traite  des  malad.  vener.,  1851; 
Lang,  Vorles.  ub.  Syph.,  1896;  Wegner,  Virch.  Arch.,  1.,  1870;  Stilling,  ibid., 
Ixxxviii.,  1882;  Mulleb,  ibid.,  xcii.,  1883;  Parrot,  Arch,  de  Phys.,  iv.,  1872; 
CoENiL  et  Eanviee,  Man.  d'hist.  jjath.,  i.,  1900. 


X.— SPINAL  CURVATURES. 

Introductory. — The  spinal  column  is  composed  of  vertebrae  whose 
bodies  are  separated  by  elastic  fibro-cartilages.  The  vertebrae  articu- 
late with  each  other  at  four  other  points,  two  on  the  upper  and  two  on 
the  lower  surface  of  the  arch.  They  are  also  bound  together  by  firm 
ligaments  in  front  of  and  behind  their  bodies.  The  effect  of  these 
various  connections  is  that,  even  when  the  spine  is  separated  from  all 
its  attachments  except  the  ligaments,  it  retains  its  general  form,  and 
its  natural  conformation  may  be  studied  after  its  removal  from  the 
body. 

When  seen  in  profile  the  spine  presents  the  well-known  antero-posterior  curves, 
the  convexity  being  forwards  in  the  cervical  and  lumbar  regions,  and  backwards  in 
the  dorsal.  These  curves  are  capable  of  considerable  variation  in  the  movements 
of  the  body.  The  whole  of  the  curves  may  be  obliterated  and  converted  into  a 
general  convexity  backwards  by  stooping  forwards,  as  when,  with  the  arms  ex- 
tended and  the  legs  straight,  an  attempt  is  made  to  touch  the  toes  with  the  tips  of 
the  fingers  By  arching  the  body  backwards  the  dorsal  curve  may  be  partially 
obliterated,  and  a  general  convexity  forwards  produced.    It  appears,  therefore,  that 


CURVATURES  OF  THE  SPINE. 


655 


the  spine  is  capable  of  considerable  antero-posterior  movement.  These  antero- 
posterior movements  imply  a  considerable  degree  of  compressibility  of  the  inter- 
vertebral cartilages.  The  combined  cartilages  occupy  about  a  fifth  of  the  entire 
length  of  the  spinal  column,  and  their  compressibility  may  be  inferred  from  the 
fact  that  during  the  retention  of  the  erecf  posture  the  entire  length  of  the  column 
gradually  diminishes,  so  that  the  stature  is  usually  half  an  inch  to  three-quarters 
less  at  night  than  in  the  morning.  This  is  believed  to  be  due  chiefly  to  the  com- 
pression of  the  cartilages,  which  recover  at  night  when  the  recumbent  posture  is 
assumed.  The  antero-posterior  movement  of  the  spine  is  freest  in  the  cervical  and 
lumbar  regions,  and  most  limited  in  the  dorsal. 

The  spine  is  capable  to  a  much  more  hmited  extent  of  lateral  movement.  The 
articulating  processes,  being  situated  on  either  side  of  the  arches,  prevent  any 
considerable  lateral  deviation,  as  they  become  locked  against  each  other  when  that 
occurs.  If  the  surfaces  of  these  processes  were  horizontal,  facing  one  another 
above  and  below,  then  they  might  allow  of  freer  lateral  movement,  but  the  more 
they  assume  the  perpendicular  position,  and  the  more  they  face  inwards  and 
outwards,  the  greater  is  the  impediment  to  lateral  movement.  It  will  be  found 
that  on  passing  from  above  downwards  the  articulating  surfaces  assume  more  and 
more  of  a  perpendicular  position.  In  the  cervical  region  they  are  oblique,  and  face 
slightly  inwards  and  outwards  ;  in  the  dorsal  they  are  more  perpendicular  and  face 
nearly  forwards  and  backwards,  while  in  the  lumbar  region  they  are  nearly  per- 
pendicular, and  face  each  other  nearly  inwards  and  outwards.  In  this  way  it 
occurs  that  while  lateral  movement  is  limited  in  all  regions  it  is  almost  impossible 
m  the  lumbar  region.  For  a  similar  reason,  twisting  of  the  spine  on  its  a.xis  is 
possible  to  a  very  limited  extent. 

The  question  of  the  existence  of  a  natural  lateral  curvature  has  been  a  matter  of 
dispute.  It  is  generally  stated  that  there  is  a  slight  lateral  deviation  to  the  right 
in  the  upper  dorsal  region,  and  this  is  usually  ascribed  to  the  more  frequent  and 
forcible  exertion  made  with  the  right  arm ;  but  the  existence  of  this  curve  has  been 
seriously  questioned  (Adams).  The  late  Dr.  Foulis  in  110  post-mortem  examina- 
tions found  lateral  deviation  in  no  less  than  58  cases.  He  did  not  observe  it 
specially  in  the  upper  dorsal  region  or  towards  the  right,  and  concluded  that  it  was 
due  to  the  positions  habitually  assumed  by  the  persons  at  their  various  trades.  We 
may  perhaps  conclude  that  normally  there  is  no  lateral  curvature,  but  that  a  very 
t^tj;;::^:^::'^  ^  ^^-e^uently  repeated  position  o'f 

Forms  of  spinal  curvature. -The  function  of  the  spine  is  to  support 
the  structures  attached  to  it,  and  to  hold  the  head  erect,  the  latter 
function  being  m  man  the  more  prominent  one.    Any  single  curvature 
of  the  spine  wi  1  have  the  tendency  to  remove  the  head  from  the  ere 
position,  ana  tilt  it  backwards  or  forwards  or  to  one  side,  and  in  oX 
to  preserve  the  erect  position  there  is  required  a  cur;ature  in  th 
opposite  direction.    The  natural  antero-posterior  curves  are  in  thi 
sense  mutually  compensatory,  the  lumbar  restores  the  p   ition  ost  bv 

vXir;  ttr:  •:  Tf wheniiri; 

these  curvatnr!  '^''V  .     "^'"'^     ^  «on^Pensation,  so  that 

curvatures  may  be  divided  into  Primary  and  Secondary.    It  vnll 
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not  be  necessary  to  consider  in  detail  the  secondary  curvatures ;  their 
amount  and  direction  may  be  inferred  from  those  of  the  primary  ones. 
It  may  be  stated,  however,  that  there  are,  frequently,  several  secondary 
■or  compensating  curves,  the  spine  presenting  several  sinuosities  in 
order  to  reach  the  stable  position  for  the  head. 

1.  Antero-posterior  curvature. — There  are  two  quite  distinct  forms 
of  antero-posterior  curvature,  the  curVe  in  the  one  form  being  rounded, 
and  mainly  an  exaggeration  of  the  natural  curvature,  and  in  the  other 
sharp  or  angular. 

(a)  Angular  curvature.  Pott's  disease  of  the  spine. — This  depends 
on  disease  or  injury  to  the  bodies  of  the  vertebrae.    For  the  most  part 

it  is  a  Local  tuberculosis 
of  one  or  more  of  the  bodies 
with  the  caseous  necrosis 
and  caries  described  above 
(see  Fig.  421).  The  softened 
bodies  of  the  vertebrse  give 
way  under  the  superincum- 
bent weight,  and  the  spine 
is  bent  at  a  sharp  angle, 
the  spinous  processes  be- 
coming unduly  prominent 
behind.  The  affection  of 
the  bodies  may  be  unsym- 
metrical,  and  if  collapse  be 
more  at  one  side  than  the 
other  the  angular  curva- 
ture will  not  be  exactly 
antero-posterior. 

This  form  of  curvature 
is  more  rarely  due  to  trau- 
matic causes,  as  crushing 
of  the  bodies  by  heavy 
weights  falling  on  the  head 
or  back,  or  by  a  fall  from 
a  height.  This  condition 
is  shown  in  Fig.  426,  where  a  vertebra  is  seen  cmshed  '^'^d  P'^";; 
of  it  displaced  against  the  cord.    This  may  lead  immediately  to  an 

Tt^:~special  notice  that  angular  curvature  is  much  more 
obvious  in  the  dorsal  region  than  elsewhere  as  it  here  --as 
natural  posterior  curvature.    In  the  cervical  and  lumbar  regions,  wheie 


Fie  426  —Vertebra  crushed  and  part  of  it  displaced 
backwards  so  as  to  injure  the  cord.  There  was  acute 
curvature  and  paralysis.  (The  curvature  is  not  shown  in 
figure  as  the  parts  have  been  replaced  so  as  to  display  the 
lesion.) 
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the  natural  convexity  is  forwards,  there  may  be  a  rounded  posterior 
curvature  produced,  or,  even  with  extensive  disease,  there  may  be  very 
little  posterior  curvature  visible  externally. 

The  spinal  cord  is  not  necessarily  injured  by  angular  curvature, 
but  in  many  cases  it  is  crushed  and  interrupted.  It  may  be  so 
even  during  the  process  of  healing,  the  sclerosis  or  condensation  of 
the  vertebrae  sometimes  causing  further  shrinking  and  increase  of  the 


curvature 


.  (b)  Kyphosis  or  Posterior  curvature.— In  angular  curvature  the  con- 
vexity is  backwards,  and  the  name  kyphosis  is  sometimes  applied.  The 
term  is  more  commonly  employed  to  indicate  a  more  gradual  rounded 
curvature.  This  is  mainly  an  exaggeration  of  the  normal  curvature 
with  the  convexity  backwards  in  the  dorsal  region,  and  is  due  chiefly 
to  muscular  weakness  or  a  habit  of  stooping.  It  is  most  frequent 
m  children  and  old  people,  leading  in  its  most  exaggerated  form 
to  hump-back  (a  condition,  however,  which  is  more  frequently  the 
result  of  rotatory  curvature),  and  in  a  lesser  degree  to  round  shoulders. 

(c)  Lordosis  or  Anterior  curvature.-In  this  condition  the  convexity 
of  the  curve  is  forwards,  and  the  tendency  of  it  is  to  throw  the  head 
backwards.  It  is  most  common  in  the  lumbar  region,  and  in  the 
majority  of  cases  is  due  to  rickets.  Eickets  when  it  aifects  the  pelvis 
causes  the  sacrum  to  assume  a  more  horizontal  position  than  normal 
and  m  order  to  retain  the  erect  position  the  lumbar  anterior  curve  is 
exaggerated.  It  may  also  be  produced  by  congenital  dislocation  of  the 
hip-joint  (stated  by  Adams  to  be  of  considerable  frequency),  and 
anchylosis  of  the  h.p.  There  may  be  also,  but  rarely,  a  direct  Ltdosis 
in  the  lumbar  region  from  rickets,  the  natural  curvature  being  increased 
by  reason  of  the  softness  of  the  bones.  In  the  dorsal  afd  cervral 
regions  lordosis  is  very  uncommon.  cervical 

2  Lateral  curvature,  Rotatory  curvature,  Scoliosis.-In  the  intro 

allows  of  exceedingly  limited  lateral  deviation     But  it  nft.n  h 
hat  from  habitual  faulty  positions  at  work "r  otherti  f  thereT: 
frequently  repeated  tendency  to  lateral  deviation     In  fZ 

The  faul  V  .    .  .  ^'^^  P^^'^^'  dotation  of  the  vertebr* 

i!i;ono^in:^^^^^^^     "^1^^'^  -ultofabadhabi^ofl^d: 

-ay  be  from  si  ti"  in  '  "  '"'"'^"''^  "'^'^  ^''^'^ '  «^ 

labour,  so  tL  e  L  2  "r'""'^r*^^"  «*^dy  or  manual 
particularly  in  one  d  1  in.  '  "  "  f ''^'^^  -ed 
to  one  side    or  t^er.        T  ^^'P'^««        '^^"tre  of  gravity 

,  or  there  may  be  a  hysterical  contraction  of  the  Suscles 


* 
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of  the  scapula  lasting  for  a  long  period  and  altering  the  centre  of 
gravity  or  there  may  be  an  obliquity  of  the  pelvis  from  one  leg 
being  shorter  than  the  other,  as  sometimes  in  rickets.  There  is  also 
softening  of  the  bones  in  rickets,  and  very  considerable  curvature  may 
occur  when  this  is  associated  with  obliquity  of  the  pelvis. 

The  mechanism  of  this  rotation  will  be  understood  from  the  accom- 
panying diagram  (Fig.  427).  The  dark  outline  indicates  the  natural 
position  of  the  vertebra,  the  dark  straight  lines  indicatmg  the  natural 

axis  and  the  direction  of  the  trans- 
verse processes.     When  rotation 
occurs  the  bodies  of  the  vertebrae 
move  round  so  as  to  present  to  one 
side  in  the  direction  of  the  lines  a  a 
and  a  a,  while  the  spinous  process 
deviates  very  little.    In  the  figure 
the  centre  of  rotation  is  just  behind 
the  tip  of  the  spine,  and  there  is 
a  slight  deviation  of  it;  but  the 
centre  of  rotation  may  be  at  the 
tip  of  the  spine,  and  with  very 
marked  rotation  of  the  vertebrae 
there  may  be  no  deviation  of  the 
spines. 

Lateral  rotatory  curvature  is  met 
with   chiefly  in  the  dorsal  and 
lumbar  regions,  being,  as  a  rule, 
much  more  extreme  in  the  former, 
"probably  from  the  greater  mobility  tb-e  (see  Kg.  428>    There  .s 
Lally'curvature  in  both  ^^^^ZTZ^, -  ^ 

will  increase  together.  l^^e  of 

We  have  seen  above  m  --"^^^^jf^ta  fon  o^  An 
the  — se  "^t^^ZZ..^^  process  on  the 

examination  of  that  iigure  w  a  sno  ba«kwards,  and  in  actual 

side  of  the  convexity  is  "^'^eraby  displaced  ba«k        ,      ^  .  ^  ^^^^ 

STr:  t  Fi,s.  and  .30,  the 


Fiff.  427.-Diagram  showing  notation  of 
vertfbra  in  latei'al  or  rotatory  curvature.  The 
various  lines  show  the  positions  of  the  boay 
andnnsverseproce-ssesinthediflerentdegrees 

•2?ro™  Tl?e  axis  of  rotation  is  behind  the 
tip  of  the  spinous  process,  where  the  tnree 
lines  meet.  (Adams.) 

-eater  mooinvy  m^^io   o-  -  - 

usually  curvature  in  both  these  regions,  the  two  curves  ],-ng  in 


makes  a  sharp  curve  at  its  angle,  so 


that  it  is  greatly  flattoued  laterally. 
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The  figure  also  shows  that,  in  such  a  case,  the  capacity  of  the  coire- 
sponding  side  of  the  chest  is  greatly  diminished.    The  vertebrte  are 


Fig.  42S.-Extreme  rotatory  curvature  affectiug  chiefly  the  dorsal  vertebrte. 

rotated  into  that  side  of  the  chest,  and  the  ribs  are  flattened  towards 
the  vertebrae,  these  conditions  sometimes  attaining  to  such  a  degree 


«ide  of  the    he  t         ,    ^  T"'  '^P^^^'Y  of  this 

chest,  the  lung  beang  correspondingly  compressed  and 
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curtailed  in  its  movements.  It  will  be  seen  also  that  posteriorly  there 
is  prominence  of  the  angles  of  the  ribs  on  the  side  corresponding  with 
the  convexity  of  the  curve,  while  anteriorly  the  breast  on  the  opposite 
side  is  prominent. 

The  term  Spondylolisthesis  -has  been  introduced  to  designate  a  rare 
condition  in  which,  as  a  result  of  injury  or  inflammation,  the  fifth 
lumbar  vertebra  is  displaced  forwards  so  as  to  overhang  the  base  of  the 
sacrum.  The  vertebra  carries  with  it  the  whole  spinal  column  above  it 
and  projects  into  the  pelvis  and  narrows  it. 

Literature.-PoTT,  Remarks  on  that  kind  of  Palsy  which  is  often  found  to  accom- 
pany curvature  of  the  spine,  1779 ;  Further  remarks,  etc.,  1782 ;  Wabd,  Prac.  obs.  on 
distortion  of  spine,  etc.,  1882;  Shaw,  in  Holmes'  Syst.  of  Surg.,  1883;  Ad^^.s, 
Lectures  on  curvature  of  spine,  2nd  ed.,  1882  ;  Little,  in  Holmes'  Syst-  of  Surg., 
1883  •  Nettoebauer,  Zur  Ent^Yickelung  d.  Spondylolisthesis  desBeckens,  1882  ;  also 
New  Syd.  Soc.  transl.,  1888  ;  Swedlin,  Arch,  f .  Gynaek.  xxii.,  1883 ;  Krukenberg, 
ibid.,  XXV.,  1884;  Chiari,  Prag.  Zeit.  f.  Heilk.  xiii.,  1892  (literature). 

XI.— TUMOURS  OF  BONE. 
The  tumours  of  bone  spring  from  the  active  tissue  which  enters 
into  the  composition  of  bone,  and  this  has  been  shown  to  be,  on  the 
one  hand,  the  medulla,  forming  not  only  the  marrow  of  the  long  bones, 
but  occupying  also  the  spaces  of  the  spongy  bone  and  the  various 
canals  of'L  dense  bone;  and.  on  the  other  hand  the  ^fV^^^^.te^ 
layer,  which  really  is  formed  of  the  same  tissue  as  the  medulla.  Ihe 
tumours  of  bone  may  be  distinguished  according  as  they  arise  from  the 
medulla,  in  which  case  they  may  be  called  Central  or  Mye  og^^^^^^^^^^  or 
from  the  subperiosteal  layer  when  they  are  designated  Peripheral  oi 
sIperiosteaL-  Originating  in  these  structures  the  tumours  of  bone 
ver/f  quently  contain  bone  which  is  produced  by  a  Foces-f  ^^^^^^^ 
formation  in  the  tumour  itself.    This  applies  more  particularly  to  the 
fibrCcartilaginous,  and  sarcomatous  forms,  but  even  in  cancers  there 
is  sometimes  an  ossification  of  the  stroma. 

tTc  prTmary  tumours  of  bone  belong  to  the  connective  t-sue  ser  es 
hut  fror^  The  near  connection  of  some  of  the  bones  (especially  the 
if  wTth  epithelial  structures,  we  may  have  tumours  composed  of 

constitute  rare  forms.    Amongsb  ^^iie  Carcinoma  is 

the  jaws.  | 
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Osteoma. — The  osseous  tumours  in  connection  with  bone  have  been 
distinguished  as  exostoses  when  they  grow  on  the  surface,  and  enos- 
toses  when  they  are  central.  The  former  are  much  the  commoner. 
According  to  structure  they  are  designated  ivory  exostoses  when  they 
are  composed  of  dense  bone,  and  spongy  exostoses  when  of  cancellated 
bone.  In  some  of  the  exostoses  the  bone  is  formed  from  membrane,  in 
others  from  cartilage,  so  that  a  layer  of  cartilage  covers  the  surface  of 
the  tumour  so  long  as  it  is  growing.  This  form  is  sometimes  called  the 
Cartilaginous  exostosis.    (See  p.  297.) 

It  may  be  added  that  Multiple  exostoses  are  of  occasional  occur- 
rence. In  the  case  from  which  Fig.  430  is  taken  (Virchow)  the  patient, 
a  boy  ten  years  of  age,  had  suffered,  during  the  course  of  three  years, 
from  repeated  attacks  of  rheumatism  affecting  the  joints  and  muscles. 
The  result  was  the  formation  of  sixty-five  exostoses  on  various  bones  of 
the  body.  Exostoses  also  occur  not  infi-equently  at  the  insertion  of 
tendons,  growing  into  the  latter  and  sometimes  even  separate  from  the 
bones.  These  are  connected  in  their  origin  with  the  contraction  of 
powerful  muscles,  occurring  chiefly  where  such  muscles  are  inserted, 
and  sometimes  induced  by  specially  violent  exercise  of  the  muscles. 

Fibroma.— These  tumours  are  mostly  peripheral,  but  they  have  been 
observed  also  centrally  in  the  lower  jaw,  vertebree,  and  ends  of  the 
long  bones.  The  peripheral  ones  mostly  occur  in  the  bones  of  the  face 
and  cranium.  They  sometimes  grow  into  the  nares,  forming  naso- 
pharyngeal polypi.  In  structure  they  consist  of  an  intricate  mesh- 
work  of  fibrous  tissue.  They  do  not  form  limited  tumours,  but  grow 
out  from  the  periosteum  over  a  considerable  area,  and  are  firmly 
adherent  to  the  bone.  Trabecule  of  bone  frequently  traverse  the 
tumour  tissue. 

Chondroma.-This  occurs  both  as  a  central  and  as  a  peripheral 
tumour.    The  characters  of  the  cartilage  vary  somewhat  in  different 


cases. 


The  central  chondromata  originate  in  the  medulla,  especially  in 
the  s^all  bones  of  the  hands  and  feet,  and  they  are  often  mul^le. 

the  trunk,  and  those  of  the  head.    They  are  generally  nodulated 

of  I trih-  r' t"'""'  form 
comp'slersent^^^^^^^^^  '^^^"P^^^""  tumour  is 

periLeumTf  r!   ^  '"'^  ^"^^  ^"       deep  layer  of  the 

ihe  cells  are  smaller  fhan  cartilage  cells  and  mostly 
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round  ;  they  do  not  possess  capsules.  There  is  a  dense  intercellular 
substance  which  has  a  someM^hat  fibrous  appearance.  In  the  midst  of 
the  tissue  portions  of  true  cartilage  may  be  found.  Being  formed  of 
tissue  analogous  to  that  which  is  preliminary  to  ossification  it 
frequently  undergoes  calcification  and  even  conversion  into  true  bone. 
Such  tumours  form,  mostly,  under  the  periosteum  of  the  long  bones, 
and  their  seat  of  election  is  the  lower  end  of  the  femur  or  the  upper 
end  of  the  tibia,  originating  probably  in  the  layer  of  osteoblasts  there, 
and  they  may  grow  to  large  dimensions.  They  thus  form  club-shaped 
expansions  of  the  long  bones  (Fig.  431).  On  section  the  tissue  is 
found  to  be  dense,  and  it  becomes  osseous  or  calcareous  on  passing 
deeply,  where  it  is  incorporated  with  the  bone.  The  medullary  cavity 
of  the  bone  is  often  filled  with  new-formed  bone.  This  form  of  tumour 
sometimes  presents  a  tendency  to  become  sarcomatous,  and  even  with- 
out that  it  may  recur  after  removal. 

Myxoma. — This  form  of  tumour  is  very  rare,  but  cases  have  been 
observed  of  both  central  and  peripheral  origin.  The  tissue  is  usually 
mixed  with  cartilage  or  other  tissue.  The  growing  tumour,  whether 
central  or  peripheral,  causes  atrophy  of  the  bone.  The  commonest 
seat  is  the  jaw-bones. 

Lipoma  is  still  more  rare.  Cases  have  been  described  in  the  upper 
jaw  and  tibia,  and  the  author  has  recorded  a  case  of  central  lipoma  of 
a  rib. 

Angioma. — Tumours  composed  of  blood-vessels  are  very  rare  in  the 
bones,  but  some  cases  are  recorded  in  which  cavities  filled  with  blood 
have  communicated  with  vessels.  These  cavities  have  been  chiefly  at 
the  ends  of  long  bones.  The  cavities  are  variously  regarded.  Some 
consider  them  true  vascular  tumours,  others  believe  they  are  produced 
by  rupture  of  arteries,  and  are  False  aneurysms,  while  others  assert 
that  they  originate  from  sarcomas  whose  vessels  have  enlarged.  The 
name  Haematoma  is  also  applied  in  the  view  that  they  originate  in 
heemorrhage. 

Besides  these  tumours,  others  may  be  so  highly  vascular  as  to  be 
pulsatile  during  life.    This  applies  especially  to  the  soft  sarcomas. 

Cysts.  Cystoma.— Cysts  occasionally  arise  in  bone  by  softening  of 
the  tissue  of  other  tumours  or  of  the  bone-marrow  itself.  Fig.  432 
represents  a  case  in  which  the  head  of  the  fibula  was  distended  by  a 
unilocular  cyst  which  contained  serous  fluid  and  was  lined  by  a 
vascular  membrane. 

Cysts  of  the  jaws  merit  special  attention.  These  originate  for  the 
most  part  near  the  alveolar  processes,  and  are  probably  related  to  the 
teetti.    feome  of  them  are  single,  Unilocular  cysts,  and  have  their 
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origin  in  teeth  which  have  not  undergone  the  usual  eruption.  A  tooth 
or  pieces  of  hard  substance  (dentine)  are  usually  present  in  the  wall  of 
the  cyst.  Others  are  Multilocular  and  develop  out  of  a  gland-like 
tissue,  the  cells  of  which  undergo  colloid  degeneration,  and  in  this  way 
form  cysts.    In  its  original  structure  the  tumour  might  be  called  an 

adenoma,  and  a  considerable  portion 
of  it  is  sometimes  composed  of  solid 
glandular  or  epithelial  tissue.  Accord- 
ing to  Eve  the  tumour  arises  by 
penetration  downwards  of  the  epithe 
Hum  of  the  gums,  and  he  compares 
this  to  the  normal  penetration  of  this 
epithelium  in  the  foetus  in  order  to  form 
the  enamel  organ.    These  multilocular 
cysts  are  mostly  innocent,  but  some- 
times the  epithelium  is  less  regularly 
arranged,  and  they  approach  in  struc- 
ture and  tendencies  to  the  cancers. 
Both  forms  of  cysts  originate  in  the 
interior  of  the  jaws  and  distend  them  ; 
those  in  the  upper  jaw  have  a  special 
tendency  to  pass  into  the  antrum 
which  they  may  fill  out. 

Sarcomas.— These  form  the  most 
important  group  of  tumours  of  bone. 
They  are  divisible  into  central  and 
subperiosteal  forms. 

The  Central  or  Myelogenous  sar- 
comas occur  in  the  lower  jaw  and  in 
the  cancellated  tissue  of  the  long 
.  bones,  especially  the  femur,  tibia,  and 
humerus.  They  present  a  somewhat 
varied  structure.  Many  of  them  are 
giant-celled  or  myeloid  sarcomas  (see  Fig.  177,  p.  340).  Some 
are  composed  of  large  round  cells,  which  may  resemble  epithelial 
cells,  some  are  spindle-celled.  There  are  also  cases  in  which  large 
cells  exist  in  nests  forming  an  alveolar  sarcoma,  which  resembles 
cancer. 

The  central  sarcomas,  originating  in  the  bone-marro« 
substance  of  the  bone,  destroy  in  their  growth  the  bone-tissue, 
way  they  frequently  work  their  way  to  the  surface,  des  roying  the 
Ttinu  ty  of  the  bone.    Spontaneous  fracture  is  the  result.    This  is 


FiK  432.— Cyst  of  upper  eud  of  fibula. 
The  upper  part  of  the  bone  is  expanded 
into  a  cyst  which  contained  a  reddish 
serous  fluid. 
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well  seen  in  Fig.  433,  which  represents  the  upper  part  of  a  central 
myeloid  sarcoma.  Below  there  is  a  bulky  tumour  distending  the  lower 
•end  of  the  femur  (not  shown  in  figure).  A  spontaneous  fracture  has 
occurred  and  the  upper  fragment  is  shown.  The  tumour  is  growing  in 
the  medullary  cavity  of  the  shaft  and  has  eroded  the  bone  on  either  side 
so  that  the  dense  bone  tapers  off.   The  fracture  has  been  thus  produced. 

In  some  cases  the  sarcomatous  tissue  almost  entirely  replaces  the  proper  bone, 
the  condition  suggesting  a  new-formation  in  the  entire  medulla.  This  is  strikingly 
the  case  in  a  preparation  in  the  Museum  of  the  Western  Infirmary,  Glasgow. 
Here  the  entire  humerus  is  replaced  by  a  bulky  tumour  consisting  of  round 
and  spindle-shaped  cells,  no  trace  of  the  bone  persisting  except  the  condyles. 
The  arm  was  amputated,  but  a  precisely  similar  tumour  developed  in  the  other 
humerus,  which  was  also  amputated. 

The  Subperiosteal  sarcomas  (Peripheral  sarcomas,  see  Fig.  434)  are 
chiefly  round-celled  or  spindle-celled,  but  in  the  case  of  the  jaws  they 
may  be  giant-celled.  The  tumour  may  enclose  a  considerable  portion 
■of  the  bone,  especially  in  the  case  of  the  long  bones,  and  may  present  a 
somewhat  radiating  arrangement  from  the  shaft.  The  growing  tumour 
is  liable  to  erode  the  proper  tissue  of  the  bone,  as  shown  in  Fig.  434. 
The  tissue  is  very  liable  to  undergo  ossification.  In  some  the  ossifica- 
tion is  so  striking  a  feature  that  the  whole  tumour  is  represented  by  a 
mass  of  dense  bone,  on  the  surface  of  which  the  sarcomatous  tissue  is 
present  as  a  comparatively  thin  layer.  To  this  form  the  term  Osteoid 
sarcoma  may  be  applied.  The  cells  on  the  surface  of  this  tumour  are 
variously  shaped,  and  the  bone  seems  to  arise  directly  from  these  cells, 
which  act  as  osteoblasts. 

The  sarcomas  of  bone  show  very  varying  degrees  of  Malignancy. 
They  grow  locally  at  the  expense  of  the  bone  as  in  Figs.  433  and  434, 
and  not  infrequently  encroach  on  neighbouring  structures,  sometimes 
penetrating  into  the  joints.  Many  of  them  show  merely  this  local 
malignancy,  but  others  extend  by  metastasis  to  internal  parts.  Even 
the  highly  ossifying  forms  may  lead  to  secondary  tumours  in  the  lungs, 
and  secondary  tumours  showing  a  similar  ossifying  tendency. 

Carcinoma.— A  primary  cancer  can  scarcely  originate  in  bone,  where 
there  are  no  epithelial  elements.  In  the  jaws,  however,  we  meet  with 
what  are  practically  primary  cancers.  The  near  connection  of  the  jaw- 
bones with  the  gums  and  with  the  teeth,  whose  enamel  organ  is  an 
epithelial  structure,  explains  the  origin  of  such  tumours.  Cysts  of  the 
.antrum  have  been  already  referred  to  as  frequently  originating  in 
adenoid  tissue,  and  this  tissue  may  take  on  a  cancerous  character.  In 
Dotn  jaws,  also,  cancer,  originating  at  the  alveolar  surface,  may  grow 
into  and  involve  the  bone.    Cases  are  not  uncommon  in  which  a  cancer 
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has  originated  in  connection  with  an  old  discharging  cloaca,  the  result 
of  necrosis.  The  cancer  extends  into  the  sinus,  and  even  into  the 
cavity  of  the  bone. 

Secondary  cancer  is  very  frequent  in  the  bones.  Cancer,  when  it 
becomes  generalized,  is  very  liable  to  become  implanted  in  the  can- 
cellated tissue,  especially  of  the  vertebrae,  ribs,  and  ends  of  the  long 


•J 
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Pig.  43-1. — Spindle-celled  sarcoma  of  tibia 
growing  from  ui^per  end  of  diapHysis.  It 
is  eroding  the  bone. 


Fig.  433. — Upper  part  of  a  conti-al  myeloid 
sarcoma  of  femur  in  section.  The  tumour 
was  gi-owing  in  the  medullary  canal  and  had 
eroded  the  bone  on  either  side. 

bones.  It  there  grows  as  a  central  tumour,  distending  and  destroying 
the  bone,  and  sometimes  leading  to  spontaneous  fractures  as  in  Fig. 
435.  In  most  cases  the  tumours  are  multiple.  The  stroma  is  some- 
times composed  of  bone  and  cartilage  so  that  the  tumour  may  be  hard. 

Secondary  thyroid  adenoma  is  a  rare  form  of  tumour  in  bone.  A 
few  cases  have  been  observed  in  which,  with  enlargement  of  the 
thyroid,  secondary  tumours  composed  of  glandular  tissue  have, 
developed,  chiefly  in  the  bones  of  the  skull  and  vertebrae  In  a 
case  observed  by  the  author  the  tumours  occurred  m  the  diploe  ot 
the  skull,  and  in  gi'owing  destroyed  the  bone.  One  of  the  tumours  m 
the  occipital  region  caused  a  gap  in  the  skull  an  inch  and  three-quarters, 
in  diameter.  This  was  occupied  by  the  tumour  which  projected 
inwards  and  outwards.  It  formed  during  life  a  bulky  Pulsatile  tumour. 
(See  under  Thyroid  gland.) 
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Parasites  in  bone.— The  Cysticercus  cellulosee  has  been  observed. 
Targett  has  given  a  good  account  of  hydatids  in  bone.  This  disease, 
due  to  the  echinoooccus,  is  very  rare  in  bone.  The  cysts  develop  either 
in  the  substance  of  the  bone,  more  particularly  the  ends  of  the  long 
bones,  the  bodies  of  the  vertebrae  and  the  pelvis,  or  they  develop  inside 


Fig-.  43"). — Spontaneous  fracture  of  neck  of  femur  from  a  sccondHiy  cancer. 


a  natural  cavity  such  as  the  frontal  or  sphenoidal  sinuses,  this  being 
much  less  common  than  the  other.  The  lesion  is  usually  a  diffuse  one  ; 
there  is  no  mother  cyst,  and  the  hydatids  bud  out,  forming  an  exo- 
genous growth.  After  growing  and  distending  the  bone  it  may  burst 
through  it  and  develop  further  in  the  soft  parts  around. 

literature.— Weber,  Die  Exostosen  und  Enchondrome,  185(5;  Viechow,  Ge- 
schwlilste,  ii.;  Lucre,  in  PithaundBillroth's  Handb.,  1869;  CoENiLstRANviER,  Man. 
d'hist.  path.,  i.,  latest  edit. ;  Coats  (Lipoma),  Trans.  Glas.  Path,  and  Clin.  Soc,  iii., 
1892;  Eve,  Cystic  tumours  of  jaws,  Brit.  Med.  Jour.,  1883,  i.  ;  Heath,  Injuries 
and  dis.  of  jaws,  3rd  ed.,  1884;  Butlin,  Oper.  surg.  of  malig.  disease,  1887; 
Jones,  Dis.  of  bones,  1887  ;  Coat.s  (thyroid  adenoma),  Path.  Trans.,  xxxviii.,  1887; 
Targett,  Guy's  Hosp.  Eep.,  1.,  1893. 
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B. — The  Joints. 
I.— DISLOCATIONS  AND  MISPLACEMENTS. 

1.  Congenital  dislocations. — Children  are  sometimes  born  with  cer- 
tain joints  in  faulty  positions,  some  of  these  being  really  traumatic  and 
others  of  more  obscure  origin.  The  traumatic  cases  arise  for  the  most 
part  during  parturition,  either  from  the  natural  forces  engaged  in 
delivery,  or  by  dragging  on  the  part  of  attendants.  The  Hip-joint  is 
not  infrequently  dislocated  in  this  way,  and  usually  the  displacement 
is  double.  The  head  of  the  bone  is  usually  displaced  upwards  so  as  to 
rest  on  the  dorsum  of  the  ilium  above  and  behind  the  acetabulum. 
Through  time  the  head  makes  for  itself  a  new  joint,  and  the  acetabulum 
fills  up.    Congenital  dislocations  of  other  joints  are  exceedingly  rare. 

2.  Talipes  or  Club-foot  and  Club-hand.— These  names  are  applied 
to  distortions  of  the  feet,  or  more  rarely  of  the  hands;  the  bones 
assume  certain  abnormal  positions  in  which  they  are  retained  by  the 
contraction  of  muscles. 

Causation. — A  certain  proportion  are  Congenital,  the  child  being 
born  with  one,  or  more  commonly  both  feet,  turned  rigidly  in,  so  as 
to  form  a  Talipes  varus.  The  muscles  keep  the  foot  in  this  position. 
According  to  Eschricht  and  Berg,  the  foot  in  early  foetal  life  is 
inverted,  and  at  birth  normally  retains  a  degree  of  inversion,  the  soles 
being  turned  in.  An  exaggeration  of  this,  or  a  retention  of  the  early 
foetal  condition,  constitutes  a  congenital  club-foot. 

The  Non-congenital  forms  are,  in  most  cases,  due  to  infantile 
paralysis,  a  disease  in  which  some  muscles  are  paralyzed,  while  others 
are  not.  In  some  cases  the  deformity  is  due  to  the  rigid  contraction 
of  the  unparalyzed  muscles,  a  condition  to  which  the  name  Paralytic 
contracture  is  given.  In  many  cases,  however,  the  faulty  position  is 
largely  due  to  the  fact  that  the  paralyzed  muscles  are  not  able  to  keep 
the  foot  in  its  proper  position,  so  that  it  tends  to  fall  into  the  attitude 
it  would  assume  if  there  were  no  muscles.  These  positions  are  also 
variously  modified  by  the  use  made  of  the  foot  in  walking,  the  parts 
being  brought  against  the  ground  in  the  position  most  suitable  to 
stability  in  the  maimed  condition  of  the  limb.  In  a  similar  way  club- 
foot may  occur  in  pseudo-hypertrophic  paralysis. 

Besides  paralysis,  it  seems  that  spasm  may  lead  to  talipes,  although 
the  explanation  of  the  local  spasm  is  often  very  obscure.  It  is  un- 
doubted that  children  sometimes  acquire  a  talipes  after  a  convulsive 

Forms  of  Talipes.-These  do  not  call  for  detailed  description  here. 
There  are  four  principal  forms,  some  of  which  may  be  combined. 
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In  Talipes  varus  the  toes  are  inverted,  and  the  inner  margin  of  the 
foot  is  raised  upwards;  the  tibiales  anticus  and  posticus  are  the 
muscles  which  are  chiefly  contracted.  In  Talipes  valgus,  which  is 
one  of  the  rarer  forms,  the  foot  is  turned  outwards,  the  outer  border 
is  raised,  and  there  is  usually  also  some  elevation  of  the  heel ;  the 
peronei,  extensor  longus  digitorum,  and  gastrocnemius  are  the  muscles 
chiefly  engaged.  In  Talipes  equinus  the  heel  is  raised  and  the 
foot  extended,  so  that  the  person  walks  on  the  distal  extremities  of 
the  metatarsal  bones ;  the  gastrocnemius  is  the  muscle  contracted. 
In  Talipes  calcaneus  the  heel  is  depressed,  and  the  foot  flexed  at 
the  ankle,  this  deformity  being  the  reverse  of  the  preceding  one ; 
the  contracted  muscles  are  chiefly  the  tibialis  posticus,  the  peronei, 
and  the  extensors. 

By  long  retention  of  the  fixed  position  the  Bones  become  variously 
modified  in  shape,  undergoing  atrophy  where  exposed  to  prolonged 
pressure.  Where  the  cartilage  is  no  longer  used  in  the  movements  of 
the  joints,  it  also  atrophies.  The  bones  frequently  acquire  adhesions 
in  their  new  positions,  and  the  ligaments,  by  elongating  or  shortening, 
accommodate  themselves  to  the  new  position.  New  ligamentous  attach- 
ments are  sometimes  formed,  and  the  bones  may  become  joined  together 
by  anchylosis. 

3.  Flat-foot. — In  this  condition  the  internal  arch  of  the  foot  is 
flattened  so  as  to  be  in  some  cases  abolished ;  at  the  same  time  the 
foot  is  rotated  outwards  and  the  astragalus  is  pushed  downwards  and 
inwards,  the  greater  part  of  its  head  ultimately  leaving  the  scaphoid. 
The  condition  arises  from  the  weight  of  the  body  stretching  the 
ligaments,  chiefly  the  external  calcaneo-astragaloid  and  the  interosseous 
calcaneo-astragaloid.  The  loosening  of  these  ligaments  allows  of  the 
displacement  of  the  astragalus,  which  is  the  essential  element  in  the 
production  of  the  lesion. 

4.  Traumatic  dislocations.— We  have  here  to  do  with  cases  in 
which  the  bone  is  pushed  out  of  its  place  by  some  external  force 
acting  on  it. 

The  bones  are  kept  in  their  places  mainly  by  the  ligaments  of  the 
joints,  but  no  inconsiderable  aid  in  this  regard  is  given  by  the  muscles 
which  act  on  the  bones.  As  a  general  rule  when  external  force  is 
exercised  on  a  bone  at  a  joint,  the  muscles  are  so  braced  up  as  to  enable 
the  bone  to  retain  its  place  in  spite  of  the  external  force:  But  if  a 
force  is  exercised  on  a  bone  unexpectedly  or  if  the  muscles  are 
generally  relaxed  as  in  alcoholic  stupor,  then  it  may  be  displaced, 
although  the  force  under  ordinary  circumstances  would  be  insufficient 
to  produce  this  effect. 
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When  the  bone  is  dislocated,  the  same  contraction  of  the  muscles 
which  normally  aids  in  preventing  dislocation,  generally  offers  a  serious 
obstacle  to  the  return  of  the  bone  to  its  normal  place. 

A  bone  may  even  be  displaced  by  the  action  of  the  muscles  themselves,  where 
a  certain  group  acts  very  vigorously  while  their  antagonists  are  relaxed.  There 
are  indeed  persons  who  can  produce  Dislocation  voluntarily  of  almost  all  the  more 
movable  joints,  and  that  by  mere  muscular  effort.  In  order  that  this  may  occur  we 
must  suppose  a  certain  laxness  of  the  ligaments,  but  there  is  also  a  power  acquired 
by  education  of  strongly  contracting  certain  muscles,  while  others  which  usually  . 
contract  along  with  them  are  relaxed.  We  know  that  for  the  most  part  the 
muscles  in  their  contractions  are  co-ordinated,  and  most  people  are  unable  to 
contract  individual  muscles  apart  from  their  co-ordinates,  but  there  are  excep- 
tional persons  who  possess  this  power,  some  in  a  limited  degree  and  others  very 
remarkably.  Many  persons,  for  instance,  cannot  shut  one  eye  without  shutting 
the  other,  and  most  persons  when  they  shut  one  require  to  make  an  active  effort 
at  opening  the  other,  in  order  to  prevent  it  shutting  too.  But  there  are  persons 
who  can  close  the  eyelids  of  one  eye  as  easily  as  they  can  close  the  fingers  of 
■one  hand. 

In  traumatic  dislocation  there  is  usually  tearing  of  the  ligaments 
to  some  extent,  and  in  the  case  of  some  joints  much  laceration  is 
necessary  before  dislocation  can  occur. 

If  restoration  does  not  occur  soon,  the  bone  acquires  adhesions 
in  its  abnormal  situation,  the  adhesions  being  the  result  of  chronic 
inflammation  set  up  by  the  irritation  of  the  bone.  The  displaced  bone 
generally  comes  to  press  with  its  head  against  a  neighbouring  part  of 
the  bone  with  which  it  formerly  articulated,  and  the  adhesions  attach 
it  to  the  periosteum  in  its  new  position.  Friction  by  degrees  wears 
down  to  some  extent  the  opposed  piece  of  bone,  and  as  new  bone  is 
produced  around  by  the  irritation  there  may  be  a  kind  of  hollow  joint 
formed.  By  the  wearing  of  the  bone  the  cancellated  tissue  would  be 
exposed,  were  it  not  that  dense  bone  is  produced  on  the  surface  so  as 
to  cover  in  the  spongy  tissue.  A  smooth  hollow  surface  may  thus  be 
produced,  and  even  a  tolerably  perfect  joint,  although  cartilage  is  not 
formed  to  cover  it,  but  only  a  layer  of  smooth  polished  bone.  The 
bead  of  the  displaced  bone  also  loses  its  cartilage,  and  may  even  become 
considerably  worn  away.  If  the  bone  remains  permanently  displaced 
the  old  hollow  of  the  joint  becomes  filled  up,  bone  growing  when  the 
friction  of  the  opposing  bone  is  no  longer  exercised. 

5  Spontaneous  dislocations.— This  name  is  applied  to  dislocations 
■which  occur  without  any  considerable  violence.  They  usually  imp  y 
a  previously  diseased  state  of  the  joints.  The  disease  is  generally 
inflammation  or  tuberculosis,  both  of  which  soften  the  ligaments  and 
alter  the  form  of  the  joints. 
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Literature.-ADAMS,  On  Club-foot,  1866;  Eschricht,  Deutsch.  Klinik,  I80I ; 
MiCHADD,  Arch.  d.  phys.,  iii.,  1870;  Holl,  Langenbeck's  Arch.,  xxv.,  1880; 
Symington  (Flat-foot),  Jour,  of  Anat.  and  Phys.,  1884-85  ;  Kennedy  (Flat-foot), 
Glasg.  Med.  Jour.,  xlii.,  1894. 

II.— ANCHYLOSIS. 

By  this  name  is  meant  fixation  of  a  joint  by  union  of  the  opposing 
bones  by  means  of  firm  adhesions.  The  expression  "  false  anchylosis  " 
is  sometimes  used  to  designate  the  condition  in  which  the  joint  is  fixed, 
not  by  adhesion  between  the  bones,  but  by  rigidity  and  shortening  of 
the  surrounding  soft  parts. 


ot^lfo  bones*^'*'*'^""'*  anchylosis  of  the  knee-joint.    There  is  well-marked  rarefaction 


For  the  most  part  anchylosis  is  the  result  of  inflammations  of  joints, 
where  the  cartilage  has  been  destroyed  and  healing  has  subsequently 
occurred.  In  the  process  of  healing  the  inflammatory  tissue  on  the 
opposing  surfaces  develops  into  connective  tissue,  and  as  the  two 
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surfaces  have  to  a  considerable  extent  coalesced,  fil)rous  tissue  unites 
them  permanently.  In  this  fibrous  bond  of  union  there  are  often  bony 
plates,  and  occasionally  the  union  is  effected  by  bone  itself  (see  Fig. 
436).  In  the  latter  case  the  term  SynostOBis  is  applied.  This, 
however,  is  an  unusual  occurrence,  as  even  slight  movement  of 
the  joint  is  sufficient  to  prevent  the  formation  of  bone.  It  takes 
place  chiefly  in  joints  Avhich  have  little  movement  naturally,  such  as 
the  sacro-iliac  synchondrosis.  The  fixation  of  the  joint,  however,  is 
often  so  firm  as  to  resemble  an  actual  coalescence  of  the  bones. 

The  term  Spondylitis  deformans  is  given  to  a  condition  in  which 
the  A^ertebrse  are  anchylosed  together.  There  is  synostosis  of  the  arches 
and  articular  processes,  while  the  heads  of  the  ribs  are  anchylosed  to 
the  spine.  The  condition  is  a  gradually  advancing  one,  and  the  back 
becomes  rigid. 

III.— INFLAMMATION  OF  JOINTS— AETHRITIS. 

In  most  cases  of  arthritis  the  inflammation  affects,  more  or  less,  all 
the  structures  which  enter  into  the  construction  of  the  joint.  The 
irritant  is  usually  present  in  the  joint  itself,  and  is  distributed  over 
it,  by  the  synovial  fluid,  during  the  movement  of  the  joint.  We  may 
expect,  therefore,  that  the  synovial  membrane  and  the  cartilage,  as 
they  cover  the  surface,  will  in  most  cases  be  primarily  afi"ected.  The 
cartilage,  being  non-vascular,  is  less  liable  to  inflammatory  changes 
than  the  synovial  membrane,  which  in  most  cases  is  primarily  and 
chiefly  involved,  especially  in  acute  inflammations.  But  in  chronic 
cases  the  irritation  extends  beyond  these  structures  to  the  ends  of  the 
bones,  to  the  neighbouring  periosteum,  and  even  to  the  ligaments. 

1.  Simple  arthritis.— This  condition  is  produced  most  directly  by 
the  opening  of  joints  and  the  occurrence  of  septic  decomposition  in 
their  fluids.  But  it  also  occurs  sometimes  by  exposure  to  cold,  from 
injuries,  and  from  the  extension  of  phlegmonous  inflammations  from 
surrounding  parts. 

In  its  anatomical  details,  the  inflammation  resembles  closely  that  of 
the  pleura  and  pericardium.  The  synovial  membrane  and  cartilages 
are  covered  with  fibrinous  exudation,  and  the  cavity  contains  serous 
fluid  in  which  flakes  of  fibrine  are  visible.  This  fluid  is  sometimes 
very  considerable  and  distends  the  joint.  In  this  stage  the  disease 
may  resolve  and  the  joint  return  to  its  normal  condition.  On  the 
other  hand,  especially  if  the  joint  has  been  laid  open  and  exposed  to 
decomposition,  the  inflammation  may  go  on  to  suppuration.  Ihe 
synovial  membrane  becomes  swollen  and  dull,  being  infiltrated  with 
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inflammatory  cells,  and  gradually  converted  into  granulation  tissvie. 
But  if  the  inflammation  is  very  acute,  we  may  have  suppuration  by  the 
mere  exudation  of  leucocytes  without  much  change  in  the  synovial 
membrane.     When  the  disease  -has  gone  on  to  the  formation  of 
granulation  tissue  it  is  now  in  a  subacute  condition  whic'h  is  apt  to 
be  prolonged.     The  inflammation  also  extends  beyond  the  synovial 
membrane.    In  the  cartilage  the  cells  undergo  active  proliferation,  and 
the  matrix  breaks  down ;   thus  softening  occurs,  and  ulcers  form. 
There  is  inflammation  of  the  bone,— a 'rarefying  ostitis.     The  liga- 
ments also  take  jjart  in  the  inflammation  ;  they  are  softened  and, 
with  the  synovial  membrane,  take  part  in  the  formation  of  granulation 
tissue.    The  periosteum  is  inflamed  and  new  bone  is  formed,  so  that 
irregular  projections  occur  near  the  ends  of  the  bones.     With  all 
this  there  is,  of  course,  usually  an  abundant  purulent  discharge  from 
the  joint,  which  may  weaken  the  patient  and  prove  fatal,  perhaps 
with  amyloid  disease. 

If  the  inflammation  subsides,  the  various  masses  of  granulation  tissue 
develop  into  connective  tissue,  and  by  the  contraction  of  this,  great 
rigidity  of  the  joint  may  be  produced.  The  granulation  tissue  lining 
the  joint  also  to  a  great  extent  coalesces,  and  the  result  is  a  partial  or 
complete  obliteration  of  the  joint.  The  bones  thus  become  finally 
united  by  fibrous  or  osseous  adhesions,  and  a  permanent  anchylosis  is 
the  result. 

2.  Pysemic  arthritis.— In  this  disease  septic  microbes  are  deposited 
in  the  joint  and  spread  over  the  surface  by  the  synovial  fluid.  The 
result  is  an  acute  inflammation  with  fibrinous  exudation,  but  generally 
going  on  rapidly  to  suppuration.  It  is  remarkable  that,  when  the  joint 
IS  full  of  pus,  there  is  sometimes  very  little  structural  change  in  the 
synovial  membrane,  the  whole  condition  being  almost  confined  to  the 
blood-vessels  from  which  an  excessive  exudation  has  occurred  The 
mflammation  usually  aff-ects  several  joints  simultaneously. 

It  IS  to  be  added  that  occasionally  in  Dysentery,  Diphtheria,  Scarlet 
lever.  Erysipelas,  etc.,  a  similar  acute  arthritis  occurs.  In  these  dis- 
eases there  is  a  breach  of  a  cutaneous  or  mucous  surface  and  septic  or 
other  microbes  may  find  entrance.    The  affection  of  the  joints  is  thus 

'ZlT  1      'i' Ulcerative  endocarditis,  which  sometimes  com- 
plicates  these  affections. 

ooLfhrfTi'"'''"'''--^"  ''''''  ''''''''''  ''^''"^'^  develops  in 
some     Th.    /  diseases  is  disputed  by 

rhritis  or  ^''"'"y  ^"SK  like  that  in  acute  rheumatic 

like  Z  n  py'L'ia  "  "^""^  '""^^^^^^ 


lu 
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4.  Acute  rheumatic  arthritis. — Like  pyfemic  arthritis  this  is  due  to 
an  irritant  Avhich  is  present  primarily  in  the  blood  and  affects  the 
structures  of  the  joints  like  other  connective  tissue  structures.  The 
result  is  an  acute  inflammation  accompanied  by  serous  and  sometimes 
by  fibrinous  exudation  into  the  joint.  The  synovial  membrane  is 
injected  and  swollen,  but  in  most  cases  the  inflammation  passes  off 
without  leaving  any  permanent  change. 

In  exceptional  cases  the  inflammation  lingers  in  one  or  more  joints, 
just  as  it  does  in  the  heart  when  the  valvular  structures  are  affected 
by  the  same  rheumatic  poison.  In  that  case  the  chronic  inflammation 
produces  thickening  and  rigidity  of  the  ligaments,  sometimes  with 
fibrous  union  of  the  bones. 

5  Gouty  arthritis.— In  this  disease  uric  acid,  in  the  form  of  a  urate 
of  sodium,  is  deposited  in  the  tissues  of  the  joints.   It  is  first  deposited 

in  the  cartilage,  and,  according  to  Charcot, 
always,  to  begin  with,  at  the  middle  of 
the  articulating  surface,  that  being  the 
point  furthest  removed  from  the  blood- 
vessels. The  urate  is  sometimes  in  the 
form  of  stellate  crystals  (Fig.  437),  the 
cartilage  cells  forming  the  middle  points 
of  the  bunches  of  crystals.  But  the  salt 
is  also  deposited  in  the  matrix  and  often 
in  the  form  of  irregular  needles.  It  is 
also  frequently  deposited  in  the  synovial 
membrane,  and  in  the  bones,  ligaments, 
and  soft  parts  around  the  joints.  Some- 
times the  salts  are  deposited  even  under 
the  skin,  forming  visible  projections  (the 
so-called  tophi  or  chalkstones). 

According  to  Moore  the  deposition  of 
urates  is  always  preceded  by  degenerative 

cnange.  .u  ...   This  author  also  associates  gout  very 

intimately  with  chronic  interstitial  nephritis,  pulmonary  emphysema, 
and  chronic  inflammation  of  the  aortic  valves. 

The  deposition  seems  to  lead  to  an  acute  irritation  of  the  structures 
of  the  joint,  chiefly  an  intense  hyperemia,  often  with  serous  exudation 
It  never  goes  on  to  suppuration,  however.  Complete  recovery  usuany 
takes  place,  but  sometimes  there  remains  a  chronic  inflammation,  leadin, 
to  stiffness  and  deformity  of  the  joint.  mnnv 
6  Chronic  rheumatic  arthritis.-As  a  rule  this  disease  affects  many 
joints.    The  condition  is  sometimes  designated  Rheumatic  gout.  As 


Fig.  437.— Cartilage  o£  joint  in  gout, 
with  crystals  of  urate  of  sodium.  The 
salt  is  in  steUate  crystals  which  are 
nearly  continuous  at  upper  part  of 
figin-e  which  corresponds  to  surface 
of  joint.    x200.    (COBNIL  and  Ran- 

VIBR.) 

changes  in  the  cartilage. 
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the  changes  are  virtually  the  same  as  in  Arthritis  deformans,  and  the 
two  conditions  run  into  one  another,  we  may  describe  them  together. 
In  arthritis  deformans  the  disease  is  partial,  being  confined  perhaps  to 
a  single  joint  (Fig.  438),  and  the  lesions  attain  a  much  greater  develop- 
ment than  in  general  articular  rheumatism.  It  is  also  much  more  a 
disease  of  old  peojDle,  and  is  met  with  chiefly  among  the  poor.  Accord- 
ing to  Lane  the  conditions  to  be  here  described  are  not  rheumatic  in 


Fig.  43S._Chroiiii;  rheumatic  arthritis  u£  the  elbow-joint. 

entoTr;'''  'V^'J''''^'  °f  ^"due  pressure  and  friction  on  the 

he  -ibes  the  frequency  of  their  occurrence 

cause  suglsted  marb  T'"     ^^^'^^^  '  P"^'^'^^ 

Within  ^     regarded  as  a  contributory  element. 

by   :ev:arrer:^^^^^  '""t'lT'  'TJr' 

isolated  and  c„lZ    i    ^T^''  ^^"^1™^""-  ^"d   Blaxall  have 
disease,  and  Chauflard  and  Ramond  have  found  a  diplo- 
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bacillus  in  the  lymphatic  glands  in  the  neighbourhood  of  the  di.seased 
joints. 

The  inHamniatoiy  phenomena  appear  first  in  the  synovial  membrane 
and  the  cartilages.  The  synovial  fringes  enlarge  by  a  slow  process  of 
inflammation,  and  the  villous  projections  increase  in  number  and  become 
more  prominent.  Not  uncommonly  pieces  of  cartilage  develop  in  the 
fringes,  originating  in  the  cartilage  cells  which  exist  normally  there, 
and  these  pieces  of  cartilage,  being  usually  pedunculated,  act  very  much 

like  free  bodies  in  the  joint. 
Portions   of  the  prominent 
outgrowths  may  become  actu- 
ally separated,  and  so  we  may 
have  loose  bodies  in  the  joints 
(Fig.    440).     This  cartilage 
also  sometimes  undergoes  ossi- 
fication in  whole  or  in  part. 
In  the  early  stages  there  is 
usually  an  effusion  of  fluid  into 
the  joint.    This  is  not  of  the 
character  of  the  exudation  of 
acute  inflammation  as  it  con- 
tains neither  fibrin  nor  pus, 
but  is  rather  of  a  dropsical 
nature.    It  may  be  of  such 
an  amount  as  to  warrant  the 
designation  hydrops  articuli, 
a  condition  which  may  last 
long. 

The  cartilage  cells  undergo 
proliferation  and  the  matrix 
presents  a  peculiar  fibrillation, 
so  that  the  cartilage  assumes 
a  soft  velvety  or  furry  con- 
dition, and  readily  undergoes 
destruction  from  the  friction 
of  the  opposing  surfaces.  This 
is  the  case  in  the  patella  in  Fig.  439.    It  is  stated  by  Rindfleisch  that 
^e  fibril"    of  the  matrix  undergo  mucous  degeneration,  and  that 
mucus  mav  be  found  in  the  synovial  fluid. 


FiK  4.30.-Lower  cud  of  femur  and  Patel  a  lu 
rhronic  rheumatic  arthritis.  lu  the  patella  tlve 
carUlaee  is  eroded  and  partly  replaced  by  au  enaiuel- 
?fko  surface  lu  the  femur  there  is  an  euamol-likc 
l  u  f.ice  reniac  uK  the  cartilage  (especially  ou  the 
ft  and  t"also  uew-formatiou  .-^^  boue,  gn.ug 
the  striking  "lipped"  appearance  sho^u. 
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These  two  features  are  shown  in  Figs.  439  and  440.  The  altered  car- 
tilage, which  has  a  furry  aspect,  being  worn  away,  the  cancellated  bone 
which  would  otherwise  be  exposed  becomes  covered  with  a  smooth, 
polished,  enamel-like  layer  which  takes  the  place  of  the  cartilage. 


^■^^'sot't'n^TttLt""^^^^^^^^^  '""^  knee-joint.    Observe  the 

eartiSiginous  boc^i   are'shXn^^^^^^^  "    tl^f  J^'"^-^-     Two  pedunculated 

The  lobular  body  ^^^^t^^^i::!^^!^^^,:^^ 

This  peculiar  porcelain-like  surface  is  localized  at  the  parts  which  grind 
agamst  each  other,  and  is  usually  found  on  the  opposing  bones  of  a 

tint??!  '^^"^"'^       new-formation  of  bone  some- 

times, as  ,n  Fig.  439,  takes  the  form  of  an  expansion  of  the  articular 
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surface,  the  a^jpearance  suggesting  the  impression  that  the  bone  had 
overflowed  outside  the  proper  surface.  The  articular  surfaces  may 
thus  have  a  ring  or  everted  lip  of  new  bone,  and  the  surface  of 
this  may  also  have  the  porcelain-like  character.  This  new-formation 
of  bone  at  the  edges  of  the  joint-surfaces  is,  according  to  Ranvier, 
largely  from  cartilage,  which  in  the  protected  position  at  the  edges 
undergoes  proliferation  and  leads  on  to  the  formation  of  bone.  There 
is  also  formation  of  bone  in  the  periosteum  and  even  in  the  ligaments, 
so  that  an  irregular  fringing  of  the  joint  with  long  projections  may 
occur. 

With  all  this  there  is  considerable  thickening  of  the  ligaments  by 
inflammatory  new-formation  of  connective  tissue,  and  often  fibi'ous 


Fig.  441.— Defomiity  of  liaucl  from  chronic  rhemiiatic  arthritis.    (Egbert  Adams.) 

union  between  opposing- parts  of  the  joints.  Indeed,  if  the  joints  are 
kept  at  rest,  there  may  be  a  complete  union  of  the  parts  around  the 
joints  opposite  each  other,  leading  to  anchylosis.  Without  anchylosis 
there' is  stiffness  of  the  joints,  and  movement  is  greatly  curtailed. 

The  process  of  grinding  down  of  the  bones  along  with  new-formation 
often  leads  to  great  alterations  in  form  of  the  articular  ends,  and  great 
deformity  in  the  parts  concerned,  as  is  shown  in  the  hand  in  Fig.  441, 
and  in  the  elbow  in  Fig.  438.  This  is  particularly  the  case  in  the  more 
extreme  and  localized  form  to  which  the  name  of  arthritis  deformans  is 
more  particularly  given.  . 

An  extreme  degree  of  arthritis  deformans  is  sometimes  seen  ni  the 
hip  joint,  where  it  receives  the  special  name  of  Morbus  coxae  senilis. 
Here  the  wearing,  down  of  the  head  of  the  bone  is  sometimes  very 
extreme,  so  that  ultimately  the  articulating  surface  may  he  between 
the  trochanters.    As  new-formation  of  bone  occurs  simultaneously  at 
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The  oriainal  articular  surface  is  worn 


the  borders  of  the  articular  surface,  a  kind  of  artificial  head  is  produced, 
and  the  appearance  is  presented  as  if  the  neck  were  atrophied  and  the 
head  displaced  as  in  Fig.  442.  In  like  manner  an  apparent  widening 
of  the  acetabulum  may  occur, 
away,  but  by  the  formation 
of  new  bone  under  the  perios- 
teum around,  a  wall  is  formed, 
giving  the  appearance  of  the 
borders  of  a  widened  aceta- 
bulum. 

Charcot's  disease.  —  This 
name  is  applied  to  conditions 
of  the  joints  arising  in  con- 
sequence of  diseases  of  the 
spinal  cord,  especially  loco- 
motor ataxia.  The  lesions 
consist  in  an  atrophy  of  the 
articular  ends  of  the  bones 


including 


the  cartilages. 


Fig-.  442. — Head  of  foraur  in  chronic  rheumatic 
arthritis — the  head  and  neck  worn  down  and  the 
appearance  of  a  new  head  i^roduced  bj-  new-forma- 
tion.   (Robert  Adams.) 


There  is  in  consequence  of 
the  exposure  of  the  bone,  a 
wearing  down  of  the  bones, 
without  the  new-formation 
such  as  appears  in  chronic 
rheumatic  arthritis.    (See  under  Locomotor  Ataxia.). 

UteratMie.— Rheumatic  Art/irilis—BonEUT  Adams,  Treatise  on  rheumatic  gout, 
etc.,  with  atlas,  1857  and  1873;  Lane,  Trans.  Path.  Soc,  xxxvii.,  1886;  Canton, 
ibid.,  iii.,  1851,  xii.,  1861;  Hutchinson,  ibid.,  xxiii.,  1872  ;  Wilks,  Guy's  Hosp. 
Eep.,  iv.,  1858;  Ziegler,  Virch.  Arch.,  Ixx.,  1877;  Weichselbaum,  ibid.,  Iv.,  1872  ; 
Chabcot,  Senile  and  chronic  dis..  New  Syd.  Soc,  1881 ;  Bannatyne,  Eheumatoid 
Arthritis,  2nd  edition  ;  Chauffard  and  Eamond,  Eev.  de  Med.,  xvi.,  1896.  .  Char- 
col's  Z)i«ea.se— Charcot,  Dis.  of  nerv.  syst.,  New  Syd.  Soc,  1881. 


IV.— SYPHILIS  AND  TUBERCULOSIS  OF  THE  JOINTS. 

Syphilis  does  not  frequently  attack  the  joints,  but  rheumatic  attacks 
m  syphilitic  persons  may  have  some  relation  to  the  specific  virus. 
According  to  Lancereaux,  there  may  be,  in  the  secondary  stage,  an 
inflammation  like  that  of  acute  or  subacute  rheumatic  arthritis,  and,  in 
the  tertiary  stage,  manifestations  like  those  of  chronic  arthritis 

Tubercular  arthritis.-This  disease  is  also  called  strumous  synovitis, 
getahnmis  degeneration  of  the  joint,  tumm-  albus,  fungous  caries,  etc.  The 
tubercle  bacillus  is  the  essential  factor  in  the  Causation  of  the  disease. 
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In  many  cases  it  reaches  the  joint  after  having  attacked  the  bone,  but 
the  proportion  of  cases  in  which  it  does  so  as  compared  with  those  in 
which  it  comes  directly  is  a  matter  of  doubt.  Tuberculosis  of  bone  will 
extend  to  the  joints  much  more  readily  in  the  case  of  some  bones  than 
others.  As  the  head  and  neck  of  the  femur  are  exposed  in  the  hip- 
joint  in  immediate  contact  with  the  synovial  membrane,  extension  very 
readily  occurs  here. 


I 


Fig.  443.— A  gi-oup  of  tubercles  with  giant-cells  from  a  case  of  tuberculosis  of  the 
synovial  membrane,    x  BO. 


The  disease  is  mostly  one  of  children,  a  fact  which  favours  the  view 
that  it  generally  takes  origin  in  the  bones.  It  is  chiefly  weakly  children 
who  are  attacked. 

The  disease  begins  usually  in  the  Synovial  membrane,  and  consists 
in  a  formation  of  tubercles  and  a  chronic  inflammation  with  great  pro- 
duction of  granulation  tissue.  The  soft,  pulpy  granulation  tissue  gives 
the  synovial  membrane  a  gelatinous  appearance,  from  which  one  of  the 
names  of  the  disease  is  taken.  There  is  also  a  slow  enlargement  of  the 
joint  from  the  increased  bulk  of  the  synovial  membrane.  The  pulpy 
gelatinous  tissue  often  presents  to  the  naked  eye  distinct  white  bodies, 
-the  miliary  tubercles-and  under  the  microscope  typical  tubercles 
are  visible,  as  shown  in  Fig.  443,  and  also  in  Fig.  66,  p.  193. 
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The  Ends  of  the  bones  constituting  the  joint  are  aftected  simul- 
taneously or  soon  after,  and  here  the  characters  presented  are  those  of 
tuberculosis  of  bone.  The  medullary  spaces  become  filled  with  granu- 
lation tissue  and  enlarged  by  destruction  of  the  bony  lamellfe.  In  this 
granulation  tissue  there  are  also  tubercles.  There  is  thus,  as  it  were, 
a  pad  of  granulations  under  the  articular  cai-tilage. 

The  cartilage  also  at  the  sides  is  partly  encroached  on  and  over- 
lapped by  the  altered  synovial  membrane  which  advances  over  it.  In 
this  way  it  is  partly  enclosed  between  two  layers  of  granulation  tissue, 
and  it  gradually  becomes  eaten  into.  The  granulations,  chiefly  those  of 
the  medulla,  extend  into  the  cartilage,  and  their  encroachment  is 
assisted  by  proliferation  of  the  cartilage  corpuscles,  which  enlarge  and 
cause  softening  of  the  matrix  around. 

By  the  absorption  of  the  cartilage  the  whole  joint  ma}'  be  converted 
into  a  cavity  lined  with  granula- 
tion tissue,  and  the  ligaments 
also  are  frequently  transformed 
in  a  similar  way. 

Generally  suppuration  results, 
and  the  joint  becomes  filled  with 
a  fluid  which  contains  debris  of 
tissue  and  pus  corpuscles.  Ab- 
scesses also  not  uncommonly  form 
around  the  joints.  Through 
time  the  fluid  contents  of  the 
joint  generally  find  their  way 
outwards,  and  are  dischai'ged  by 
an  aperture  in  the  skin.  A  fistu- 
lous canal  is  the  result,  forming 
a  communication  between  the 
cavity  of  the  joint  and  the  surface, 
and  this  canal  is  also  lined  with 
exuberant  granulations  which 
pout  out  at  the  opening  in  the 
skin.  Among  the  granulations 
here,  as  elsewhere,  tubercles  are 
found. 

The  rubbing  of  the  two  ends 

""^""^        ""^  '"'''''"^        granulations,  leads  to  an 
ulcera  ive  destruction  of  those  soft  structures.     The  inflammation 
ex  ends  more  deeply  m  the  bone  as  the  superficial  parts  are  ulcerated, 
so  we  have  progressive  caries.    For  some  distance  beneath  the 


Fig.  444.— Heads  of  ulna  aud  radius  from 
tuberculosis  of  elbow.  The  parts  are  in-eatlv 
deformed  by  caries  aud  by  the  new-formation 
of  bone  m  the  form  of  osteophytes. 
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surface  the  medullar}^  spaces  are  filled  with  granulations  and  the 
bony  trabeculfe  thinned.  It  will  be  understood  from  this  how  the 
disease  is  apt  to  recur  unless  the  whole  carious  portion  be  removed, 
for  tubercles  are  present  in  the  granulation  tissue  filling  the  medullary 
spaces,  and  unless  they  be  removed  a  fresh  extension  may  occur. 

In  the  neighbourhood  of  tuberculous  joints  there  is  commonly  a 
considerable  new-formation  of  bone  by  a  formative  ostitis  such  as  that 
referred  to  at  p.  633.  There  may  thus  be  produced  irregular  projections 
or  osteophytes  such  as  those  shown  in  Fig.  444. 

In  an  early  period  of  the  disease,  before  suppuration  has  occurred, 
there  may  be  recovery  ;  but  after  the  occurrence  of  suppuration,  there 
is  seldom  a  spontaneous  restoration,  which  at  best  is  a  slow  process. 
If  recovery  takes  place  the  granulating  surfaces  unite  more  or  less,  and 
the  joint  being  partly  or  completely  obliterated,  a  fibrous  union  may 
come  about,  leading,  it  may  be,  to  anchylosis. 

The  author  has  met  with  a  ease  in  which  an  early  and  pvire  tuberculosis  of  the 
synovial  membrane  presented  pecuHar  characters.  There  was  very  great  thicken- 
ing, so  that  the  synovial  membrane  was  converted  into  a  bulky  soft  grey  tissue 
which  overlapped  the  cartilages,  and  was  so  prominent  that  when  the  joint  was 
opened  for  the  purpose  of  excision,  the  idea  of  a  tumour  was  suggested.  In  this 
case  there  were  large  numbers  of  the  most  typical  tubercles,  many  consisting 
almost  entirely  of  giant-cells  and  epithelioid  cells. 

Literature.— Lancebeaux,  Traite  de  la  syph.,  1874  ;  Konig,  Tubereulose  der 
Knochen  und  Gelenke,  1884;  Choft,  Path.  Trans.,  xxxii.,  1881;  Watson  Cheyne, 
Biit.  Med.  Jour.,  Nov.  and  Dec,  1890. 


V.-LOOSE  BODIES  IN  JOINTS. 

These  occur  most  frequently  in  the  knee  joints,  but  also  in  the  hip, 
shoulder,  maxillary,  and  other  joints.  They  consist  generally  of  more 
or  less  rounded  pieces  of  tissue,  and  we  may  have  fibrous  tissue,  bone, 
cartilage,  and  adipose  tissue  entering  into  their  composition.  They 
are  nourished  by  the  juices  of  the  joint  and  may  even  grow  in  then- 
detached  position. 

The  loose  bodies  have  various  origins,  but  usually  arise  by  separation 
of  pieces  of  tissue  which  may  either  be  parts  of  the  normal  cartilage 
or  bone  broken  off  by  violence,  or  else  parts  of  abnormally  prominent 
structures  which  have  in  the  movements  of  the  joints  been  torn  off- 
Thus  the  synovial  fringes  may  enlarge  by  excessive  growth  of  adipose 
tissue  or  even  of  cartilage  in  them,  or  by  inflammatory  new-formation. 
Again,  in  chronic  rheumatic  arthritis,  the  prominent  bony  excrescences 
ure  liable  to  be  broken  off. 


SECTION  IV. 


DISEASES  OF  THE  NERVOUS  SYSTEM. 


Introduction. — The  plan  of  the  nervous  sj'stem  in  general. 

A.  — The  Periplieral  Nerves.    Anatomical  introduction.    1.  Efl'ects  of  injury  and 

division  of  nerve  stems.  2.  Neuritis:  (1)  Multiple  neuritis — (a)  from  lead; 
[b)  from  arsenic  ;  (c)  from  alcohol  ;  {d)  in  acute  specific  fevers,  etc.  (2)  Local 
neuritis  (a)  by  continuity  ;  (/))  leprous  ;  (c)  syphilitic.    3.  Tumours. 

B.  — The  Spinal  Cord  and  Medulla.    Anatomical  introduction.     I.  Secondary 

Degenerations. — Cau.sation  ;  chai'acter  of  lesions,  grey  degeneration,  sclerosis. 
Forms— 1.  Descending  grey  degeneration.  2.  Ascending  grey  degeneration. 
3.  Degeneration  after  amputations.  II.  Inflammations.  A.  Transverse 
Myelitis.  1.  Acute;  acute  softening.  2.  Chronic;  chronic  compression. 
3.  Divers' paralysis.  5.  Systematic  Myelitis.  General  causation.  1.  Sclerosis 
of  posterior  columns;  nature  of  changes  and  relation  to  function.  Hereditary 
ataxia.  2.  Spontaneous  or  primary  lateral  sclerosis.  3.  Postero-lateral 
sclerosis.  4.  Acute  ascending  paralysis.  5.  Poliomyelitis  anterior  acuta. 
6.  rolioniyelitis  anterior  subacuta.  7.  Poliomyelitis  anterior  chronica  or 
progressive  muscular  atrophy.  8.  Bulbar  paralysis.  9.  Pseudo-bulbar 
paralysis.    10.  Pseudo-hypertrophic  paralysis.  III.  Tumours. 


INTRODUCTION. -PLAN  OF  THE  NERVOUS  SYSTEM. 
J^ECENT  observations  regarding  the  connections  and  relations  of 
nerve  cells  and  nerve  fibres,  with  which  the  names  of  Ehrlich, 
Golgi,  Ramon  y  Cajal,  and  Retzius  are  chiefly  connected,  are  interest- 
ing and  important.  Nerve  cells  possess  two  kinds  of  processes,  the 
protoplasmic  processes  or  dendrites,  and  the  axis  cylinders  or  axons 
(neuraxons).  Each  process  ends  by  arborescent  branches.  When 
nerve  cells  communicate  with  nerve  cells  it  is  not  by  direct  communi- 
cation of  their  processes,  but  the  arborescent  endings  articulate  with 
other  arborescent  endings,  or  else  form  a  reticulum  around  the  cells 
themselves  and  so  influence  them.  This  mode  of  connection  is  called 
by  oster  a  synapsis  {crvv  and  a^ro^  =  I  clasp).  Each  cell  with  its  pro- 
cesses down  to  their  final  arborescences  is  independent  and  constitutes 
a  unit  of  nerve  tissue  (the  neurone  of  Waldeyer).  Nerve  cells  may,  in 
tms  way,  by  means  of  their  processes  articulating  with  the  processes  of 
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Other  cells,  be  brought  into  relation  with  many  other  cells.  The 
arborescent  expansions  are  thus  the  recipient  parts  of  the  nervous 
system.  The  grey  matter  of  this  system  contains  the  cell  processes 
with  their  ramifications  and  expansions,  and  the  white  matter  is  the 
prolongation  of  axis  cylinders,  which  again  are  processes  of  the  cells 
and  therefore  parts  of  the  cells. 

The  nutrition  of  nerve  cells  and  their  expansions  is,  like  that  of  other 
cells,  dominated  by  the  nucleus,  and  when  a  process  is  cut  off  from  the 
nucleus  it  suffers  in  its  nutrition. 

The  simplest  idea  of  a  nervous  system  is  that  of  a  central  ganglion 
■with  afferent  or  centripetal  fibres  and  efferent  or  centrifugal  ones.  An 
approach  to  this  simplest  form  of  nervous  system  is  afforded  us  in  the 
case  of  the  heart.  We  have  here  in  the  substance  of  the  organ  certain 
ganglia,  which  possess  on  the  one  hand  centripetal  fibres  coming  chiefly 
from  the  endocardium,  and  on  the  other  hand  centrifugal  fibres  passing 
to  the  muscular  fibres  of  the  heart.  It  is  to  be  presumed  that  im- 
pressions conveyed  from  the  endocardium  induce  the  development  of 
impulses  which  are  conveyed  by  the  centrifugal  fibres  to  the  muscle 
and  bring  about  its  contraction. 

But  these  intrinsic  ganglia  of  the  heart,  although  forming  with  their 
connections  a  complete  nervous  system,  are  not  entirely  isolated  and 
independent.  They  are  under  the  command  of  higher  centres  which 
control  their  action  and  through  them  aflfect  the  contractions  of  the 
heart.  From  these  higher  centres  fibres  reach  the  heart  by  two  paths, 
by  the  vagus  and  by  the  sympathetic,  and  by  means  of  these  fibres  the 
action  of  the  intrinsic  ganglia  is  restrained  or  stimulated. 

Taking  a  general  survey  of  the  nervous  system,  we  find  that,  among 
the  innumerable  centres,  there  are  grades  or  orders  to  be  recognized, 
the  lower  or  simpler  being  under  the  control  of  the  higher  and  more 
complex.  Leaving  aside  the  peripheral  centres  and  the  sympathetic 
system,  we  may  fitly  illustrate  this  in  the  case  of  the  cerebro-spinal 
axis. 

In  the  Spinal  cord  there  are,  chiefly  in  the  anterior  cornua,  groups 
of  ganglion  cells  which  form  distinct  individual  centres.  Many  of  these 
appear  to  be  of  the  simplest  kind,  representing,  as  it  were,  single 
muscles  or  limited  groups  of  muscles.  The  stimulation  of  such  simple 
centres  would  produce  no  properly  co-ordinated  movements,  but  simply 
the  contraction  of  a  muscle  or  muscles.  But  in  the  cord  itself  there 
arc  centres  of  a  higher  order  than  this,  representing,  not  single  muscles 
or  very  limited  groups,  but  more  considerable  groups  of  associated 
muscles,  so  that  movements  of  some  complexity  are  brought  about  by 
their  stimulation.    The  centres  of  lower  order  are  under  the  control  of 
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the  higher,  and  it  is  to  be  presumed  that  the  higher,  in  bringing  about 
movements  do  not  act  direct!}^  on  the  muscles,  but  stimulate  in  the 
first  instance  the  lower  centres,  which  then  act  directly  on  the  muscles. 
Even  the  higher  centres  in  the  cord  are,  as  compared  M'ith  those  in  the 
brain,  of  a  very  low  order,  and  are  only  capable  of  effecting  such  simple 
actions  as  the  extension  of  the  toes,  the  drawing  up  of  the  leg,  etc. 

The  Medulla  oblongata  may  be  regarded  as  simply  an  extension 
upwards  of  the  spinal  cord.  Its  centres  are  scarcely  of  a  higher  order 
than  those  of  the  cord,  and  the  movements  which  may  be  effected  by 
it  alone  are  of  the  simplest  character.  In  it  are  massed  the  great 
centres  which  have  the  control  of  the  respiratory  movements,  and  the 
contraction  and  dilatation  of  the  blood-vessels.  The  muscles  of  the 
tongue,  mouth,  pharynx,  etc.,  are  represented  here,  as  are  those  of  the 
arms,  legs,  and  trunk  in  the  spinal  cord. 

Passing  to  the  centres  next  in  order  above  the  cord  and  medulla 
oblongata  we  reach  the  so-called  Middle  brain,  including  the  centres  in 
the  pons  varolii,  the  corpora  quadrigemina,  and,  as  perhaps  of  a  still 
higher  order,  the  cerebellum.  M&ny  animals  can  go  through  very 
elaborate  movements  when  deprived  of  all  parts  above  this  middle 
brain.  A  pigeon  can  fly,  a  frog  can  leap,  and  a  rabbit  can  run.  There 
is,  however,  a  want  of  spontaneity  in  the  movements,  which  present 
many  of  the  characters  of  complex  reflex  or  automatic  actions.  A 
rabbit  will  remain  quiet  till  its  foot  is  pinched,  and  will  then  set  about 
rimning.  The  movements  effected  by  means  of  the  middle  brain  require 
the  action  of  the  same  muscles  as  those  in  which  the  spinal  cord  alone 
is  concerned,  but  the  combinations  are  more  complex  and  the  grouping 
of  the  muscles  more  intricate.  In  effecting  these  more  complex  move- 
ments the  higher  centres  act  in  the  first  place  on  the  lower,  and,  through 
them,  on  the  muscles,  the  lower  centres  in  the  cord  being  thus  a 
necessary  link  in  the  chain. 

In  man  the  middle  brain  appears  to  be  much  less  independent  than 
in  the  lower  animals.  In  many  animals,  as  we  have  seen,  a  stimulus 
coming  from  the  periphery  may  induce  such  complex  acts  as  flying, 
leaping,  running,  but  it  is  not  so  in  man.  If  the  centres  for  such  acts 
are  situated  in  the  middle  brain  in  man  they  are  so  dependent  on  the 
higher  centres  that  when  their  connection  with  these  is  severed  they 
are  only  able  to  act  very  imperfectly.  A  certain  degree  of  independence 
is  shown  in  man  by  the  fact  that  when  a  person,  completely  paralyzed 
on  one  side  by  the  connection  being  divided  between  the  middle  and 
upper  brain,  yawns,  the  paralyzed  arm  will  often  move  in  an  exaggerated 
fashion  entirely  independently  of  the  will.  Yawning  is  an  exaggerated 
mspiration,  and  in  order  to  elevate  the  chest  the  arm  is  stretched 
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upwards  and  backwards  so  as  to  bring  the  pectoral  muscle  into  action 
on  the  chest  wall.  When  we  have  command  of  ourselves  we  can  control 
these  movements,  but  when  the  middle  brain  is  disconnected  the 
paralyzed  arm  may  act  in  an  exaggerated  fashion. 

The  Basal  ganglia  of  the  cerebrum  form  a  series  of  centres  of  a  very 
high  order.  When  such  animals  as  the  dog  and  cat  are  deprived  of  all 
centres  higher  than  the  corpus  striatum  they  are  capable  of  running 
about,  these  movements  being,  of  course,  automatic.  But  in  man,  and 
also  in  monkeys,  although  the  general  movements  of  the  body  may  be 
regarded  as  gathered  together  in  these  ganglia,  they  are  not  sufficient 
for  the  more  complex  acts  of  locomotion,  etc.  The  movements  of  the 
body,  although  represented  in  a  complex  form  in  these  ganglia,  are 
represented  higher  up  in  a  still  more  complex  form,  and  at  the  same 
time  the  lower  centres  are  less  independent  of  these  higher  ones. 

In  the  Convolutions  of  the  cerebral  hemispheres  we  have  the  highest 
order  of  centres  and  in  man  the  Motor  area  may  be  taken  to  form  the 
seat  of  all  the  centres  which  are  concerned  with  the  more  complex 
voluntary  acts.  In  the  motor  convolutions  we  have  the  movements  of 
the  body  as  it  were  written  larger,  occupying  much  more  space  than  in 
the  corpus  striatum,  and  more  individualized. 

In  regard  to  Sensation,  we  are  not  to  look  for  a  succession  of  centres 
such  as  we  have  in  the  case  of  motion.  There  are  peripheral  organs  of 
a  highly  specialized  character,  which  are  engaged  in  the  transmission  of 
the  various  special  kinds  of  sensation.  Between  these  and  the  highest 
centres  there  are  virtually  no  others  interposed,  the  intervening  struc- 
tures being  only  concerned  in  conduction,  perhaps  with  arrangements 
for  fortifying  the  impressions  as  they  are  conducted  through  greatly 
elongated  paths.  Besides  the  apparatus  engaged  in  sensation,  there  are 
afferent  fibres  which  are  related  to  reflex  actions,  and  probably  the 
same  fibres  to  some  extent  subserve  both  functions. 

In  studying  the  various  diseases  of  the  nervous  system  it  will  be 
necessary  to  carry  these  physiological  considerations  along  with  us,  and 
in  the  case  of  each  disease  it  will  be  needful  to  take  into  account  the 
.effect  which  it  will  have  on  the  physiological  action. 

Lesions  occurring  in  nervous  structures  produce  various  eft'ects.  They 
may  irritate  the  centres  either  directly  or  by  means  of  their  com- 
municating fibres.  If  a  Motor  centre  be  irritated  there  will  be  muscular 
movements,  such  as  spasms  and  convulsions.  If  a  Sensory  centre  be 
irritated  there  will  be  subjective  sensations  as  of  sight,  smell,  touch, 
hearing,  taste.  If  a  Mental  centre  be  irritated  there  will  be  sub- 
jective mental  phenomena,  that  is,  mental  phenomena  which  are 
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beyond  the  control  of  the  individual,  e.g.  peculiar  thoughts,  illusions, 
etc.  On  the  other  hand,  lesions  may  destroy  centres,  in  which  case  we 
shall  have  paralysis  of  motion  (akinesia),  or  loss  of  sensation  (anaes- 
thesia), or  mental  degeneracy. 

Lesions  which  are  large  and  palpable  are  often  called  Coarse  lesions, 
as  where  a  tumour  or  a  clot  destroys  or  irritates,  or  does  both.  Coarse 
lesions  are  thus  distinguished  from  those  finer  changes  which  are  matter 
for  microscopic  observation.  In  some  cases,  indeed,  the  existence  of 
actual  physical  changes  is  a  matter  of  inference,  the  anatomical  demon- 
stration of  them  being  not  yet  furnished. 

Literature. — An  excellent  exposition  of  the  construction  of  the  nervous  system  is 
given  in  Herbert  Spencer's  Principles  of  Psychology,  vol.  i.;  also  in  many  papers 
by  Hdghlings  Jackson,  whose  influence  in  advancing  the  pathology  of  the  nervous 
system  has  been  very  great.  A  systematic  study  of  the  physiology  of  the  nervous 
system  in  Febeibr's  excellent  work,  The  Functions  of  the  Brain,  2nd  ed.,  1886. 
See  also,  for  diseases  of  the  nervous  system,  Eoss,  A  Treatise  on  Diseases  of  Nervous 
System,  latest  ed.  (which  contains  numerous  references) ;  and  Gowers,  A  Manual 
of  Diseases  of  the  Nervous  System,  latest  edition. 


A. — The  Peripheral  Nerves. 

Anatomical  introduction. — A  nerve  stem,  whether  met  with  embedded  in  the 
tissues  of  an  organ  or  lying  free,  is  composed  of  one  or  more  bundles  of  nerve  fibres 
united  together  by  connective  tissue.  The  accompanying  figure  (Fig.  445)  shows 
the  general  arrangement  of  this  connective  tissue  in  a  stem  composed  of  a  single 
bundle  of  nerve  fibres.  There  is  an  external  layer  of  connective  tissue,  the  peri- 
neurium (a),  binding  the  whole  bundle  together.  But  inside  the  bundle  there  is 
connective  tissue  binding  the  individual  nerve  fibres  together  and  forming  the 
endoneurium  (6),  the  nuclei  of  which  are  prominently  seen  in  the  figure.  In  a 
nerve  stem  made  up  of  several  bundles  these  also  are  bound  together  by  connective 
tissue,  the  epineurium.  The  nerves  within  the  skull  and  the  nerve-roots  inside  the 
spinal  canal  are,  in  general,  less  furnished  with  connective  tissue  than  the  peri- 
pheral nerves,  and  in  particular  the  perineurium  is  less  consistent  and  continuous. 

The  nerve  fibres  of  such  peripheral  nerves  are,  for  the  most  part,  medullated,  and 
when  examined  in  the  fresh  state  they  present  an  opaque  appearance  and  a  double 
outline  as  in  Fig.  446  A.  When  examined  in  the  fresh  state  it  is  only  this  appear- 
ance that  is  visible,  but  by  proper  methods  of  preparation  the  constituent  structures 
of  the  fibre  can  be  shown  as  indicated  in  Fig.  446,  B  and  C,  and  in  Fig.  445.  These 
are  the  axis  cylinder  (3,  Fig.  446),  the  medullary  sheath  or  white  substance  of 
bchwann  (2),  and  the  primitive  sheath  (1).  The  axis  cylinder  is  the  conducting 
part  of  the  fibre,  and  runs  continuously  from  end  to  end.  The  medullary  sheath  is 
composed  of  a  fatty  substance  (myeline)  and  is  prone  to  undergo  a  kind  of  coagula- 
lon  which  gives  rise  to  the  double  contour.  This  substance  is  semi-fluid,  and  when 
ine  nerve  fibre  is  broken  up,  either  during  life  or  after  death,  it  is  apt  to  flow  out, 

(4  Fk  L'Jr  °^  "^y"^'""  ""^^"^         ^  '^^'^ely  refracting  outline 

cIv^JL  ^l'  P^mitive  sheath  is  a  transparent  membranous  tube  which 

the  fibre  and  keeps  the  medullary  sheath  together.   When  transverse  sections 
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of  a  nerve  which  has  been  hardened  and  stained  are  examined  these  various  con- 
stituents appear,  as  in  Fig.  445.  The  axis  cylinder  is  a  coloured  point  in  the  middle 
of  each  fibre.  The  medullary  sheath  around  this  is  transparent  and  colourless. 
The  primitive  sheath  forms  a  coloured  ring  around  the  fibre. 


Fia-  44j  —Transverse  section  of  a  nerve  consisting  of  a  single  bundle  ;  from  a 
specimen  stained  and  mounted  by  Clark's  method  a,  perineurium ;  b,  eudoneurnun 
Inside  the  perineurium  is  the  lymphatic  space  between  it  and  the  ner\  e  bundle  1  he 
nerve  fibres  are  represented  by  rings  mth  a  central  dot— the  axis  cylinder,    x  1-0. 

(Kl.ElN-.) 
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If  a  medullated  nerve  fibre  be  examined  after  preparation  with  osmic  acid,  it  will 
be  seen  that,  as  Eanvier  has  shown,  the  medullary  sheath  is  not  continuous,  but  is 
interrupted  at  intervals,  the  axis  cylinder  and  primitive  sheath  being  alone  present 
throughout.  These  nodes  divide  the  nerve  fibre  into  sections,  and  each  section 
receives  a  further  individuality  from  the  ffl,ct  that  about  its  middle  an  oval  nucleus 
is  present  inside  the  primitive  sheath,  between  it  and  the  medullary  sheath. 

Non-medullated  or  pale  nerves  have  no  medullary  sheath,  and  consist  essentially 
of  axis  cylinders  each  covered  with  a  primitive  sheath  in  which  nuclei  occur  at 
intervals.  As  the  white  appearance  of  ordinary  nerves  depends  on  the  medullary 
sheath,  non-medullated  nerves  are  grey  in  colour.  Most  nerves  at  their  peri- 
pheral terminations  lose  the  medullary  sheath  and  become  pale,  but  some  are 
so  throughout,  chiefly  the  olfactory  nerve  and  the  whole  nerves  of  the  sympathetic 
system. 


1.  Injury  and  division  of  nerve  stems. — When  a  mixed  nerve  is 
divided  motor  and  sensory  paralysis  occur  in  the  peripheral  parts 
dependent  on  it.  It  sometimes  happens  that  conduction  is  re-established 
within  a  few  days,  and  this  must  take  place  by  the  cut  ends  uniting  by 
immediate  union  or  by  the  first  intention.  Most  frequently,  however, 
the  restoration  of  function  is  tardy,  and  processes  occur  in  the  nerves 
which  have  been  carefully  studied  by  experimentation  on  animals.  The 
changes  which  ensue  on  the  division  of  a  nerve  occur  mainly  in  the 
peripheral  portion  of  it,  and  they  consist  in  the  first  place  in  a 
Degeneration  by  which  the  structure  is  largely  destroyed,  and  in  the 
second  place  in  a  Regeneration  by  which  it  is  restored.  The  degenera- 
tive process  is  often  called  Wallerian,  from  the  observer  who  first 
studied  it. 

The  Causation  of  this  peculiar  degenerative  process  is  connected  with 
the  nutritive  arrangements  of  the  nerves.  As  the  axis  cylinders  of  the 
nerves  are  but  the  prolongations  of  the  nerve  cells,  they  are  dependent 
on  the  nucleus  of  the  cell  for  their  nutrition.  Just  as  any  process  of  a 
cell  will  degenerate  when  cut  off  from  the  body  of  the  cell,  so  do  the 
nerve  fibres  degenerate  when  divided  from  the  nerve  cells.  The  sensory 
hbres  of  the  peripheral  nerves  are  prolongations  from  the  cells  of  the 
ganglia  of  the  posterior  roots,  whilst  the  motor  fibres  are  prolongations 
rom  the  cells  of  the  anterior  cornua,  and  hence  the  growth  or  degener- 
control    f  .  i"''  P^"'"      "PP"^^'^  i«  ""der  the- 

n  St  of  bn^h  T'  TT'  °'  '^^P'^^  «tems 

Xut  th  i  t  «f 

fferent     Tt  '^'^^  "^^^^^^  ^^^^  ^«  afferent  or 

"enerlte  n  a  .  T        ^"""'^  ^"^^  S^^S^i-'  ^^^e  fibres  de- 

Srt  Bt  1  ?  i"''""'      '^"^^^^       «Pi-l  The  small 

part  still  attached  to  the  ganglion  remains  intact.    On  the  other  hand, 
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if  an  anterior  root  be  divided,  the  proximal  portion  in  connection  with 
the  spinal  cord  remains  intact,  while  the  portion  distal  to  the  section 
degenerates. 

The  changes  about  to  be  described  have  been  studied  chiefly  by  ex- 
perimentation on  animals,  but  similar  conditions  have  been  observed  in 
man  after  division  of  nerves.  In  several  diseases  of  nerves  also,  such  as 
inflammation,  leprosy,  syphilis,  there  may  be  interruptions  of  the  nerve 
fibres  leading  to  lesions  similar  to  those  occurring  in  consequence  of 
division,  but  perhaps  mixed  up  with  other  phenomena. 

The  Degenerative  process  occurs  almost  simultaneously  in  the  whole 
peripheral  distribution  of  the  divided  nerve,  affecting  both  sensory  and 
motor  fibres.    The  most  obvious  change  is  in  the  medullary  sheath.  It 
coagulates,  breaks  up  into  drops,  and  in  time  disappears  by  absorp- 
tion.   This  disintegration  of  the  medullary  sheath  occiu:s  gradually, 
and  the  granular  fat  into  which  it  breaks  up  is  partly  taken  up  by  the 
nuclei  of  the  nerve  fibre,  but  partly  also  finds  its  way  out  of  the  primitive 
sheath,  and  is  found  in  the  surrounding  connective  tissue  and  the  walls 
of  the  capillaries.    There  is  some  difference  of  opinion  as  to  the  part 
taken  by  the  axis  cylinder  in  the  process.    Erb  asserts  that  it  persists 
after  the  medullary  sheath  has  been  destroyed,  but  Eanvier  states  that 
it  is  broken  up,  its  interruption  corresponding  with  the  abolition  of 
electric  conductivity  in  the  nerve.    Michael  Foster  gives  his  adherence 
to  the  same  view.    Whether  the  axis  cylinder  is  destroyed  or  not,  the 
nerve  fibre  undergoes  a  great  transformation  by  the  loss  of  its  medullary, 
sheath,  and  it  becomes  converted  into  a  pale  fibre,  interrupted  at  inter- 
vals by  the  nuclei  or  by  some  persisting  clumps  of  myeline. 

It  is  asserted  by  Eanvier  that  the  nuclei,  which  we  have  seen  to  exist  inside  the 
primitive  sheath  between  every  two  nodes,  take  an  active  part  m  this  process^ 
They  enlarge  and  divide,  and,  by  impinging  on  the  meduUary  sheath  help  to  break 
it  up  It  is  by  them  also,  according  to  this  author,  that  the  axis  cylindei  is  inte  - 
runted  The  enlargement  and  division  of  the  nuclei  is  somewhat  similar  to  that 
whth  occurs  in  muscle  in  certain  lesions  to  be  considered  afterwards,  and  it  is 
regarded  as  inflammatory  in  its  nature. 

At  the  place  of  division  of  the  nerve,  as  there  is  a  wound,  there  are 
signs  of  inflammation.    Leucocytes  collect  between  and  around  the  cu 
ends  of  the  nerve,  and  even  penetrate  into  the  primitive  sheath  foi 
some  distance.    These  leucocytes,  which  ^^1' it'un' 

the  section,  attack  the  medullary  sheath,  and  assist 
the  myeline  is  taken  up  by  the  leucocytes  so  as  to  give  tl^m  the  appe^u 
.nee  ofcompound  granular  corpuscles.   In  the  central 
nerve,  however,  the  destruction  of  the  medullary  sheath  is  hnuted,  as 
th  invasion  of  leucocytes  generally  stops  short  at  the  first  node. 
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After  a  time  the  inflammation  subsides  largely,  and  the  wound,  in- 
oluding  skin  and  soft  parts,  is  united  by  a  cicatrix  formed  in  the  usual 
way.  The  divided  ends  of  the  nerves  are  united  by  a  pale  cicatricial 
laand,  which  does  not  as  yet  contg,in  any  proper  nervous  elements,  and 
•does  not  effect  a  restoration  of  tlie  conductivity. 

Conduction  is  restored  by  a  process  of  Regeneration.  According  to 
the  researches  of  Ranvier,  this  occurs  entirely  by  the  axis  cylinders  of 
the  central  end  budding  out  and  extending  first  into  the  cicatrix  and 
then  into  the  peripheral  end.  The  axis  cylinder  enlarges  at  its  ex- 
tremity and  becomes  divided  longitudinally  into  several  fine  fibres, 
which  grow  out  into  the  cicatrix.  Arrived  at  the  cut  end  of  the  peri- 
pheral portion  they  penetrate  into  it,  and  very  frequently  pass  into  a 
primitive  sheath.  In  this  way  a  number  of  new-formed  axis  cylinders 
may  be  found  inside  an  old  nerve-tube,  and  there  may  be  alongside  of 
them  some  pieces  of  persisting  myeline.  These  new  axis  cylinders  after 
a  time  require  medullary  sheaths,  and  the  regeneration  of  the  nerve  is 
completed.  According  to  Remak  and  others,  the  new  fibres  are  not 
formed  entirely  by  budding  from  the  central  end,  but  arise  also  from 
the  remaining  axis  cylinders  of  the  peripheral  end.  Balance's  experi- 
ments support  the  view  that  peripheral  regeneration  also  occurs.  On 
the  other  hand  Langley  more  recently  has  shown  that  provided  all 
branch  nerves  are  cut  peripheral  regeneration  does  not  occur. 

Along  with  the  nerves  the  Muscles  suffer,  undergoing  marked 
wasting.  The  muscular  cylinders  diminish  in  diameter,  the  transverse 
■striation  becomes  less  distinct  and  the  fibres  become  gi-anular.  If 
regeneration  does  not  occur  the  muscular  fibres  lose  their  transverse 
•striae  entirely,  become  much  narrower,  and  may  even  present  hyaline 
degeneration  (see  under  Coagulation-Necrosis).  The  atrophy  of  the 
muscular  fibres  is  often  accompanied  by  an  interstitial  inflammation 
resulting  in  a  new-formation  of  connective  tissue  between  the  muscular 
fibres,  a  kind  of  cirrhosis,  leading,  in  cases  where  the  conduction  of 
the  nerve  is  not  restored,  to  considerable  shortening  of  the  muscle  and 
■deformity.  If  regeneration  of  the  nerve  occurs  then  the  muscle  is 
restored,  but  there  is  frequently  some  permanent  damage.  The  mus- 
•cular  fibres  remain  partly  of  smaller  diameter  and  there  may  be  some 
permanent  mterstitial  overgrowth  of  connective  tissue. 

There  are  also  Trophic  changes  frequently  manifested  in  the  skin 
and  other  structures,  such  as  will  fall  to  be  described  later  on  as  Tropho- 
neuroses   They  consist  of  atrophy  of  the  skin,  oedema,  and  occasionally 

motor".    '  rt''"''  ^'''''^''^       "gl^^^y  («^«  ^-der  Loco 

motor  ataxia).     There  may  also  be  affections  of  joints  (see  under 
■Charcot's  disease,  p.  679). 
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Raynaud's  disease,  to  which  reference  has  already  been  made 
(see  also  under  Diseases  of  the  skin),  is  included  by  many  among  the 
trophoneuroses.  Erythromelalgia,  a  probably  allied  disease  or  com- 
bination of  symptoms,  is  usually  placed  in  the  same  category.  It  is 
characterized  by  burning  pain  and  redness,  particularly  of  the  extremities. 
Again,  Adiposis  dolorosa  (see  p.  290)  has  been  relegated  to  the  same 
class  of  affections.  This  is  a  chronic  progressive  disease  characterized 
by  irregular,  sometimes  symmetrical,  depositions  of  fat  in  various  parts 
of  the  trunk  and  extremities.  The  deposition,  is  preceded  by  or 
attended  with  pain  and  often  with  tenderness.  The  patients  are 
mostly  women,  and  the  alfection  is  often  associated  with  well-marked 
mental  symptoms. 

2.  Neuritis. — Inflammation  of  nerves  may  be  more  or  less  general 
or  it  may  be  circumscribed.  In  the  former  case  it  invariably  results 
from  the  presence  of  some  toxic  agent  in  the  blood :  in  the  latter  it 
may  arise  from  local  irritation  or  more  usually  from  extension  of  some 
neighbouring  inflammation.  When  the  causa  inorbi  is  in  the  blood  the 
lesion  is  usually  symmetrical— the  nerves  in  both  arms  or  legs  being 
aflfected~and  the  inflammation  appears  to  commence  in  the  fine  nerve 
fibrillse.  The  large  nerve  trunks  are  subsequently  affected  by  extension. 
On  account  of  the  number  of  nerves  affected  this  is  called  Multiple 
or  Toxic  or  Peripheral  Neuritis. 

A  local  inflammation  of  nerves  may  occur  anywhere  and  may  be 
limited  to  a  small  portion  of  one  nerve  in  any  part  of  its  course  or  it  may 
affect  several  nerves.  It  is  not  often  symmetrical  and  it  usually  affects, 
nerve  trunks,  involving  their  sheaths  first  rather  than  their  finer  fibrdlae. 

(1)  Multiple  or  Peripheral  Neuritis.— This,  as  we  have  seen,  arises, 
from  some  toxic  agent  circulating  in  the  blood.  It  may  be  a  pure 
chemical  product  such  as  a  compound  of  lead  or  arsenic,  alcohol,  nitro- 
benzene, carbon  disulphide,  carbon  monoxide,  etc.,  or  it  may  be  a  toxnx 
produced  by  a  microbe,  e.g.  the  bacillus  of  diphtheria,  or  typhoid  fever. 
The  parts  affected  are  not  identical  in  every  case.  The  legs  may  be 
more  afi"ected  than  the  arms  (arsenic,  alcohol),  or  the  arms  than  the 
legs  (lead),  or  the  neuritis  may  be  almost  general,  as  often  occurs  m 
diphtheria.  The  course  of  the  disease  also  varies  considerably.  In 
diphtheria  it  is  frequently  rapid ;  in  lead  poisoning  it  is  usually  slow. 
In  all,  however,  similar  lesions  are  found  in  the  affected  nerves.  These 
resemble  the  early  changes  described  as  resulting  from  the  separation 
of  a  nerve  from  its  trophic  centre  (Wallerian  degeneration),  but  as  all 
the  nerve  fibrillar  are  not  equally  susceptible  or  not  equally  acted  on 
by  the  toxic  agent  the  various  stages  or  phases  of  Wallerian  degenera- 
tion are  often  found  side  by  side. 
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Owing  to  tlie  stoppage  of  nerve  impulses  the  muscles  supplied  by  the 
affected  nerves  are  paralyzed.  As  a  result  of  this,  and  perhaps  also  as 
a  result  of  the  direct  action  of  the  toxin  on  the  muscle  cells  themselves, 
the  muscles  atrophy. 

With  the  disappearance  of  the  toxic  agent  from  the  blood  gradual 
recovery  usually  occurs,  but  the  exact  pathological  process  by  which 
this  results  is  unknown.  In  all  probability  it  is  similar  to  that  occur- 
ring after  VVallerian  degeneration  from  section  of  a  nerve. 

The  following  ai-e  the  most  common  forms  of  multiple  neuritis  : 

(a)  Neuritis  in  lead  poisoning.— In  lead  poisoning  the  agent  attacks 
particular  nerves,  and  it  affects  the  motor  fibres  much  more  than  the 
sensory.  The  commonest  seats  of  the  affection  are  the  nerves  of  the 
forearms  and  hands,  and  the  characteristic  symptom  is  "  drop-wrist." 
This  is  usually  bilateral,  but  may  be  more  marked  on  one  side  than  the 
other.  There  is  a  curious  omission  of  the  nerve  to  the  supinator  longus 
in  the  affection.  The  neuritis  is  not  limited  to  these  nerves,  but  may 
affect  the  nerves  of  the  larynx,  the  eye,  etc.  The  condition  of  the 
nerves  is  that  of  parenchymatous  neuritis,  with  wasting  of  the  muscles. 

{b)  Neuritis  in  arsenical  poisoning.— The  neuritis  resulting  from 
arsenic  has  received  considerable  attention  in  recent  years  owing  largely 
to  arsenical  contamination  of  beer.  The,  symptoms  differ  considerably 
from  those  of  lead  paralysis.  The  legs  are  mainly  affected,  and  there 
are  cutaneous  and  other  lesions  which  show  a  severer  intoxication  than 
that  resulting  from  lead.  Arsenical  paralysis  closely  simulates 
alcoholic  paralysis,  and  by  E.  Eeynolds  the  latter  is  believed  to  be  in 
reality  due  to  arsenic. 

(c)  Neuritis  in  alcoholic  poisoning.— This  has  been  regarded  as  the 
commonest  cause  of  peripheral  neuritis,  but  within  recent  times  some 
doubt  has  been  thrown  on  the  matter.  The  legs  are  usually  the  first 
to  be  affected,  and  almost  always  they  remain  the  parts  most  affected. 
The  hands,  however,  are  not  infrequently  influenced,  and  in  rare  cases 
nearly  the  whole  of  the  body. 

(d)  Neuritis  in  acute  specific  fevers.— The  acute  specific  fevers  are 
sometmies  followed  by  multiple  neuritis.  It  is  a  rare  result  in  typhoid 
and  typhus  fevers,  is  more  frequent  in  malaria,  but  is  especially 
common  as  a  result  of  diphtheria.  The  neuritis  seems  to  be  the  con- 
sequence of  the  action  of  the  poison  evolved  by  the  infective  agent  and 
not  of  the  latter  itself.  This  is  proved,  at  least  in  the  case  of  diphtheria, 
by  the  fact  that  the  toxin  obtained  from  cultures  is  capable  of  inducing 
the  paralysis  without  the  bacteria  being  present. 

annn^/n ^T^!"  ^"  ^'"'^^^i'  J^P^"  ^«  Kak-k6,  is 

apparently  a  multiple  neuritis,  due  to  a  specific  infection.   It  is  endemic  . 


694 


AFFECTIOJJS  OV  THE  PERIPHERAL  NERVES. 


in  certain  localities,  and  particular  forms  of  microbes  have  been  asserted 
by  some  authors  to  cause  it. 

The  poisons  of  tuberculosis,  syphilis,  and  cancer  may  also,  when 
present  in  the  blood,  give  rise  to  a  multiple  neuritis,  although  these 
diseases  are  more  usually  associated  with  localized  neuritis. 

The  condition  of  the  spinal  cord  in  cases  of  neuritis,  especially  in 
the  toxic  forms,  has  been  much  discussed,  and  there  are  records  by 
Dejerine  of  changes  in  the  cells  of  the  anterior  horns  in  cases  of  diph- 
theritic neuritis  examined  by  him.  A  like  condition  has  been  found  in 
cases  of  alcoholic  neuritis,  while  atrophy  of  these  cells  has  been  noted 
also  in  the  forms  depending  on  lead  intoxication.  More  recently  the 
question  has  been  again  considered  by  Marinesco  and  Lugaro,  with  the 
aid  of  Nissl's  method  of  staining,  and  both  have  found  changes  in  these 
cells  in  such  cases. 

(2)  Local  Neuritis. — This  is  due  to  an  agent  acting  locally.  It  may 
be  the  result  of  direct  injury  to  a  nerve,  as  by  the  broken  end  of  a 
bone.  Cold  is  also  an  occasional  cause,  as  in  the  sciatic  nerve.  In- 
flammations may  extend  by  contiguity  to  a  nerve  stem,  or  an  infective 
agent  may  fix  on  particular  nerves  and  produce  local  lesions.  Many 
of  these  forms  are  chronic,  and  these,  as  in  the  case  of  chronic  inflam- 
mations in  general,  are  characterized  by  new-formation  of  connective 
tissue.  The  inflammation  is  in  this  way  interstitial,  the  perineurium 
and  endoneurium  being  thickened.  There  is  consequent  atrophy  of 
the  nerve  fibres  with  the  results  in  the  nerves  themselves  and  in  the 
muscles  which  ensue  on  division  of  nerves.  Several  forms  merit  a 
special  description. 

(ft)  Neuritis  by  continuity.— Acute  suppurative  inflammations  do 
not  readily  extend  to  peripheral  nerve  stems.  A  nerve  may  be  bathed 
in  pus,  and  almost  isolated  by  the  suppuration  aroUnd,  but  there  may 
be  almost  no  infiltration  of  the  nerve  itself.  The  explanation  of  this  is 
that  the  perineurium  forms  a  barrier  between  the  lymph  spaces  of  the 
nerve  and  those  of  surrounding  parts.  If  a  nerve  in  a  living  ammal  be 
exposed,  and  the  wound  filled  with  water  in  which  vermilion  is  sus- 
pended 'then  the  leucocytes  which  accumulate  take  up  the  vermilion 
and  carry  it  in  various  directions,  but  not  into  the  nerve.  But  if  a 
nerve  in  a  suppurating  wound  be  itself  wounded  so  as  to  lay  open  its 
internal  structure,  then  suppuration  will  readily  extend  into  it 

An  exception  to  this  condition  is  afforded  by  the  nerves  before  then- 
exit  from  the  skull  or  spinal  canal.  These  are  much  less  protected  by 
an  external  sheath,  and  in  consequence  acute  inflammations,  such  as 
simple  and  tubercular  leptomeningitis,  readily  involve  the  substance  of 
those  nerves. 
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Chronic  inflammations  also  extend,  by  contiguity,  to  nerves.  Thus 
an  inflammation  of  a  joint,  or  a  dysenteric  inflammation  of  the  in- 
testine may  give  rise  to  a  neuritis.  It  is  most  frequent  as  a  result 
of  inflammation  of  the  pelvic  organs,— the  bladder,  uterus,  etc.  It 
is  important  to  observe  that  inflammations  originating  thus  may  extend 
up  the  nerves,  and  we  may  have  an  Ascending  neuritis  which  may 
extend  even  to  the  spinal  cord  and  its  membranes.  Probably  the 
irritant  having  obtained  entrance,  gradually  finds  its  way  along  the 
lymph-spaces  of  the  nerve,  which  we  have  seen  to  be  somewhat  inde- 
pendent of  those  around. 

(b)  Leprous  neuritis. — This  is  characterized  by  the  specific  leprous 
new-formation  which  occurs  in  the  nerve-stems,  as  already  described, 
the  condition  being  a  specific  interstitial  neuritis  with  atrophy  of 
the  nerve  fibres  and  consequent  sensory  and  motor  phenomena  (see 
pp.  208,  209). 

(c)  Syphilitic  Neuritis. — This  mostly  occurs  in  the  cranial  nerves, 
where  a  gumma  or  gummatous  inflammation  of  the  meninges  involves 
a  nerve  in  its  transit  from  the  brain  to  its  foramen. 

3.  Tumours  of  Nerves. — The  term  Neuroma  is  applied  to  almost 
all  forms  of  tumours  in  the  course  of  nerves,  and  as  the  majority  of 
these  do  not  consist  of  nervous  tissue,  they  are  to  be  regarded  as 
false  neuromata.  In  the  true  neuromata  there  is  new-formation  of 
nerve  fibres  which  form  a  considerable  portion  of  the  tissue  (see  Figs. 
134,  135,  p.  306).  The  false  neuromata  are  mostly  fibrous  tumours  of 
nerves,  and  there  are  two  forms  which  deserve  special  mention. 

Plexiform  neuroma  consists  of  a  series  of  thickened  cords  composed 
of  connective  tissue  in  the  midst  of  which  the  nerve  fibres  are  con- 
tained. The  connective  tissue  may,  to  a  considerable  extent,  take  the 
characters  of  mucous  tissue. 

Multiple  neuromata  are  really  fibrous-tissue  tumours,  and  as  such 
are  described  at  p.  305. 

Sarcoma  is  very  rare  in  nerves.  Cancers  do  not  occur  as  primary 
tumours,  but  nerves  are  often  involved  in  the  extension  of  such 
tumours  from  neighbouring  parts.  It  often  happens  that  a  cancer  or 
sarcoma  grows  around  a  nerve,  which  passes  through  its  midst  without 
becoming  the  seat  of  the  tumour  tissue.  This  is  again  to  be  associated 
with  the  apparent  independence  of  the  lymph  spaces  in  nerves.  Some- 
times, however,  a  cancer  breaks  into  a  nerve,  and  grows  in  the  lymph 
spaces  between  the  perineurium  and  the  bundle  of  fibres.  In  such 
cases  the  nerve  fibres  undergo  degeneration. 

Uterature.-EANviEB,  Lemons  sur  I'histologie  du  syst^me  nerveux,  1878;  Cornil 
et  KANviER,  Histol.  path.,  latest  edition;  Wolbkuo,  Deutsch.  Zeitschr.  f.  Chir., 
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xviii.  and  xix.,  1883  (with  literature);  Pitres  et  Vaxllabd,  Arch.  d.  Phys., 
v.,  1885;  Stkoebe  (Degeneration  and  Regeneration),  Ziegler's  Beitriige,  xiii.,  1893; 
Wbib  Mitchell,  Injuries  of  Nerves,  1872 ;  Weir  Mitchell,  Morehouse,  and  Keen, 
Gunshot  wounds  and  other  .injuries  of  nerves,  1881;  Leyden  (Ascending  neuritis), 
Volkmann's  Vortrage,  Syd.  Soc.  transl.,  1876  ;  Bowlby,  Injuries  and  Diseases  of 
Nerves,  1889  :  Kennedy  (Degeneration  and  Regeneration),  PhiL  Trans,  of  Roy.  Soc, 
voL  clxxxviii.,  p.  257,  1897,  and  (historical  with  literature)  Proceed.  Phil.  Soc.  of 
Glasgow,  1897-98.  Trophoneuroses — Weir  Mitchell  (Erythromelalgia),  Amer. 
Journ.  Med.  Sciences,  1878;  Barlow,  AUbutt's  Syst.  of  Med.,  vi.,  1899;  Dercu-m 
(Adiposis  dolorosa),  Twentieth  Cent.  Pract.  of  Med.,  xi.,  1897;  Hale  White,  Brit. 
Med.  Journ.,  ii.,  1899;  Allbdtt,  Syst  of  Med.,  vi.,  1899.  Multiple  iieurilifi—see 
full  account  by  Buzzard,  Harveian  Lectures,  in  Lancet,  1885,  vol.  ii.,  also  separate 
publication  ;  Drummond,  Peripheral  paralysis,  1888 ;  Finlay,  Trans.  Med.  Chir. 
Soc,  1887  ;  Ross,  Med.  Chronicle,  1890  ;  Ross  and  Bury,  On  Peripheral  neuritis, 
1893.    Tumours — see  literature  under  Neuroma,  pp.  329,  330. 


B. — The  Spinal  Cord  and  Medulla  Oblongata. 

Anatomical  Introduction. — The  cord  is  made  up  of  grey  substance,  forming  the 
ganglionic  centres  and  consisting  of  ganglion  cells  in  the  midst  of  a  fine  network. 


Fiff  447  —Sections  of  spinal  cord  from  middle  of  lumbar  and  cervical  enlargc- 
mente,  showing  gi-oups  of  ganglion  cells;  aJ  and  anterolateral  and  postoro- 
lateral,  a,  anterior,  i,  internal,  c,  central,  m,  median,  groups.  (Ross.) 

and  of  white  substance  consisting  of  medullated  nerve  fibres  having  essentially 
the  structure  of  those  in  the  peripheral  nerves. 

The  grey  substance  of  the  cord  is  arranged  in  the  well-known  form  of  an  anterior 
and  a  posterior  cornu  on  either  side,  with  a  commissure  across  the  middle  line. 
The  ganglionic  centres  have  their  seat  chiefly  in  the  anterior  cornua,  and  form 
tolerably  definite  groups  of  cells  whose  arrangement  may  be  followed  by  reference 
to  Fig.  447,  which  shows  sections  of  the  lumbar  and  cervical  enlargements  There 
are  the  lateral  groups  divided  into  antero-lateral  and  posterolateral  («/  and  /./),  the 
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aaterior  group  (a),  and  the  internal  group  (<).  Towards  the  centre  of  the  horn  is 
the  central  group  (c).  The  median  group  (m)  is  much  larger  in  the  cervical  than 
in  other  parts  of  the  cord,  and  so  causes  the  horn  to  be  extended  laterally  (see 
Fig.  447).  Lastly,  there  is  a  group  of  cells,  generally  called  Clarke's  vesicular 
•column,  situated  near  the  internal  bbrder  of  the  posterior  horns  close  to  the 
posterior  commissure.  The  group  is  present  only  in  the  lower  part  of  the  cervical 
■enlargement,  in  the  dorsal  region,  and  in  the  upper  part  of  the  lumbar  enlargement 
(see  vc,  Fig.  448). 

The  white  substance,  consisting  of  nerve  fibres,  forms  connections  in  the  first 
place  with  the  various  orders  of  centres  in  the  cord  itself,  and  in  the  second  place 
with  the  higher  centres  above  the  cord,  in 
the  brain.  We  may  thus  distinguish  two 
sets  of  nerve  fibres,  one  forming  con- 
nections within  the  cord  and  medulla  and 
the  other  forming  communications  between 
the  cord  and  the  cerebellum  and  cerebrum. 
These  two  sets  of  fibres  are  divisible  again 
into  afferent  and  efferent. 

It  is  a  fact  of  very  peculiar  interest,  that 
the  two  sets  of  fibres  distinguished  above 
seem  to  be  developed  not  only  separately 
but  at  different  periods,  and  so  the  aid  of 
embryology  has  been  sought  to  enable  us 
to  distinguish  between  them.  The  fibres 
which  connect  the  dili'erent  parts  of  the 
<iord  and  medulla  with  each  other  may  be 
regarded  as  the  Primary  or  Fundamental 
fibres,  and  it  is  found  that  they  are  the 
first  formed,  while  those  forming  higher 
connections  are  of  subsequent  development, 
and  may  be  named  Secondary  or  Accessory 
fibres.  As  nerve  fibres  are  first  developed 
without  the  medullary  sheath,  and  recently 
formed  tracts  are  therefore  much  paler  than  those  which  have  acquired  it,  we 
have  m  this  a  means  of  distinguishing  the  fundamental  from  the  secondary.  What 
follows  will  be  understood  by  reference  to  Fig.  449,  which  represents  a  transverse 
section  of  the  cervical  cord  in  the  fcetus  of  nine  months. 

The  first  developed  fibres  immediately  surround  the  grey  matter,  and  are  called 
the  Anterior  and  Posterior  root-zones,  the  latter  being  also  sometimes  called  the 
columns  of  Burdach.  As  they  form  communications  between  one  part  of  the  grey 
matter  and  another,  the  fibres  are  comparatively  short  and  their  number  is 
cZt^^""  r°^"'''Z'°        "^^^^-^^  °^  g-^^y  •^^'^"^r,  or  at  least  of  ganglion 

rra:tt^hei'^^^ ''-'^'^  ^'-^ 

'^"'"'"""i'^^*--^  I'etween  the  brain  and  cord,  the  best 
Cse  form  th    p  ''"P"^^^^  '"""^  ''''  '^^^'^  to  the  cord. 

« t  he  b  a"   dow?'T^  ^'^^^^  '''^'^^''^         'hem  from  the  cortex 

in  the  cord  tiTv  T  ""^^  fibres  decussate  so  that 

co.d  they  occupy  the  opposite  side  to  that  which  they  have  in  the  brain. 


V^g.  44S. — Section  of  dorsal  region  of  cord. 
Letters  same  as  in  previous  figure,  with  the 
addition  that  the  antero-lateral  and  i^ostero- 
lateral  groups  are  sepai-ated  by  a  medio- 
lateral  area  (iiiO,  and  Clarke's  column  (vo)  is 
shown.  (Ross). 
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Some  of  them,  however,  do  not  decussate,  but  remain  in  the  anterior  parts  of 
the  cord,  forming  a  small  band  on  either  side  of  the  anterior  longitudinal  fissure, — 
the  Column  of  Tiirck  (T  in  figure).  The  great  mass  of  the  fibres,  having  decussated,, 
pass  to  the  lateral  column  of  the  cord,  where  they  occupy  a  definite  position  in 
its  posterior  parts  {pt  in  figure).  The  fibres  in  both  these  positions  diminish  in 
number  from  above  downwards,  as  they  pass  into  the  grey  substance  of  the  cord 
at  successive  levels  in  order  to  come  into  relation  with  the  centres  in  the  anterior 
cornua. 


Fig.  44<).-Cervical  enlargement  of  cord  in  a  ftetus  of  nine  uiouths  A  '"jd  ]?, 
anterior  and  posterior  conuia ;  G,  columns  of  Goll  ;  T,  .<=°1""^"^  Xr 
pr,  anterior  and  posterior  root-zones ;  pt,  pjramidal  tract;  dc,  duect  ceieDeiiai 

tract.  (Ross.) 

The  secondary  centripetal  fibres,  or  those  which  form  sensory  connections 
between  the  cord  and  brain,  are  represented  by  a  tract  in  the  posterior  colunins 
lying  next  the  posterior  longitudinal  fissure,  and  occupying  a  position  somewhat 
similar  to  that  of  the  columns  of  Tiirck  anteriorly.    These  are  called  the  Columns 

°'Be°swi?  thislhere  is  a  tract  which  forms  communications  between  the  ceijbellum 
and  the  cord,  but  which  is  not  of  late  development.    This  is  the  Bo^called  ct- 
cerebellar  tract  (dc  in  figure),  which  lies  in  the  lateral  column  0"*-^^  f  P^^^^ 
m  dal  tract,  and  as  if  flattened  against  the  surface.    The  function  of  this  lact  , 
not  known   but  it  is  composed  of  centripetal  fibres  and  dimmishes  from  above 
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downwards  even  more  quickly  than  the  pyramidal  tract,  so  that  by  its  disappearance 
the  latter  may  come  to  the  surface. 

According  to  Gowers  there  is  a  centripetal  tract  anterior  to  the  direct  cerebellar 
and  pyramidal  tracts,  and  lying  for  the 
most  part  close  to  the  surface  of  the  cord 
where  it  extends  almost  to  the  anterior 
median  fissure.  This  is  called  the  Antero- 
lateral ascending  tract  or  Column  of 
Gowers.  It  is  thus  similar  in  position  to 
the  cerebellar  tract. 

In  the  Medulla  oblongata  the  grey  and 
white  substances  of  the  cord  may  be  traced 
upwards,  but  they  undergo  considerable 
dislocation.  From  the  examination  of 
Fig.  450  it  will  be  seen  that,  as  the  central 
canal  passes  backwards  and  finally  opens 
out  in  the  fourth  ventricle,  the  grey  matter 
departing  from  its  arrangement  into  cornua 
but  still  aggregated  in  the  neighbourhood 
of  the  central  canal  and  ventricle,  forms 
various  masses  in  the  posterior  part  of  the 
medulla. 

These  masses  have  special  importance 
as  being  the  nuclei  of  origin  of  certain 
nerves,  and  will  be  afterwards  more  par- 
ticularly referred  to,  in  connection  with 
bulbar  paralysis.  The  white  substance 
gradually  comes  to  occupy  the  middle  and 
anterior  parts  of  the  medulla,  and  the 
olivary  body  is  intercalated  in  its  midst. 
The  pyramidal  tract  is  easily  recognized 
here,  forming  the  anterior  pyramids  (p), 
which  decussate  at  the  lower  part  of  the 
medulla  (A).  The  motor  fibres,  having 
assumed  a  position  in  front,  remain  anterior 
to  the  sensory  in  the  rest  of  their  course 
in  the  brain. 

Post-mortem  changes  and  injuries. 
Artefacts.— The  soft  structures  of  the  cord 
and  brain  are  very  liable  to  injury  during 
the  process  of  removal,  and  to  distortions 
and  other  changes  in  the  course  of  harden- 
ing. Great  care  should  be  exercised  in 
removing  the  parts,  and  also  in  placing 
them  into  the  hardening  media  in  such  a 
way  as  that  they  shall  not  be  twisted  or 

Thes  "Sou?^^^^^^^^^^  -hen  the  post-mortem  is  made  some  time  after  Lath, 
the  post-mortem  examination  made  as  soon  as  possible,  and  in  the  mean- 


Pig.  4o0  --Medulla  olilongata  at" various. 
JeveLs,  A,  at  decussation  of  pyramids  (n).  the 
general  shape  of  the  cornua  still  rettiined 
B,  higher  up  the  grey  matter  passing 
backwards  and  pja-amids  becoming  more 
isolated.  C,  m  fourth  ventricle,  the  nuclei 
in  the  Hoor  of  which  are  shown.  (Quain.) 
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time  the  body  may  be  placed  with  the  face  downwards  and  in  a  cold  atmosphere. 
Kecently  a  method  of  injecting  formalin  into  the  cranial  cavity  through  the  orbit 
has  come  into  use.  This  has  decided  advantages  both  in  rendering  the  brain  and 
•cord  more  easily  handled  without  risk  of  injury  and  in  preventing  post-mortem 
•changes. 

Literature.- — For  a  very  full  exposition  of  the  structure  and  development  of 
the  cord  see  Boss's  Nervous  system,  vol.  i.  An  important  contribution  is  that 
by  Flechsig,  Die  Leitungsbahnen  im  Gehirn  und  Eiickenmark  des  Menschen,  1876. 
For  diseases  of  spinal  cord,  Eoss  and  Gowebs  are  very  complete ;  also  Erb's  very 
excellent  work  in  Ziemssen's  Enclycoptedia ;  Charcot,  Lectures  on  dis.  of  nervous 
syst.,  New  Syd.  Soc.  transl.,  2nd  series,  1877  and  1881.  Bramwell,  Dis.  of  spinal 
■cord,  3rd  ed.,  1895 ;  Hammond,  A  treatise  on  dis.  of  nervous  system,  6th  ed.,  1876 ; 
Letden,  Klinik  der  Eiickenmarkskrankheiten,  1875.  Paul  Blocq  and  Albert 
LoNDE,  Anat.  path  de  la  moelle  6pini6re,  Paris,  1891 ;  Pierre  Maeie,  Lect.  on 
•dis.  of  spinal  cord,  New  Syd.  Soc.  transl.,  1895;  Van  Gibson,  Artefacts  of  the 
nervous  system,  reprint  from  New  York  Medical  Journal,  1892. 


I.— SECONDARY  DEGENERATIONS  IN  THE  CORD. 

Causation. — Secondary  degenerations  occur  in  the  brain  and  spinal 
cord  as  a  result  of  interruption  of  nerve  fibres.    In  principle  they  are 
similar  to  the  degeneration  of  peripheral  nerves  after  division  of  their 
fibres.    The  interruption  to  the  nerve  fibres  may  be  in  the  brain,  in 
the  cord  itself,  or  in  the  posterior  nerve-roots.    Those  occurring  in 
the  brain  are  mostly  the  result  of  haemorrhages,  softenings,  or  other 
coarse  lesions.    In  the  cord  itself  interruption  is  the  result  of  inflam- 
mation, of  direct  injuries,  or  of  lesions  which  press  on  the  cord.  Acute 
•curvature  of  the  spine,  whether  the  result  of  injury,  as  when  there 
occurs  a  fracture-dislocation  of  the  vertebrae,  or  of  disease,  as  m 
tuberculosis  of  the  vertebrae,  is  a  somewhat  frequent  cause.  Pressure 
on  the  cord  is  produced  in  various  ways.    As  the  cord  is  within  a 
rigid  bony  canal,  any  increase  in  the  contents  of  the  canal  is  apt  to 
cause  pressure  on  the  cord.    Thus  hemorrhage  into  the  spinal  canal, 
such  as  results  from  an  aneurysm  bursting  into  the  canal,  may  cause 
it     Again  tuberculosis  of  the  vertebra?,  if  it  extends  to  the  membranes 
of  the'^cord,  leads  to  great  thickening  of  them,  a  pulpy  granulation 
tissue  being  produced  like  that  in  tuberculosis  of  joints.    The  pressure 
of  this  new-formed  tissue  has,  in  several  cases  observed  by  the  author, 
led  to  interruption  to  the  cord.    Again,  tumours  of  the  memln-anes 
or  of  the  cord  may  have  a  similar  result.    Syphilitic  lesions  ni  some 
cases  press  on  the  cord  and  lead  to  interruption.     Lastly,  uiflam- 
mations  in  the  cord  itself,  by  the  pressure  of  the  exudation  or,  m 
chronic  inflammation,   of  the   new-formed   connective  tissue  may 
interrupt  the  nerve  fibres. 
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Character  of  the  chang^es.    Grey  Degeneration.    Sclerosis. — We 

have  already  seen  that  when  a  nerve  stem  in  an  animal  or  in  man  is- 
divided,  the  peripheral  portion  of  the  nerve  degenerates.  The  most 
prominent  changes  are  in  the  medullary  sheath  which  coagulates,  then 
breaks-  up,  and  is  finally  absorbed.  The  degeneration  occurs  from  the- 
point  of  section  towards  the  periphery,  and  we  have  seen  that  th& 
explanation  of  this  seems  to  be  that  the  nerve  fibres  are  cut  off  from 
the  nerve  cells  of  which  the  axis  cylinders  are  prolongations.  In  the- 
central  nervous  system,  when  the  [fibres  are  interrupted,  the  degenera- 
tion is  of  the  same  character  as  in  peripheral  nerves,  and  results  in  the 
destruction  of  the  medullary  sheath. 

The  opaque  dead  white  colour  of  the  white  or  fibrous  nerve  sub- 
stance is  due  to  the  medullary  sheath,  which  is  a  highly  refracting. 


Hubstnce  ToTc.  I.ff  f^^  degeneration  of  cord.  To  the  right  is  normal  white 
in  %vlSch  a  f      i^ovvl  fih^^f  tissue  shows  a  gi-auular  basis-substance 

tion     X  80.  "^s^^      descending  degeuei-a- 

fatty  substance.  If  this  medullary  sheath  be  lost,  then  the  white- 
nerve  substance  becomes  grey,  and  so  we  speak  of  Grey  degenera- 
tion m  all  cases  where  the  medullary  sheath  is  lost,  whether  from 
he  cause  we  are  considering  or  not.  A  tract  of  white  nervous, 
tissue  afi-ected  with  this  degeneration  will  be  like  a  tract  of  grey 
substance.  ^ 

When  a  degenerated  area  is  examined  under  the  microscope  the 
most  niarked  change  is  the  great  reduction  in  the  |number  of  nerve 

Wased  ^'^^  ^'""^^'^^^^  ™bstance  is  greatlv 

viv  r  in  th"  '^\"^7\«^-«  ^PP-r  only  at  intervals,  a  fel  sui-- 
I  s  consider  ^  i  ^'"'^'^  destruction.  There  is  sometimes 
much  I^e  f  degenerated  area,  but   this  is 
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In  addition  to  simple  degeneration  there  is  sometimes  a  new- 
formation  of  connective  tissue,  which  some  regard  as  inflammatory 

in  character.  The  inflammatory  character 
is  little  marked  in  secondary  degeneration, 
but  there  are  some  forms  of  grey  de- 
generation in  which  the  inflammatory 
new-formation  is  perhaps  the  primary 
factor,  and  the  degeneration  of  the  nerve 
fibres  the  result  of  it.  Whether  there  be 
new-formed  connective  tissue  or  not,  and 
whether  the  process  be  inflammatory  or 
not,  the  absence  of  the  soft  medullary 
sheath  causes  a  hardening  of  the  tissue, 
and  so  the  term  Sclerosis  when  applied 
to  the  white  substance  is  nearly  equivalent 
to  grey  degeneration. 

It  has  been  said  above  that  the  de- 
generation occurs  in  the  fibres  which  are 
cut  off  from  their  cells,  and  it  seems  that 
in  the  cord  as  a  rule  the  cells  are  at  the 
lower  termination  of  the  afterent  fibres 
and  at  the  upper  termination  of  the 
efferent.  Hence  the  degeneration  mostly 
follows  the  direction  in  which  the  nerve 
conducts,  passing  upwards  from  the  seat 
of  lesion  in  the  case  of  centripetal  fibres 
and  downwards  in  the  case  of  centrifugal. 
So  we  speak  of  ascending  and  descending 
degeneration. 

The  degeneration  takes  some  time  to 
develop.  According  to  experiments  in 
dogs  it  begins  fourteen  days  after  the 
infliction  of  an  injury,  but  it  is  many 
weeks  before  the  appearances  are  fully 
established. 

Fig  459  -Deseeding  degoa.eva-  FORMS  OF  SECONDARY  DEGENERATION. 
T^^!^^^^^  1.  Descending  grey  degeneration  (De- 
irS^':^:'^^^  scendmg  sclerosis).-As  we  have  just  seen, 
lumbar  regions.  ^^^.^  j^^.^^  ^^^^^g  centrifugal  or  motor 

fibres  including  the  fibres  of  the  anterior  root-zone  and  the  pyramidal 
tract    The  former  are  short  fibres,  and  when  they  are  u^terrupted 
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there  is  a  descending  degeneration  extending  only  a  short  distance 
■downwards.  But  the  fibres  of  the  pyramidal  tract  are  continuous 
from  the  brain  downwards  to  the  extremity  of  the  cord,  and  wher- 
ever interrupted  they  show  degeneration  in  all  parts  situated  below 
the  lesion. 

The  degeneration  of  the  pyramidal  tract  is  most  frequently  brought 
about  by  a  Lesion  of  the  brain,  and  in  that  case  it  exists  in  the  jjarts 
of  the  tract  above  as  well  as  in  those  below  the  medulla  oblongata. 
We  have  here  to  consider  it  in  the  medulla  and  cord.  In  the  medulla 
oblongata  it  occupies  the  anterior  pyramid  (see  Fig  452  a),  where  it 
frequently  produces  great  shrinking.  At  the  lower  part  of  the  medulla 
(Fig.  452  h)  the  degenerated  fibres  decussate  and  the  degeneration 
takes  up  its  position  at  first  at  the  side  of  the  central  canal  (see  Fig. 
452),  afterwards,  in  the  cord,  passing  into  the  lateral  columns  in  the 


Pig.  453. — Desceudiug  de- 
geuei-ation.  Cervical  region. 
The  pyramidal  tract  on  the 
light  side  is  pale. 


Fig.  4o4._Deseeuding  degeuora- 
ticu.  Lumbar  region.  The  affected 
pyramidal  tract  small  and  reaching 
the  surface. 


regular  position  of  the  pyramidal  tract  (Fig.  452,  c,  d,  e,  f,  and  Figs 
453  and  454).  In  some  cases  it  entirely  decussates,  but  the  column  of 
I  urck  m  the  anterior  white  column  is  also  affected  in  most  cases  In 
Its  whole  course  the  lesion  diminishes  from  above  downwards,  but  is 
traceable  down  to  the  lumbar  region.  The  reason  for  this  is  that  the 
pyramidal  tract  gradually  diminishes  in  bulk  from  above  downwards 

"^thlh^'l  ''T-  '"^^  ^0 

relation  with  the  branching  processes  of  the  large  motor  cells  in  the 

toibed  as  occurring  on  section  or  interruption  of  a  spinal  nerve 
when  the  fibres  of  this  tract  suffer  interruption  or  injury,  derenerron 

immedSv  L  '"'^^^  '^'^  be  divided  there  is 

Which  IS  continued  but  a  short  distance.    There  is  also  a 
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degeneration  of  the  pyramidal  tract  on  both  sides  continued  downwards 
the  whole  length  of  the  cord.  The  interruption  either  in  the  cord  or 
brain  may  be  incomplete,  and  in  that  case  the  degenerated  fibres  will 
be  fewer  in  number  and  the  area  less  distinctive  in  appearance. 

Perhaps  it  should  be  mentioned  that  now  and  again  in  cases  of 
unilateral  cerebral  lesion  giving  rise  to  descending  degeneration  in  the 
pyramidal  tracts,  the  degeneration  is  double,  involving  the  tracts  of 
both  sides.  The  explanation  of  such  anomalous  cases  must  be  found 
in  irregularity  in  the  distribution  of  the  pyramidal  fibres,  but  in  all 
cases  at  least  a  few  fibres  may  be  found  degenerated  in  the  situation 
of  the  pyramidal  tract  of  the  same  side  (idio-lateral)  as  the  lesion. 

Effect  on  function  of  descending  sclerosis.— We  have  already  seen 
that  the  pyramidal  fibres  end  in  the  cord  at  successive  levels,  passing 
into  the  ganglionic  centres.  When  the  fibres  are  degenerated  these 
centres  are  cut  off  from  the  higher  centres  and  left  more  to  themselves. 
They  are  still  connected  with  the  muscles,  which  retain  their  contractile 
power.  Voluntary  motion  is  lost,  but  certain  involuntary  muscular 
phenomena  may  be  even  exaggerated. 

Late  rigidity  as  seen  in  hemiplegia  where  one  side  of  the  body  is 
affected,  or  in  paraplegia  from  injury  to  the  cord  where  both  sides  are 
involved,  comes  on  a  considerable  time  after  the  onset  of  the  paralysis, 
and  may  be  regarded  as  coinciding  in  time  with  the  full  development 
of  the  sclerosis.    There  is  here  a  more  or  less  permanent  contraction 
of  some  muscles  with  absence  of  contraction  in  others,  producing 
sometimes  fixation  of  the  members  of  the  body  in  special  positions 
so  as  to  have  the  appearance  of  deformity.     This  fixed  condition, 
due  to  the  muscular  spasm,  is  often  called  Contracture.    It  imphes  a 
continuous  impulse  to  the  contracted  muscles  originating  in  the  cord 
or  elsewhere.    Charcot  suggests  that  the  inflammatory  process  which 
he  supposes  to  be  involved  in  the  sclerosis  may  irritate  the  fibres 
passing  to  the  anterior  cornua  and  so  result  in  the  stimulation  of  the 
muscular  centres  there.    But  this  view  can  hardly  be  accepted  ;  there 
xnay  be  almost  no  signs  of  inflammation  in  the  affected  part  and  yet 
marked  rigidity.    Besides,  it  is  difficult  to  understand  how  irrxtation 
of  degenerated  and  virtually  lost  fibres  should  cause  stimula  ion  of  the 
ganglion  cells.    A  more  probable  explanation  is  suggested  by  Hitzig. 
Taking  as  an  example  the  case  of  the  arm  in  hemiplegia,  it  appears 
that  tSe  contraction  occurs  most  readily  in  those  muscles  which  are  m 
a  position  to  contract  most  easily.    The  hemiplegic  generally  he  in 
bed  with  his  forearm  across  his  chest,  and  even  when  walking  about  he 
supports  it  across  the  chest,  and  it  is  the  biceps  which  becomes  ng^ 
Then  it  has  been  shown  that  when  the  fingers  are  released  from  the 
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action  of  the  muscles  and  left  to  assume  the  position  to  which  the 
bones  and  ligaments  best  accommodate  themselves,   they  assume  a 
semi-flexed  position,  such  as  we  see  in  the  dead  body.    It  is  obvious 
that  the  flexor  muscles  will  most  "easily  contract  under  these  circum- 
stances, and  it  is  they  which  get  rigid  in  hemiplegics.    Take  along 
with  this  the  fact  which  Volkmann  points  out,  that  muscles  can 
actively  contract  but  cannot  actively  relax,  and  it  is  seen  that  any 
shght  impulse  is  apt  to  be  cumulative  when  there  is  no  action  of 
antagonistic  muscles.    The  centres  of  the  anterior  cornua  are  still  in 
connection  with  the  muscles,  and  although  cut  off  from  the  upper  brain 
are  still  exposed  to  irregular  and,  as  it  were,  accidental  stimulation. 
There  are  reflex  stimuli,  and  there  are  stimuli  from  above  conveyed  in 
a  roundabout  way  through  the  still  open  communications  in  the  cord. 
A  multitude  of  slight  stimulations  will  reach  the  centres  and  as  the  result 
of  "  summation  of  stimuli "  feeble  impulses  will  be  conveyed  to  the 
muscles.    Those  which  are  stretched  will  not  contract,  but  those  which 
are  so  placed  as  to  contract  easily  will  do  so,  at  first  feebly  but  with 
cumulative  force.    This  view  is  supported  by  the  fact  that,  in  the  early 
stages  of  late  rigidity,  there  is  often  considerable  relaxation  of  the 
muscles  after  prolonged  rest,  as  in  sleep,  so  that  a  limb  which  was  rigid 
at  night  is  found  in  the  morning  soft  and  movable.    The  ganglion  cells 
in  sleep  are  protected  from  external  stimulation  and  they  cease  acting. 
Pierre  Marie,  on  the  other  hand,  is  inclined  to  the  opinion  that  the 
rigidity  may  be  the  result  of  the  withdrawal  of  the  inhibitory  function 
of  the  pyramidal  tracts  upon  the  centres  in  the  cord  and  hence  their 
ill-timed  and  unceasing  action. 

The  exaggerated  Muscle  reflex  which  is  exemplified  in  the  familiar 
ehnical  demonstration  of  the  Knee-jerk  and  Ankle-clonus,  may  be 
regarded  as  due  to  the  isolation  of  the  muscular  centres  in  the  cord 
When  the  control  of  higher  centres  is  removed,  lower  centres  usually 
act  more  readily.  The  skin  reflex  is  frequently  decreased,  but  the 
muscle  centres  seem  to  be  more  powerfidly  acted  on  by  stimuli  coming 
from  the  muscles.  ° 

2.  Ascending  grey  degeneration  {Ascending  sclerosis).— This  condi 
ion  occuz's  as  a  result  of  any  cause  which  interrupts  the  ascending  or 

the  short  fi?  There  are 

nd  fb lin?::"""'""'"^  °f  ^l^e  cord, 

and  lormmg  the  posterior  root-zones,  and  there  are  the  longer  fibres 

llmeltelv  P"'^'^         antero-lateral  tracts, 

immediately  above  the  lesion,  all  these  are  affected,  so  that  the 
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degeneration  has  considerable  lateral  extension,  involving  the  whole 
of  the  posterior  columns  and  the  direct  cerebellar  tracts.    But  the 

lesion  soon  limits  itself  to  the  columns  of 
Goll,  the  direct  cerebellar,  and  partly  the 
antero-lateral  tracts  (see  Figs.  455  and  456), 
and  in  these  parts  it  can  be  traced  up  to 
the  restiform  body  on  the  one  band,  and 
the  cerebellum  on  the  other.  According 
to  Schiefferdecker,  the  degeneration  in  these 
situations  diminishes  from  below  upwards. 


^      ^    *  Mg.  456.-Asceuding  grey  degeiieration  The 

columns  of  GoU  and  direct  cerebellar  tracts  are 
visibly  pale. 

the  diminution  occurring  at  intervals  as  if, 
at  definite  levels,  fibres  passed  into  the  grey 
matter  of  the  cord. 

Some  cases  have  been  recorded  in  which 
a  tumour  pressing  on  the  cauda  equina,  or 
a  severe  traumatic  lesion  of  the  sciatic 
nerves,  had  led  to  ascending  degeneration 
of  the  cord.    In  the  lumbar  and  lower 
dorsal  regions  the  whole  posterior  white 
columns  were  degenerated,  but  on  passing 
upwards  the  degeneration  became  hmited 
to  the  columns  of  Goll  and  the  cerebel  ai 
fibres  as  above.    We  may  infer  from  this 
that  the  fibres  of  the  posterior  column  are 


Fig.  455.-Tran8Vorse  i^^Mis 
with  secondary  ascending  a"d  de 
scending  degeneration  M 

the  columns 


it  Will  oe  cviuoi.i'   

;rthe  iwo-iatter       /^o  /.        -^^^..^^ts  the  cord  will  lead  to  an  ascendmg 
Ji^-^eXi  ~,tion  above  its  seat  and  a  descending 

•     V,  1         as  in  Fig  455.    The  degeneration  will  dimmish 
degeneration  below  it,  as  m  ng.  ** 
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in  both  cases  as  we  pass  from  the  lesion,  quickly  at  first,  but  after- 
wards more  gradually. 

3.  Deg^eneration  in  the  cord  after  amputations. — The  removal  of  a 
limb  abolishes  the  function  of  the  nervous  structures  concerned  in  the 
movements  and  other  actions  of  the  limb,  and  so  these  structures 
undergo  atrophy  from  disuse.  The  posterior  roots  of  the  nerves  are 
often  slightly  atrophied,  but  the  white  columns  of  the  cord  are  not 
affected.  The  principal  change  is  in  the  anterior  cornua,  where  some 
of  the  ganglion  cells  completely  disappear,  and  others  are  shorn  of  their 
processes  and  atrophied.  This  occurs  at  a  part  of  the  cord  correspond- 
ing with  the  amputated  limb,  and  on  the  same  side  of  the  body.  If 
the  amputation  has  been  made  comparatively  late  in  life  there  is  usually 
little  change  in  the  cord ;  the  earlier  the  age  of  the  person  at  the  time 
of  the  amputation  the  moi'e  likely  are  these  changes  to  occur. 

In  a  case  recorded  by  Edinger,  in  which  intra-uterine  amputation  of 
the  forearm  had  occurred,  and  the  person  lived  to  the  age  of  52,  there 
was  considerable  atrophy  of  the  nerves  and  of  the  corresponding  half  of 
the  cord,  especially  of  the  grey  matter.  There  was  also  some  atrophy 
in  the  motor  region  of  the  convolutions  in  the  brain. 

Literature.— Besides  general  works  akeady  noted,  Chabcot,  Lectures  on  localiza- 
tion of  cerebral  and  spinal  diseases,  Syd.  Soc.  transl.,  1883  ;  TiiECK,  Sitzungsber.  d. 
Akad.  d.  Wiss.  Wien,  vols,  vi.,  1851,  and  xi.,  18-53;  Leaden,  Deutsch.  Klinik, 
1863;  GowERs,  Diagnosis  of  dis.  of  spinal  cord,  2nd  ed.,  1881,  and  dis.  of  nervous 
system,  latest  edition;  Schieffeedecker,  Virch.  Arch.,  Ixvii.,  1876  ;  Dreschfeld 
(Cord  after  amputation),  Jour,  of  Anat.  and  Phys.,  1879,  xiv.,  424;  Genzmer, 
Virch.  Arch.,  1876,  Ixvi.,  265  ;  Edinger,  Virch.  Arch.,  1882,  Ixxxix.,  46,  and 
Vorlesungen  iiber  den  Bau  der  nerv.  Centralorgan. 


II. -INFLAMMATIONS  OF  TEE  SPINAL  CORD. 
In  its  widest  acceptation,  inflammation  of  the  spinal  cord  or 
myelitis,  includes  a  large  number  of  widely  different  conditions  each  of 
which  will  be  considered  separately.  The  cases  may  for  convenience 
be  divided  into  two  groups.  In  one  of  these  the  aff-ection  has  a  limited 
longitudinal  extension,  but  involves  the  cord  rather  in  its  thickness, 
^or  cases  01  this  class  it  is  customary  to  use  the  expression  Transverse 
myehtis  in  order  to  distinguish  them  from  those  in  which  a  consider- 
ZlltT   1  '  inflammation  has  a  limited 

wh"h  acTs  on  tr""'  1  ''''  ^"^""^  -  ^^^-^^ 

inflammat  on  f      '  "  P'^'^'"^''  group  the 

tr  ZZTlT^:  physiological  system  in  the  cord,  as 

distZe  r     ^        f  ^^^^  it  for  some 

distance  from  above  downwards;  hence  the  name  Systematic  inflam- 


Y08 


SPINAL  CORD  AND  MEDULLA  OBLONGATA. 


mations  applied  to  this  group.  Such  inflammations  may  involve  the 
white  substance  or  the  grey  substance,  and  they  are  often  distinguished 
by  the  names  Leucomyelitis  (A£tjk6s  =  white)  and  Poliomyelitis  (ttoAios 
=  grey).  These  inflammations  have  for  the  most  part  no  assignable 
cause,  and  are  sometimes  called  spontaneous.  In  some  of  them  the 
process  shows,  perhaps,  more  of  a  degenerative  than  an  inflammatory 
character.  Besides  these  there  is  a  form  of  myelitis  in  which  the 
lesions  are  somewhat  irregularly  diffused  over  different  parts  of  the 
brain  and  cord. 

A.— Transverse  Myelitis. 
1.  Acute  transverse  myelitis  (Softening  of  the  cord)— Causation.— 

Cases  occasionally  occur  of  a  limited  transverse  myelitis,  manifested  in 
a  softening  of  the  cord,  without  any  sufiicient  cause  being  apparent. 
These  cases,  which  are  usually  designated  spontaneous  or  primary,  are 
assigned  to  exposure  to  cold,  especially  when  the  body  is  overheated  or 
during  menstruation.  The  nature  of  the  irritant  in  such  cases,  and  its 
source,  are  quite  obscure,  as  well  as  the  reason  for  its  localization  at  a 
particular  part  of  the  cord.  Syphilis  and  certain  of  the  acute  specific 
fevers,  such  as  small-pox,  typhus  fever,  and  measles,  are  sometimes 
assigned  as  causes  of  softening  of  the  cord. 

Direct  injury  to  the  cord,  as  by  fractures  and  dislocations,  and  acute 
curvature  of  the  spine,  produce  myelitis,  especially  where  haemorrhage 
has  been  induced.  In  this  connection  the  great  vascularity  of  the  grey 
substance  as  compared  with  the  white,  is  to  be  taken  into  account.  An 
iniury  to  the  cord,  as  by  an  acute  curvature  or  even  a  concussion,  may 
produce  a  hemorrhage,  which  is  often  limited  to  the  grey  substance. 
The  haemorrhage  may  itself  be  the  efiicient  cause  of  the  softening. 
Inflammations  extending  to  the  meninges  may,  by  the  action  of  the 
inflammatory  exudation,  induce  a  softening.  Tumours  have  sometimes 
a  similar  effect,  although  their  action  is  liable  to  be  more  gradual,  so  as 
to  produce  a  chronic  inflammation.  j-  i 

Characters  of  the  lesion.-The  myelitis  is  limited  m  longitudinal 
extent  and  as  the  usual  result  is  softening  of  the  cord,  the  expression 
Acl'  softening  of  the  cord  is  almost  equivalent  to  myelitis.    T  e 
.oftenin-  is  usually  most  manifest  in  the  grey  substance,  and  may  e^en 
be  appie:t;  confined  to  it,  but  it  involves  the  white  substance  as 
wpU  and  usually  the  whole  thickness  of  the  cord. 
"  Tke  soCedLrvous  tissue  ..eseuts.  in  -^^t 
variations  in  eolonr.  so  that  red.  yellow,  grey  "^.te,  a^^d  even  .  en 
softening  have  been  deseribed.    If  mueh  blood  ha^  eseaped  f.om 
vessels,  there  will  be  red  softening  merging  mto  yellow. 
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The  characteristic  morbid  changes  are  the  breaking  up  of  the  nerve 
tissue  and  fatty  degeneration  of  the  other  structures.  In  the  white 
substance  drops  of  myeline,  which  have  escaped  from  the  medullary 
sheath,  are  found,  and  the  axis  cylinders  are  swollen.  The  fatty 
degeneration  is  manifested  by  the  presence  of  abundant  compound 
granular  corpuscles,  which,  to  some  extent,  are  probably  leucocytes 
or  neuroglia  cells,  which  have  picked  up  the  disintegrated  myeline ; 
but  there  may  be  abundant  leucocytes  apart  from  these  cells.  There 
is  also  fatty  degeneration  of  the  walls  of  the  blood-vessels,  the  fat  here 
having  a  similar  source. 

The  myelitis  rarely  goes  on  to  suppuration,  but  usually  passes  into 
a  chronic  stage.  The  fat,  both  of  the  medullary  sheath  and  of  the 
compound  granular  corpuscles,  is  absorbed,  and  a  condition  of  grey 
softening  remains.  As  the  inflammation  becomes  more  chronic  there  is 
new-formation  of  connective  tissue  of  a  cicatricial  character.  In  the 
midst  of  the  connective  tissue  there  are 
often  to  be  found  large  cells  with  radiat- 
ing processes,  sometimes  called  "  spider 
cells  "  or  "  Deiter's  cells."  These  are  very 
obscurely  visible  in  the  normal  cord  where 
they  form  part  of  the  neuroglia,  but  here 
they  are  much  enlarged.    In  this  way  the 

proper  elements  of  the  cord   at  the  mrt         Kg-  457.— Extensive  grey  degene- 
„  r  ration  m  the  cord  iiD  mediately  above 

aiiected  may  be  replaced  by  a  cicatrix  or    ^  transverse  myelitis.  The  lesion 

,  .  affects  the  posterior  and  postero- 

oy  a  cyst,  and  its  conduction  interrupted.    lateral  columns. 
In  some  cases  the  interruption  is  not  complete,  and  there  may  even  be 
a  partial  regeneration  of  the  conducting  fibres,  and  a  partial  recovery 
from  the  paralysis. 

As  a  consequence  of  the  lesion  there  is  extensive  sclerosis  in  the 
immediate  neighbourhood,  as  shown  in  Fig.  457.  This  localizes  itself 
above  and  below  the  seat  of  lesion  as  an  ascending  and  descending  grey 
degeneration  of  the  usual  distribution.  There  may  be  also  an  extension 
ot  the  inflammation  upwards  in  the  pyramidal  tract  for  a  short  distance 
tvom  the  seat  of  the  lesion  (as  in  the  specimen  figured). 

Gowers  has  described  an  appearance  as  if  a  ne^y-formation  of  nerve  fibres  were 
teTLSr'  '1  ^.^^-^r^r'^  '''''  ^'^^  '^^^-^  ^  P--"^l  -turn  of  po" 

ouere  may  be  some  such  new-formation. 

tion  myelitis.-We  have  just  seen  that  this  condi- 

chionTc  L     tl  inflammation  may  be 

mduallv     T.  P^^^"'^^^^  by      -"t-t  acts 

gradually.    It  ,s  most  frequently  the  result  of  Chronic  compression  of 
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the  cord,  as  in  the  case  of  curvature,  or  pressure  by  a  tumour.  It  may 
also  be  propagated  from  the  membranes,  a  spinal  meningitip  passing 
into  a  myelitis.  W e  have  already  seen  that  it  may  arise  by  extension 
from  a  peripheral  nerve,  the  inflammation  travelling  upwards  to  the 
cord.  It  occurs  also  from  exposure  to  cold,  from  strains,  etc.,  as  in  the 
case  of  acute  myelitis. 

The  changes  produced  are  those  common  to  chronic  inflammations. 
There  is  new-formation  of  a  dense  connective  tissue,  developing  in  the 
usual  way  from  granulation  tissue.  The  new-formed  tissue  causes 
compression  of  the  proper  nervous  elements  and  their  atrophy.  In  the 
white  substance  the  nerve  fibres  disappear,  and  in  the  grey  substance 
the  ganglion  cells.  With  the  growth  of  this  dense  tissue  there  is  an 
induration  of  the  cord,  and  the  term  Sclerosis  is  applicable.  In  the 
white  substance  this  is  manifested  by  the  usual  appearance  of  grey 
degeneration.  There  is  also  a  degree  of  shrinking  of  the  parts,  and 
this  is  often  especially  manifest  in  the  grey  substance, 

As  the  nervous  structures  are  partially  or  completely  destroyed  there 
is  a  greater  or  less  interruption  of  the  cord,  and  this  results  in  the  usual 
secondary  degenerations  above  and  below  the  seat  of  the  lesion. 

3  Divers'  paralysis.  Caisson  disease.— Persons  who  have  been  work- 
ino-'for  considerable  periods  under  a  greatly  increased  atmospheric 
pressure,  such  as  divers,  or  workers  in  caissons  at  the  foundations  of 
bridges  or  underground  railways,  sometimes  in  coming  into  the  open 
air  become  paralyzed.  It  is  usually  a  paralysis  of  the  legs  ;  but  there 
may  be  apoplectic  attacks  with  hemiplegia,  indicating  that  the  brain  is 
affected,  or  there  may  be  loss  of  consciousness  with  cyanosis  and 
cardiac  failure.  The  attack  may  be  fatal,  but  recovery,  especially  if  the 
patient  is  placed  in  an  air-lock,  usually  takes  place. 

There  seems  little  doubt  that  the  condition  arises  from  the  abnormal 
escape  of  -as  from  the  blood  in  the  vessels.  Under  increased  pressure 
a  liquid  dissolves  more  of  a  gas  than  under  normal  conditions,  and  m  a 
person  who  has  been  under  a  pressure  of  two  or  three  atmospheres 
more  of  the  gases  of  the  atmosphere  are  dissolved  m  the  blood  than 
under  ordinary  circumstances.  When  the  individual  returns  to  the 
ordinary  atmospheric  pressure,  there  is  an  excessive  escape  of  gas 
pecial^y  of  nitrogen,  which  cannot  be  utilized  by  ^^^  ^^^^  fort  s 
bodv  and  wide-spread  air  embolism  results.  In  many  cases  the  coid  is 
aSel  The  co'rd  being  in  a  confined  canal,  pressure  is  excised  on  e 
nerve  tissue,  and  there  may  even  be  some  tearing  up  ot  the  tissue^ 
There  is  ra  ely  hemorrhage.  The  injury  to  the  cord  may  induce  a 
IbseV-t  inflammation,  the  spaces  formed  by  the  gases  becoming 
occupied  by  round  cells. 
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Literature.— Pott,  Palsy  from  curvature  of  spine,  1776  and  1782;  Browe,  In- 
juries of  the  spine,  1837;  Jaccoud,  Des  Parapl^gies,  1864;  Fromjiann,  Normal  und 
path.  Anat.  des  Kiickenmarks,  1867;  Feinberg  (Myelitis),  Virch.  Arch.,  lix.,  1874; 
Snell,  Caisson  disease,  Lond.,  1896  ;  Bert,  Paul,  Comptes  rend.  See.  de  Biologie, 
1871-1873;  Smith  (literature),  Allbutt's  Syst.  of  Med.,  vii.,  1899.  For  more  com- 
plete literature  see  Boss,  ii.,  89. 

B. — Systematic  Myelitis  and  Degeneration. 

As  already  indicated,  in  the  diseases  included  here  the  affection 
follows  certain  physiological  systems,  and  we  have,  in  the  first  place, 
to  inquire  whether  any  explanation  of  this  can  be  suggested. 

General  causation. — In  almost  all  the  examples  of  inflammation 
studied  in  other  parts  of  this  work,  the  extension  of  the  process  is 
along  definite  paths.  The  irritant  has  been  brought  to  an  organ  by 
the  blood-vessels,  or  by  some  path  of  transit  such  as  a  mucous  canal, 
and  it  has  extended,  it  may  be,  by  the  lymphatics  or  along  a  surface. 
In  the  lesions  here  to  be  considered,  however,  the  problem  is  much 
more  difficult.  The  localization  of  the  disease  bears  no  relation  to  the 
blood-vessels  or  lymphatic  vessels,  and  if  the  irritant  is  brought  by  the 
blood  there  must  be  local  peculiarities  leading  to  differences  in  the 
susceptibility  of  different  structures. 

In  studying  the  various  structures  which  constitute  the  cord  we.  saw 
that  in  the  development  of  the  cord  a  certain  difference  is  apparent. 
In  the  white  substance  there  are  certain  Fundamental  structures 
constituting  the  root-zones,  and  certain  Accessory  tracts  which  are 
separately  developed,  and  mostly  of  later  formation.  In  the  grey  sub- 
stance also  there  are  difierences  in  the  periods  at  which  the  groups  of 
ganglion  cells  appear,  so  much  so  that  some  of  them  which  appear  later 
than  the  rest  have  been  named  Accessory  nuclei.  These  are  chiefly 
the  median  and  medio-lateral  groups.  The  various  tracts  of  white 
substance  and  groups  of  ganglion  cells  have  apparently  different  powers 
of  resistance,  and  the  more  recently  developed  or  accessory  structures 
are  less  resistant.  It  is  not  unlikely  indeed  that  in  some  cases  these 
may  be,  from  their  origin,  so  unstable  that  without  any  obvious  exciting 
cause  they  may  tend  to  degenerate.  In  this  way  the  boundary  line 
between  actual  inflammations  and  simple  degenerations  is  reached. 
There  are  some  of  the  diseases  here  to  be  considered  which  have 
undoubtedly  the  characters  of  inflammation,  and  even  of  acute  in- 
flammation. But  there  are  others  in  which  the  characters  are  rather 
those  of  a  chronic  degeneration  or  atrophy  of  the  structures  concerned, 
with  very  little  of  an  inflammatory  character. 

There  are  thus  various  degrees  of  susceptibility  in  the  difterent 
structures  of  the  cord  and  meduUa  oblongata,  and  when  an  irritant 
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exists  in  the  blood,  developed  perhaps  in  connection  with  exposure  to 
cold  or  otherwise,  there  will  be,  according  to  circumstances,  various 
manifestations. 

1.  Sclerosis  of  the  posterior  columns  {Locomotm-  ataxia,  Tabes  dm-- 
salis). — Causation. — Syphilis  is  assigned  as  the  cause  of  this  disease  in 
a  large  proportion  of  cases  (according  to  Gowers  in  about  two-thirds,  and 
according  to  Erb  even  in  larger  proportion).  Syphilis  does  not  act  by 
means  of  the  local  effects  of  a  gumma  or  other  inflammatory  lesion.  It 
seems  rather  that  the  disease  is  a  remote  effect  of  the  syphilitic  poison 
acting  on  a  predisposed  organ.  In  this  respect  it  may  perhaps  be 
compared  with  amyloid  degeneration,  which  is  also  a  late  result,  on 
particular  structures,  of  the  syphilitic  poison.  The  disease  also  occurs 
as  a  result  of  alcoholic  excess,  in  which,  again,  the  prolonged  action  of 
a  poison  is  recognizable.  Concussion  of  the  spine,  over-exertion,  etc., 
have  also  been  stated  as  causes. 

Characters  of  the  changes. — In  connection  with  the  causes  assigned, 
the  fact  should  be  borne  in  mind  that  the  lesions  are  largely  degenera- 
tive, but  that  they  also  partake  of  the  characters  of  chronic  inflammation. 
They  may  be  compared  with  those  in  peripheral  neuritis,  which  is  due 
to  the  action  of  similar  poisonous  agents. 

If  the  cord  is  examined  in  well-advanced  cases  of  this  disease,  the 
Posterior  white  columns  are  found  grey  and  shrunken,  and  the 
posterior  roots  are  also  atrophied.  There  is  often  meningitis,  the  soft 
membranes  being  thickened  and  adherent  to  the  cord  beneath  and 
sometimes  to  the  dura  mater  on  the  surface.  In  early  stages  of  the 
disease  the  changes  in  the  cord  may  be  invisible  to  the  naked  eye,  but 
can  be  detected  with  the  microscope.  In  advanced  stages  there  may  be 
similar  changes  in  the  cerebral  nerves,  e.g.  the  optic,  the  oculo-motor, 
the  hypoglossal,  etc. 

The  minute  changes  consist  in  atrophy  of  the  nerve  fibres  and 
increase  of  the  connective  tissue,  similar  to  that  described  as  occurring 
in  secondary  degenerations.  As  to  the  degree  in  which  actual  in- 
flammatory processes  exist  opinions  dilfer.  The  result  is  a  sclerosis  of 
the  afiFected  regions,  and  the  tissue  may  have  many  amyloid  bodies  in 
it.  These  are  round  or  oval  bodies  three  or  four  times  the  size  of 
blood-corpuscles  and  presenting  a  peculiar  bright  glancing  appearance 
(Fig.  458).  They  frequently  present  a  concentric  striation  like  grams 
of  potato  starch,  and  with  iodine  they  take  on  a  deep  brown  coloration. 
These  bodies  are  sometimes  present  in  such  immbers  as  to  form  the 
■  most  prominent  feature  under  the  microscope. 

The  posterior  columns  are  the  parts  afi-ected,  but  the  disease  does  not 
invade  these  columns  uniformly.    Its  special  seat  is  the  outer  parts  of 
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the  posterior  columns,  namely,  the  Posterior  root-zones,  or  columns 
of  Burdach,  and  it  is  stated  that  these  alone  are  affected  in  the  earlier 
stages  (see  Fig.  459).  The  Columns  of  Goll  are  secondarily  invaded,  as 
the  result  of  an  ascending  sclerosis.  That  this  is  so  appears  from  the 
actual  examination  of  the  cord  at  various  levels.  The  disease  begins, 
and  is  usually  most  advanced,  in  the  lumbar  region,  but  in  the  lowest 
part  of  that  region  the  lateral  parts  of  the  posterior  columns  may  be 
alone  involved.  On  passing  upwards  the  columns  of  Goll  become  also 
afiected,  so  that  in  the  upper  half  of  the  lumbar  swelling  the  degenera- 
tion may  be  co-extensive  with  the  posterior  columns.  This  continues 
in  the  dorsal  region,  but  in  the  cervical  the  sclerosis  begins  to  diminish 
externally,  and  shades  off  into  the  columns  of  Goll,  in  which  it  may 
be  continued  up  into  the  restiform  body.    The  actual  primary  lesion 


Fig.  458. -Amyloid  bodies  from  cord.    x300.  Fig.  45f).-Cord  in  early  stage 

of  locomotor  ataxia.  The  col- 
umns of  Goll  are  unaffected,  hut 
the  posterior  root-zones  are  in  a 
state  of  sclerosis. 

is  therefore  that  in  the  external  parts  of  the  posterior  columns,  and 
the  affection  in  the  columns  of  Goll  is  really  an  ascending  secondary 
degeneration,  these  columns  being,  as  already  stated,  the  principal 
seat  of  ascending  sclerosis.  It  is  to  be  noted,  however,  that  the  direct 
cerebellar  tract  and  the  antero-lateral  tracts  are  not  aff'ected. 

Besides  extending  to  the  columns  of  Goll,  the  disease  commonly 
affects  also  the  Posterior  roots,  which  are  often  much  atrophied  It 
may  also  extend  to  the  Posterior  grey  cornua,  in  which  case  anes- 
thesia occurs,  or  to  the  Lateral  columns,  in  which  case  paralysis 
ensues ;  or  it  may  even  pass  through  to  the  Anterior  cornua,  when 
muscular  atrophy  occurs  in  addition  to  paralysis.  There  is  sometimes 
an  extension  to  the  Medulla  oblongata,  as  evidenced  by  inco-ordina- 
tion  of  the  muscles  of  the  eyeball  and  of  those  of  speech 

simlln^h  T.r°P''*''"  Peripheral  nerves  are  affected 

simikily  to  the  posterior  columns  of  the  cord.     There  is  atrophy 
the  nerve  fibres  with  increase  of  the  connective  tissue.    It  is  the 
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sensory  nerves  which  are  affected,  and  chiefly  the  fine  filaments  in  the 
skin  and  joints,  but  probably  the  sensory  fibres  of  the  muscles  also. 
The  lesion  diminishes  on  passing  from  the  finer  filaments  to  the  larger 
stems.  There  are  frequently  similar  changes  in  the  Optic  nerve  and 
in  the  Ascending  root  of  the  fifth  nerve. 

Relation  of  lesion  to  function.— The  lesion  in  the  cord  and  nerves 
affects  the  sensory  tracts,  and  yet  the  most  prominent  symptom  is 
inco-ordination  of  motion.    Violent  pains  are  indeed  commonly  present 
at  an  early  stage,  and  there  is  loss  of  sensation,  more  or  less  pro- 
nounced, when  the  disease  is  fully  established.    The  inco-ordination 
is  not  a  motor  paralysis,  but  is  due  to  interference  with  the  centripetal 
nerve  fibres,  especially  those  which  connect  the  muscles  with  the  cord. 
The  ganglia  in  the  anterior  cornua  of  the  cord  are,  as  we  have  seen, 
the  immediate  centres  for  the  muscles,  being  centres  of  a  low  order 
dominated  by  higher  ones.    The  centres  are  in  relation  with  centri- 
petal fibres  and  give  off  centrifugal  ones,  thus  forming  a  complete 
nervous  system  of  a  low  order.    The  centripetal  fibres  come  to  a  large 
extent  from  the  muscles,  and  keep  the  centres  informed,  so  to  speak, 
of  the  position  and  state  of  contraction  of  the  muscles.    Any  break  in 
the  arc  will  set  the  whole  apparatus  at  a  disadvantage  and  interfere 
with  the  completeness  of  the  action.    Here  there  is  a  break  in  the 
centripetal  system,  probably  more  particularly  in  the  fibres  coming 
from  the  muscles,  as  evidenced  by  the  very  early  loss  of  muscle  reflex 
(according  to  Erb,  whenever  the  ataxia  is  developed).    In  consequence 
the  contractions  of  the  muscles  will  be  to  some  extent  at  random  and 
without  the  accurate  adjustment  which  exists  normally.  Probably 
also  the  normal  tonicity  of  the  muscles  is,  as  Lockhart  (^^l^^ke  sug- 
gested due  to  continuous  stimulation  of  the  ganglia  m  the  cord  by 
stimuli  conveyed  from  the  periphery.    The  interruption  of  the  centri- 
petal fibres  will  interfere  with  this  stimulation,  and  the  contraction  ot 
the  muscles  will  start  at  a  disadvantage.    The  absence  of  the  know- 
ledge of  the  state  of  the  muscles  which  is  implied  in  a  break  in  the 
reflex  arc  may  be  partly  compensated  by  using  the  eyes  to  direct  the 
movements,  the  motor  centres  in  the  cord  being,  as  it  were,  informed 
from  above  of  the  state  of  the  muscles.     The  occurrence  o  tru 
paralysis  indicates  that  the  neighbouring  motor  tracts  in  the  lateral 
columns  have  become  involved. 

TTntn  recently  such  were  the  views  generally  current  among  neuro-pathologists, 
Until  lecently  sucn  we  have  undergone  essential  change,  and  we  are  no 

but  our  conceptions  of  the  d  sease  have  unae  g  posterior  columns, 
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columns  must  be  considered  as  made  up  in  great  part  of  the  axons  or  axis  cylinder 
processes  of  the  cells  of  the  ganglia  of  the  posterior  roots,  and  that  the  sensory 
fibres  in  the  peripheral  nerves  represent  their  protoplasmic  processes  or  dendrons, 
and  hence  both  own  as  their  trophic  or  nutritive  centres  the  cells  of  those  ganglia. 
So  long  as  these  fibres  are  in  organic  association  with  their  trophic  centres,  and 
they  in  turn  are  in  a  normal  condition,  then  the  nutrition  of  both  sets  of  fibres  is 
unaltered  ;  but  should  the  nutrition  of  the  ganglion  cells  suffer  alteration,  then 
degenerative  changes  follow  in  those  fibres  which  go  to  form  the  posterior 
nerve  roots  and  the  posterior  columns  of  the  cord ;  such  degeneration  being 
merely  consecutive  or  sequential  and  not  a  primary  degeneration,  the  changes 
in  the  sensory  fibres  of  the  peripheral  nerves  must  be  regarded  as  a  con- 
sequence of  the  alterations  in  their  trophic  centres  in  the  ganglia  of  the  posterior 
roots.    In  support  of  such  a  view  there  is,  so  far,  not  a  great  body  of  anatomical 
proof,  but  it  is  to  be  remembered  that  it  is  anything  but  the  habit  to  examine  these 
ganglia  in  cases  coming  to  a  post-mortem  examination,  and  besides,  the  detec- 
tion of  slight  changes  either  in  them  or  in  the  nerves  is  difficult  and  uncer- 
tain.    Still,  such  changes  have  been  observed  and  figured  by  Oppenheim ;  and 
Babinski,  according  to  Marie,  in  the  year  1891,  expressed  the  opinion  that  the 
origin  of  the  degeneration  of  the  posterior  root  fibres,  and  their  continuation  in 
the  posterior  columns  of  the  cord,  was  to  be  sought  in  a  "  functional  derangement" 
of  the  trophic  centres  in  these  ganglia.    Marie,  while  not  accepting  such  an 
explanation  as  representing  the  whole  of  the  mechanism  of  the  degenerative  process 
in  tabes  is,  however,  satisfied  that  changes  do  occur  in  the  spinal  ganglia  in  all 
cases,  and  that  these  changes  are  of  the  greatest  importance  as  regards  the  origin 
of  such  degenerations.     He  is  also  inclined  to  think  that  these  same  changes 
explain,  in  part  at  least,  the  occurrence  of  the  degenerations  in  the  peripheral 
nerves  in  this  disease.    Marie,  further,  is  of  opinion  that  there  exist  what  he  terms 
peripheral  or  terminal  ganglion  cells— cells  which  in  the  process  of  development 
have  become  separated  from  the  neural  plates  and  carried  along  with  the  centri- 
fugal developing  organs,  skin,  muscles,  tendons,— from  which  certain  of  the  sensory 
fibres  are  developed,  and  which  find  their  way  through  the  ganglia  and  go  to  form 
part  of  the  posterior  nerve  roots  and  posterior  columns  of  the  cord.    Thus,  accord- 
ing to  him,  the  nerve  fibres  of  the  posterior  roots  come  from  two  distinct  genetic 
and  trophic  centres,  one  in  the  cells  of  the  corresponding  spinal  ganglia  and  the 
other  in  those  peripheral  ganglionic  cells. 

The  changes  in  the  posterior  roots  are,  in  any  case,  a  prominent  feature  in 
cases  of  tabes,  and  have  long  been  recognized ;  and,  since  the  disease  usually 
manifests  itself  first  and  chiefly  in  the  legs,  it  is  in  the  roots  of  the  cauda 
equina  and  those  of  the  lumbar  portion  of  the  cord  that  these  changes  are  most 
manifest. 

Trophic  lesions.— In  addition  to  the  conditions  already  referred  to, 
Charcot  has  called  special  attention  to  certain  trophic  lesions  which 
occasionally  occur  in  locomotor  ataxia.  These  are  of  three  kinds, 
namely,  certain  cutaneous  eruptions,  muscular  atrophy,  and  affections 
ot  the  jonits. 

The  Cutaneous  eruptions  occur  in  the  earlier  periods,  usually  coin- 
ciding with  the  attacks  of  lightning  pains,  and  they  are  in  the  form  of 
local  eruptions  of  herpes,  lichen  and  pemphigus. 
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Muscular  atrophy  is  not  very  common  in  locomotor  ataxia,  and  is  of 
late  occurrence.  The  muscles  may  waste  as  a  direct  result  of  paralysis 
— a  slow  atrophy  from  disuse.  In  some  cases,  however,  there  are 
localized  atrophies  of  special  muscles  similar  to  those  in  progressive 
muscular  atrophy  and  in  bulbar  paralysis.  In  these  cases  the  disease 
has  extended  to  the  anterior  cornua  in  which  the  cells,  of  which  the 
nerve  fibres  are  prolongations,  are  situated,  and  which  in  consequence 
have  become  destroyed. 

The  Affections  of  the  joints  consist  in  comparatively  acute  swellings, 
with  exudation,  followed  by  atrophy  of  the  ends  of  the  bones.  Dis- 
locations of  the  joints  may  occur  in  consequence.  These  trophic 
■disturbances  of  the  joints  seem,  like  those  of  the  muscles,  to  occur  in 
cases  where  the  disease  extends  to  the  anterior  cornua,  the  whole 
organs  of  locomotion  being  apparently  affected  by  the  degeneration  of 
the  motor  nerve  centres.  The  propagation  of  the  disease  to  the  anterior 
cornua,  leading  to  muscular  atrophy  or  trophic  afi"ections  of  the  joints, 
seems  to  be  not  uncommon,  and  may  occur  at  a  comparatively  early 
period.  This  can  hardly  be  regarded  as  remarkable  when  we  consider 
that  there  are,  for  purposes  of  reflex  action,  direct  connections  between 
the  posterior  root-zones  and  the  anterior  cornua. 

General  paralysis  of  the  insane  is  often  complicated  with  ataxia, 
and  the  spinal  cord  presents  sclerosis  of  the  posterior  columns  similar 
to  that  in  ordinary  ataxia. 

Friedreich's  hereditary  ataxia.— A  considerable  number  of  cases 
have  been  described  in  which  motor  inco-ordination  has  appeared  at 
an  early  age  in  several  members  of  the  same  family.  There  is,  m 
these  cases,  probably  a  congenital  faulty  development  of  the  cord, 
and  the  ataxia  is  the  consequence  rather  of  a  degenerative  than  of 
an  inflammatory  process. 

The  lesion  is  not  confined  to  the  posterior  columns,  but  afi"ects  also 
the  lateral  columns,  involving  usually  the  pyramidal  and  the  direct 
cerebellar  tracts,  and  sometimes  extending  forward  at  the  periphery  of 
the  cord.  There  seems  little  tendency  to  extension  to  the  grey  matter, 
and  hence  proper  paralysis  and  muscular  atrophy  as  well  as  anesthesia 
are  uncommon.  There  is  seldom  any  evidence  of  irritation  m  the 
sensory  fibres  such  as  we  have  in  ordinary  ataxia,  evidenced  by  the 
lightning  pains. 

The  sclerosis  of  the  posterior  columns  is  similar  to  that  m  tabes, 
and  as  in  that  condition  the  posterior  nerve  roots  are  also  implicated. 
According  to  Gowers  the  degeneration  of  the  lateral  columns  always 
involves  the  pyramidal  fibres;  but  Marie,  although  admitting  that  the 
lesion  occupies  the  position  of  the  lateral  columns,  disputes  that  it  is  the 
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crossed  pyramidal  fibres  which  are  actually  implicated  in  the  change.. 
The  direct  cerebellar  tract  and  Gower's  tract  are  also  involved. 

The  disease  frequently  extends  upwards  to  the  medulla  oblongata^ 
as  evidenced  by  the  occurrence  of  disturbance  of  speech  and  nystagmus^ 
Atrophy  of  the  cerebellum,  pons,  and  olivary  body  have  been  described 
in  one  case. 

2.  Spontaneous  or  primary  lateral  sclerosis  (Erb's  Spastic  paralysis). — 
In  1875  Erb  described  a  condition  characterized  clinically  by  paresis- 
and  spasm  or  rigidity  in  the  inferior  extremities,  without  loss  or 
impairment  of  sensation,  and  expressed  the  opinion  that  this  depended 
on  a  primary  degenerative  change  in  the  pyramidal  fibres  of  the  lateral 
columns  of  the  cord.  Since  then  this  condition  has  been  very  frequently 
observed  clinically,  and  has  been  the  subject  of  much  discussion.  For  a 
long  time  no  indubitable  anatomical  evidence  was  forthcoming  in  sup- 
port of  the  view  advanced  by  Erb,  and  indeed,  even  now  if  we  were  to- 
confine  ourselves  to  such  cases  occurring  in  the  adult,  the  anatomical 
evidence  is  exceedingly  meagre,  nor  has  an  absolutely  conclusive  demon- 
stration of  the  condition  been  furnished.  Still  a  case  published  by 
Dreschfeld  in  1881  and  another  by  Striimpell  in  1894  almost  satisfy 
the  conditions.  Although  not  infrequently  observed  clinically  it  is  only 
rarely  that  such  cases  come  to  post-mortem  examination,  since  the 
disease  does  not  tend  much  to  shorten  life  ;  and  for  long  such  autopsies 
as  were  obtained  where  the  diagnosis  of  this  condition  had  been  made 
during  life,  gave  no  confirmation  of  its  separate  existence,  but  merely 
showed  this  condition  to  be  part  of,  it  might  be,  a  disseminated  sclerosis 
or  a  secondary  degenerative  change  in  the  course  of  some  form  of 
myelitis.  Westphal  and  some  others  have  found  a  state  of  things  which 
almost  satisfies  the  conditions  in  some  cases  of  paretic  dementia. 

The  symptoms  already  referred  to  as  characteristic  of  descending 
sclerosis  are  here  very  pronounced,  namely,  spasm  of  the  muscles, 
chiefly  of  the  lower  extremities,  with  exaggerated  tendon  reflex. 
There  is  also,  of  course,  paralysis. 

The  sclerosis  is  alleged  to  be  primary  or  spontaneous  and  implicates 
both  pyramidal  tracts,  having  thus  a  distribution  like  that  in  the 
descending  degenerations  already  described  ;  but  here  it  usually  begins 
in  the  lumbar  region  of  the  cord,  and  both  lateral  tracts  are  simul- 
taneously attacked.  Occasionally  there  is  an  associated  degeneration 
of  the  cells  of  the  anterior  cornua,  and  in  that  case  there  is  muscular 
atrophy  in  addition  to  the  other  phenomena.  To  conditions  of  this 
kmd,  Charcot  has  given  the  name  Amyotrophic  lateral  sclerosis. 

3.  Postero-lateral  sclerosis  {Ataxic  paraplegia).— Clmic&Wy  cases 
occur  which  present  a  combination  of  paraplegic  weakness  with  spasm 
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and  ataxy,  and  in  which  the  pathological  findings  are  a  combined 
sclerosis  of  the  lateral  and  posterior  columns  of  the  cord.  The  extent 
of  the  degeneration  is,  however,  subject  to  a  good  deal  of  variation, 
and  the  clinical  characters  are  also  subject  to  considerable  variety, 
so  that  a  given  case  may  exhibit  signs  closely  allied  to  either  spastic 
paraplegia  or  locomotor  ataxy  ;  still  in  the  great  majority  of  cases  the 
condition  is  sufficiently  distinctive  clinically  to  be  easily  recognized. 
The  sclerosis  in  the  posterior  columns  differs,  however,  from  that 
in  tabes,  in  that  it  is  usually  less  marked  in  the  lumbar  region 
than  in  the  dorsal,  and  it  has  not  its  location  specially  in  the  root- 
zones  of  the  postero-external  columns.  The  degeneration  in  the  lateral 
columns  may  also  extend  at  times  beyond  the  pyramidal  tract  and 
occasionally  even  the  direct  cerebellar  tract  may  be  invaded. 

4.  Acute  ascending  paralysis  {Landry's  paralysis).— In  this  disease 
there  is  a  rapidly  extending  paralysis,  commencing  in  the  legs,  extending 
to  the  trunk  and  arms,  and  usually  causing  death  in  a  few  days.  It  is  how- 
ever not  always  fatal.  The  path ological  findings  in  this  disease  have  been 
very  various.    Sometimes  the  most  exhaustive  and  skilled  examination 
has  failed  to  discover  any  changes  either  in  the  peripheral  or  central 
nervous  system  or  in  the  muscles,  while  in  others  vascular  engorgement 
and  exudation  of  leucocytes  have  been  found  around  the  vessels 
in  the  spinal  cord;  and  recently  MM.  Pierre  Marie  and  Marinesco 
(1895)  have  found  softening  of  the  grey  substance  of  the  anterior 
horns  in  the  lumbar  region,  with  great  infiltration  of  leucocytes  round 
the  vessels,  the  walls  of  which  were  also  infiltrated.    In  the  posterior 
horns  what  was  practically  the  same  condition  was  noted.    By  Nissl's 
method  of  staining,  the  ganglion  cells  which  remained  in  the  ventral 
•cornua  were  found  to  be  swollen,  their  contour  was  indistinct  and  there 
were  changes  in  the  chromatic  substance.    Cultures  obtained  from 
Ararious  parts  of  the  central  nervous  system  indicated  the  presence  of 
microbes,  some  of  which  had  resemblances  to  the  bacillus  of  splenic 
fever  •  others  were  probably  streptococci.    The  nerves  showed  no 
•change    Bailey  and  Ewing  (1896)  also  report  capillary  hemorrhages 
and  circumvascular  infiltration  in  the  grey  substance  of  the  cord  and 
•changes  in  the  ganglion  cells,  but  they  failed  to  obtain  any  results 
from  culture  experiments.    Other  observers  have  reported  changes, 
both  paxenchymatous  and  interstitial,  in  the  peripheral  nerves.  Lhe 
spleen,  the  mesenteric  glands,  and  the  closed  follicles  of  the  intes- 
tfnes  have  been  found  enlarged.     All  the  facts  seem  to  point  to 
the  disease  being  the  result  of  some  toxin  which  has  an  elective  affinit^y 
for  the  motor  neurons  of  the  spinal  cord,  sometimes  exertmg  it 
harmful  influence  on  the  cells  themselves  more  particularly,  at  othei 
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times  influencing  mainly  their  prolongations  in  the  peripheral  nerves, 
but  what  the  agent  producing  the  toxin  is,  is  at  present  undetermined. 
Eoss  and  others  regard  the  disease  as  a  form  of  peripheral  neuritis. 

5.  Poliomyelitis  anterior  acutai  {Infantile  Paralysis,  Acute  Atrophic 
Spinal  Parrt^^/s^s).— Causation.— The  features  of  this  disease  at  the 
outset  are  those  of  an  acute  inflammation  accompanied  by  marked 
general  disturbance  of  health.  These  suggest  a  morbid  poison  acting 
on  the  body  generally  but  selecting,  as  such  agents  do,  a  special  locality 
for  its  action.  Nothing  is  known  as  to  the  nature  of  the  agent.  The 
fact  may  be  noted  that  the  disease  is  much  more  frequent  in  the  hotter 
months  of  the  year  than  in  the  others,  and  it  is  known  to  occur 
occasionally  in  epidemic  form.  Medin  expresses  the  belief  that  it  is 
due  to  some  infection,  at  present  undetermined,  capable  of  communi- 
cation from  person  to  person,  although  he  holds  that  such  a  mode  of 
infection  is  most  unusual.  It  is  a  disease  mostly  of  children,  although 
not  unknown  in  the  adult. 

The  disease  is  an  acute  inflammation  of  the  grey  substance  of  the 
anterior  cornua  of  the  cord.  In  a  case  observed  by  Drummond  where 
a  child  died  after  a  few  hours'  illness,  there  was  redness  of  the  anterior 
cornua,  with  minute  extravasations,  swelling  of  the  ganglion  cells,  etc. 
In  later  cases,  but  still  comparatively  early,  the  anterior  cornua  are  seen 
under  the  microscope  to  be  altered,  not  continuously,  but  in  patches. 
They  contain  numerous  round  cells  and  compound  granular  corpuscles. 
The  ganglion  cells  in  certain  of  the  groups  have  disappeared  or  have 
shrunk  considerably.  At  the  periphery  of  the  aff'ected  patches  round 
cells  are  aggregated,  and  there  is  already  some  shrinking  of  the  patches. 
The  condition  is  most  manifest  in  the  lumbar  and  cervical  enlargements. 
The  anterior  roots  are  also  somewhat  atrophied,  and  show  evidences  of 
degenerative  changes. 

Many  cases  have  been  examined  years  after  the  onset  of  the  disease, 
at  intervals  varying  from  seventeen  to  sixty-one  years,  and  the  changes 
in  the  aff'ected  parts  have  been  very  obvious  even  to  the  naked  eye. 
These  consist  of  sclerosis  with  shrinking,  mainly  of  the  anterior  grey 
cornua,  but  also  of  the  anterior  and  antero-lateral  columns  of  white 
substance  (see  Fig.  460).  These  changes  are  very  manifest  when  the 
cord  has  been  hardened  and  fine  transverse  sections  made.  The 
shrinking  of  the  horn  affects  certain  of  the  groups  of  cells  specially, 
and  the  shrunken  part  consists  largely  of  connective  tissue  in  which 
there  are  visible  no  ganglion  cells  or  only  deformed  and  pigmented 
ones.  Connective  tissue  with  abundant  nuclei  and  enormous  numbers 
of  amyloid  bodies  are  visible.  The  lesion  in  the  anterior  cornua  is  by 
no  means  homogeneous  or  symmetrical.    One  cornu  may  be  atrophied 
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and  the  other  normal,  and  on  examining  sections  at  different  levels 
there  is  great  variety  in  the  longitudinal  distribution.  The  anterior 
roots  are  also  atrophied  at  the  parts  corresponding  to  the  most  affected 
portions  of  the  cord,  and  they  may  appear  to  the  naked  eye  small  and 
grey. 


Fig  4B0  —Anterior  poliomyelitis.  The  right  anterior  comu  in  the  cervical  region 
is  shrunken,  and  there  is  atrophy  of  all  the  white  columns  on  that  side.  From  a 
woman,  aged  50,  who  was  the  subject  of  infantile  paralysis  of  the  right  ai-m. 
(Charcot.) 

The  disease  usually  begins  acutely,  and  the  paralysis  generally 
assumes  its  full  development  almost  at  once.  This  extensive  paralysis 
seems  due  in  part  to  pressure  by  the  distended  vessels  and  inflammatory 
exudation,  and  in  some  cases  by  extra vasated  blood.  In  this  period 
some  ganglion  cells  may  be  destroyed,  but  those  not  absolutely 
destroyed  may  recover  as  the  acute  inflammation  passes  off".  In  many 
parts  the  inflammation  is  slight,  and  subsides  completely  ;  in  others  it  is 
severe  and  goes  on  to  sclerosis,  and  there  is  permanent  destruction  of 
the  ganglion  cells.  Hence  it  is  that  a  paralysis  which  has  been  at  first 
almost  universal  may  be  recovered  from  almost  completely.  The 
improvement  goes  on  till  all  the  cells  which  are  capable  of  it  have 
recovered  and  there  is  a  residue  which  have  been  permanently  lost  and 
cannot  be  restored.  These  permanently  lost  cells  represent  single 
muscles  and  groups  of  muscles,  and  there  is  a  corresponding  localized 

^TrlTic  Changes  in  muscles,  etc.-The  centres  which  have  the  direct 
control  of  the  contractions  of  the  individual  muscles  are  probably  the 
centres  which  command  the  nutrition  of  the  muscles  and  their  nerves. 
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For  the  permanently  paralyzed  muscles  soon  undergo  a  marked  and 
rapid  atrophy,  and  the  fibres  of  the  anterior  roots  also  degenerate. 
The  muscular  atrophy  is  not  simply  from  disuse,  for  it  is  much  greater 
and  more  rapid  than  in  cases  of  paralysis  where  the  anterior  cornua  are 
not  affected.   The  muscles  rapidly  get  soft  and  emaciated.    Besides  the 
loss  of  substance  there  may  be  proliferation  of  the  nuclei  of  the  inter- 
stitial connective  tissue,  and  an  increase  in  this  tissue ;  sometimes  there 
is  infiltration  of  fat  in  the  interstitial  tissue,  so  that  the  muscle  may 
appear  less  atrophied  than  it  in  reality  is.    The  defective  development 
of  the  bones  and  joints  met  with  may  be  partly  from  disuse,  but  also 
probably  to  some  extent  from  destruction  of  trophic  centres.  The 
bones  of  the  paralyzed  part  do  not  grow  normally,  and  the  articulations 
are  imperfectly  adjusted.    Certain  deformities  ensue,  the  commonest 
and  most  prominent  of  which  is  club-foot.    Curvature  of  the  spine  is 
also  a  comparatively  frequent  result.     All  through  the  disease  the 
patient  may  maintain  good  general  health,  and  after  recovery  from  the 
initial  fever  he  may  present  nothing  abnormal  but  the  paralysis  and 
atrophy.    Through  time  he  learns  to  use  his  remaining  muscles  to  the 
best  advantage,  and  may  pass  through  a  long  life  maimed  by  the  infan- 
tile attack. 

Although  most  common  in  children  a  good  many  cases  of  this 
disease  have  now  been  recorded  in  Adults.  Here  also  it  is  ushered 
in  by  acute  symptoms  such  as  fever,  pain  in  back  and  extremities, 
vomiting,  headache.  The  paralysis  develops  mostly  in  a  few  hours, 
but  it  may  be  as  late  as  a  day  or  two.  After  a  time  recovery  begins, 
and  is  more  frequently  complete  than  in  the  case  of  children.  It  is 
frequently  incomplete,  and  then  we  have  paralytic  deformities,  which, 
however,  as  the  bones  are  fully  formed,  are  not  so  striking  as  in  the 
case  of  children.  Here,  also,  there  is  rapid  atrophy  of  the  muscles, 
which  is  not  so  liable  to  be  concealed  by  fatty  infiltration  as  in  the  case 
of  children. 

6.  Poliomyelitis  anterior  subacuta.— This  disease  is  a  rare  one,  and, 
as  the  symptoms  closely  resemble  those  of  multiple  neuritis,  the  dis- 
crimination of  cases  is  not  easy.  The  principal  feature  is  the  occurrence 
with  httle  or  no  disturbance  of  the  general  health,  of  a  motor  paralysis' 
extending,  in  the  course  of  a  few  days  or  weeks,  to  the  entire  lower 
imbs  and  then  rapidly  to  the  upper.     It  rarely  takes  the  opposite 

tTKT.  r''^''  ^''^^^^  '^^'^  ^'^ft  lose  their  reflex 
H^ritabihty,  and  they  rapidly  atrophy.     There  have  been  few  post- 

'^'y  '''^  to  show  a  chronic  inflammation 

dhlTl  r*'""'  ^'^^        °f       g^»Slio^  «ells.  The 

disease  is  frequently  recovered  from,  but  recovery  is  slow,  and  complete 
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restitution  may  take  years.   On  the  other  hand,  the  disease  may  extend 
upwards  and  produce  death. 

7.  Poliomyelitis  anterior  chronica.    Progressive  muscular  atrophy. 

—In  its  clinical  aspects  the  main  feature  is  a  gradually  progressive 
atrophy  and  consequent  paralysis  of  the  muscles.  It  very  commonly 
begins  in  the  muscles  of  the  hand,  but  progresses  from  one  muscle  to 
another  till  the  death  of  the  patient.  In  its  later  stages  it  frequently 
becomes  associated  with  a  corresponding  form  of  disease  of  the  medulla 
oblongata,  namely,  bulbar  paralysis,  to  be  considered  next. 

In  the  muscles  the  change  consists  in  what  may  be  regarded  as  a 
chronic  inflammation.    The  muscle-nuclei  increase  in  number,  and  as 
the  contractile  substance  diminishes,  the  sarcolemma  may  come  to  be 
filled  with  cells,  the  result  of  this  proliferation  of  the  muscle-nuclei. 
At  the  same  time  the  interstitial  connective  tissue  shows  active  changes, 
increase  of  nuclei,  and  new-formation  of  connective  tissue.     In  the 
muscular  substance  various  forms  of  degeneration  have  been  observed, 
chiefly  fatty  and  hyaline  or  simple  atrophy.    In  any  case  the  muscular 
fibres  are  lost  by  degrees  and  the  connective  tissue  increased,  but  not 
sufficiently  to  make  up  the  bulk  of  the  lost  muscular  substance.  Some- 
times a  fatty  infiltration  of  the  connective  tissue  occurs,  so  that  adipose 
tissue  comes  to  occupy  the  place  of  the  muscle  to  a  large  extent.  This 
change  if  it  occurs,  is  only  local,  and  pure  atrophy  may  exist  side  by 
side  with  atrophy  with  formation  of  adipose  tissue.    This  formation  of 
adipose  tissue  is  mostly  a  late,  and  by  no  means  a  characteristic, 
occurrence  in  this  disease. 

In  the  Spinal  cord  the  essential  changes  are  in  the  anterior  cornua, 
but  in  most  cases  the  pyramidal  tracts  are  also  involved.  The  lesion 
in  the  anterior  cornua  consists  in  a  gradual  atrophy  of  the  large  gang- 
lion cells,  affecting  the  parts  corresponding  with  the  atrophied  muscles. 
These  cells  may  have  entirely  disappeared  or  there  may  remam  only 
small  angular  bodies  representing  them.  There  is  at  the  same  time  an 
increase  of  the  connective  tissue,  so  that  there  is  little  change  m  the 
size  or  shape  of  the  cornu. 

According  to  Boss,  the  central  grey  column  (the  grey  substance  on  ej^th^-  ^^e  of 
thrcrtml  canal)  is  most  affected,  being  traversed  by  large  canals  and  fibnllated. 

The  Pyramidal  tracts,  both  those  in  the  lateral  and  those  in  the 
anterior  eolun,ns,  are  affected  probably  in  all  cases  (Gowers),  and  the 
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The  nerve  fibres  may 


lesion  has  been  traced  up  through  the  medulla  oblongata,  pons,  peduncles, 
internal  capsule,  and  corona  radiata  to  the  motor  convolutions  of  the 
brain,  where  the  large  ganglion  cells  have  been  observed  to  be 
atrophied. 

The  Anterior  nerve-roots  are  also  atrophied, 
have  almost  entirely  disappeared, 
and  the  nerves  may  be  almost  re- 
placed by  connective  tissue.  The 
degeneration  exists  throughout  the 
peripheral  distribution  of  these 
nerves,  and  the  terminal  fibres  in 
the  atrophied  muscles  are  greatly 
altered. 


Leyden  has  recorded  a  ease  of  progres- 
sive muscular  atrophy  in  which  there  was 
the  peculiar  condition  of  the  cord  desig- 
nated Syringomyelia.    (See  further  on.) 

Relation  of  lesion  to  function. — 

In  this  disease  we  have  a  degenera- 
tion or  chronic  inflammation  affect- 
ing the  motor  system,  chiefly  in  its 
lower  parts;  in  other  words,  there 
is  a  degeneration  of  the  spinal  motor 
neuron.  The  disease  centres  in 
the  ganglion  cells  of  the  anterior 


Fig.  461. — Progi-essive  muscular  atrophy— 
sectiou  of  cord  in  cervical  region,  from  an 
advanced  case.  The  central  portion  of  gi-ey 
substance  is  fibiillated  ;  the  median  group  of 
cells  has  disappeared,  and  the  other  groups 
are  atrophied.  (Ross.) 


cornua,  but  it  aff"ects  the  nerve 
fibres  arising  from  these,  which  are 
really  prolongations  of  their  processes,  and  in  most  cases  also  the  pyra- 
midal tracts  above  them.  The  degeneration  of  the  pyramidal  tracts 
IS  not  to  be  regarded  as  in  any  sense  secondary,  but  as  part  of  the 
prolonged  lesion  of  the  motor  system.  Indeed  the  order  in  which  the 
diff-erent  parts  are  involved  varies  somewhat,  and  we  may  have  the 
pyramidal  tracts,  at  least  in  some  parts  of  their  course,  affected  in 
advance  of  the  anterior  cornua,  although  this  is  not  common.  We 
have  already  seen  that  spasm  of  the  muscles  is  the  characteristic  result 
ot  degeneration  of  the  pyramidal  tracts,  but  this  can  only  occur  when 
the  anterior  cornua  are  unaffected.  Hence  in  this  disease  rigidity  of 
the  muscles  is  not  common,  although  in  some  cases  it  does  occur  locally, 
especially  in  the  legs.  Charcot  has  endeavoured  to  group  this  class 
01  cases  separately  on  the  supposition  that  in  them  the  lesion  has 
oe^n  m  the_  pyramidal  tracts,  but  it  is  doubtful  whether  this  is  a 
suflicient  basis  of  distinction.     In  this  latter  class  spastic  paralysis 
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precedes  the  wasting,  and  Charcot,  as  we  have  seen,  has  applied  the 
designation  Amyotrophic  lateral  sclerosis  to  such  cases. 

But  in  most  cases  the  anterior  cornua  are  affected  before  or  simul- 
taneously with  the  pyramidal  tracts,  hence  there  will  usually  be  no 
evidence  during  life  of  the  affection  of  the  latter. 

8.  Bulbar  paralysis  or  Glosso-labio-laryngeal  paralysis.— This 
condition  is  called  bulbar  paralysis  from  the  fact  that  the  part  affected 
is  the  medulla  oblongata,  which  is  frequently  designated  the  bulb. 
There  is  progressive  atrophy  and  paralysis  of  muscles  supplied  from  the 
medulla  oblongata.  The  muscles  are  mainly  those  of  the  tongue,  lips, 
arches  of  palate,  pharynx,  and  larynx,  and  in  consequence  there  is 
progressive  interference  with  articulation,  chewing,  swallowing,  and 
even  with  the  production  of  the  voice.  The  disease  may  pass  on  later 
to  affect  the  more  vital  functions  of  the  medulla  oblongata,  e.g.  those 
concerned  in  respiration,  etc. 

We  have  already  seen  in  connection  with  the  normal  structure  of  the 
medulla  oblongata  that,  on  passing  from  the  cord,  the  grey  substance  is 

dislocated  backwards,  and  that  in 
the  posterior  region  of  the  medulla  a 
set  of  grey  nuclei  appear,  which,  as 
the  spinal  canal  opens  up  in  the 
fourth  ventricle,  present  themselves 
in  the  floor  of  that  ventricle.  These 
nuclei  are  mainly  motor,  correspond- 
ing with  the  anterior  cornua,  and 
they  form  the  immediate  centres  for 
cerebral  nerves  (see  Fig.  462).  In  the 
lower  half  of  the  fourth  ventricle  we 
find  the  hypoglossal  nucleus  (xii') 
occupying  the  part  next  the  middle  line.    Outside  it  there  is  the 
spinal  accessory  nucleus  which  begins  in  the  cord,  and  does  not  extend 
far  up  in  the  floor  of  the  ventricle  ;  it  is  not  shown  in  the  figure,  but 
gives  place  to  the  nucleus  of  the  pneumogastric  or  vagus  (x').  Outside 
the  vagus  appears  the  glosso-pharyngeal,  which  partially  divides  the 
vagus  nucleus  into  two.  As  we  pass  upwards  the  vagus  nucleus  becomes 
smaller  and  the  hypoglossal  and  glosso-pharyngeal  approximate  to  each 
other.   Above  that  again  come  in  the  nucleus  of  the  sixth  (the  abducens) 
in  the  middle  line,  and  outside  that  the  motor  nucleus  of  the  fifth  and 
that  of  the  facial.    Outside  these  again  are  sensory  nuclei,  those  of  the 
acoustic  and  of  the  fifth. 

In  bulbar  paralysis  there  is  atrophy  of  these  grey  nuclei.    It  is 
seldom  that  opportunity  is  afforded  of  examining  the  medulla  in  recent 


Fig.  462. — Medulla  oblongata  at  the  level 
of  the  fourth  ventricle,  showing  the  position 
of  the  grey  nuclei.  (Quain.) 
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stages,  but  according  to  Benedikt,  who  had  such  an  opportunity,  there 
are  definite  signs  of  inflammation — hypersemia,  thickening  of  the  walls 
of  the  vessels,  and  numerous  round  cells.  In  later  periods  increase  of 
the  connective  tissue,  with  round^  cells  and  amyloid  bodies,  have  been 
observed.  These  changes  centre  in  the  nucleus  of  the  hypoglossal,  and 
this  nucleus  is  usually  most  seriously  damaged,  but  they  pass  soon  to 
the  accessory  and  vagus,  while  the  glosso-pharyngeal  sometimes,  but 
not  usually,  escapes.  The  nucleus  of  the  facial  is  often  attacked,  and 
sometimes  that  of  the  motor  branch  of  the  fifth.  The  disease  seldom 
extends  to  the  sixth  nerve,  and  never  attacks  the  sensory,  nuclei  of  the 
acoustic  and  fifth  nerves. 

There  is  in  many  cases  degeneration  of  the  nerve  fibres  in  the 
anterior  pyramids  similar  to  that  in  the  pyramidal  tracts  in  progressive 
muscular  atrophy.  There  is  reason  to  believe  that  in  some  cases 
the  lesion  is  supra-nuclear,  that  is,  in  the  fibres  which  connect 
these  with  the  motor  region  of  the  cerebral  cortex,  or  at  least  in 
the  terminations  of  these  fibres  in  the  nuclei,  so  that  the  aff"ection 
is,  in  such  cases,  really  one  of  the  upper  segment  of  the  cerebro-spinal 
axis,  or  of  the  upper  motor  neuron ;  in  this  latter  case  there  is  no 
obvious  wasting  of  muscles,  and  the  disease  would  be  analogous  to 
lateral  sclerosis  of  the  cord  rather  than  to  progressive  muscular  atrophy. 

The  corresponding  nerves  usually  show  considerable  atrophy,  especially 
the  hypoglossal,  and  next  to  it  the  spinal  accessory,  vagus,  and  glosso- 
pharyngeal. In  them  may  be  found  a  fatty  degeneration  involving 
destruction  of  the  medullary  sheath  and  subsequent  overgrowth  of 
connective  tissue.  In  this  way  the  nerve-root  may  come  to  be  almost 
nothing  but  a  connective-tissue  strand. 

In  the  aff^ected  muscles  the  change  is  exactly  parallel  to  that  in 
progressive  muscular  atrophy,  with  which  sooner  or  later  this  disease  is 
so  frequently  associated.  There  is  increase  of  the  muscle-nuclei  and 
connective  tissue,  with  destruction  of  the  proper  contractile  substance 
and  consequent  atrophy  of  the  muscle  as  a  whole.  Thus  the  tongue' 
palatme  arches,  lips,  pharynx,  and  larynx  may  have  their  muscles 
markedly  atrophied.  Sometimes  also  the  muscles  of  the  neck,  especially 
the  trapezius  (supplied  by  the  spinal  accessory),  are  affected.  In  some 
cases  the  atrophy  is  obscured,  as  in  progressive  muscular  atrophy  by 
the  mterstitial  tissue  becoming  adipose. 

thi!'  paraly8is.-Perhaps  it  may  be  well  to  mention  in 

tb  s  place  a  condition  known  by  the  above  name,  which,  although 

^iZTicttV:  ^''^'^^''y  - 
t:^n:!:^:c:    '^^^  '^^^^^  ^^^^^^^^^  ^^^^ 
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It  is  a  "  bulbar  paralysis  "  of  cerebral  origin,  or,  in  other  words,  there 
is  paralysis  of  the  lips,  tongue,  and  larynx,  parts  which,  as  we  have  just 
seen,  have  their  lower  centres  in  the  "bulb";  but  unlike  the  last 
group,  where  these  centres  have  suffered  degenerative  change,  in  this 
the  lesion  is  a  bilateral  one  affecting  the  centres  for  those  parts  in  the 
cortex — the  lower  part  of  the.  ascending  frontal  convolution,  or  about 
the  knee  of  the  internal  capsule.  Although  the  lesion  is  usually  a 
bilateral  one,  in  several  instances  it  has  been  unilateral. 

10.  Pseudo-hypertrophic  paralysis. — The  resemblance  of  this  disease 
to  progressive  muscular  atrophy  strongly  suggests  that  it  is  primarily 
due  to  a  lesion  in  the  spinal  cord.  But  repeated  examinations  of  the  . 
cord  have  shown  no  constant  lesion  there,  and  in  most  cases  the  anterior 
cornua  have  been  found  intact.  The  muscular  nerves  are  also  appar- 
ently unaffected,  and  the  general  opinion  is  now  that  it  is  a  primary 
disease  of  the  muscular  system.    It  occurs  mostly  in  childhood. 

The  disease  is  due  to  a  local  constitutional  fault  which,  like  most 
constitutional  peculiarities,  is  hereditary.  Its  hereditary  nature  is 
shown  by  its  occurrence,  in  many  instances,  in  several  members  of  the 
same  family.  There  is  not  apparently  an  inheritance  of  the  disease, 
but  there  seems  to  be  some  condition  in  the  parents  which  leads  to  the 
development  of  the  disease  in  the  offspring.  Considering  the  close 
relationship  in  function  and  even  in  nutrition  between  the  nervous 
system  and  the  muscles,  as  shown  by  the  affections  already  described, 
it  is  perhaps  justifiable  to  consider  this  disease  along  with  those  of  the 
spinal  cord. 

'  In  many  forms  of  disease  in  which  the  muscles  are  disused  or 
paralyzed  there  is  an  overgrowth  of  the  interstitial  connective  tissue, 
sometimes  with  excessive  development  of  fat.  We  have  noted  this  in 
some  of  the  affections  considered  above,  and  it  occurs  also  when  the 
muscles  are  disused  by  reason  of  fixation  of  joints,  etc.  (See  under 
Fatty  Infiltration.) 

In  the  present  disease  there  is  an  apparently  spontaneous  atrophy  ot 
the  muscular  substance  with  a  new-formation  of  connective  and  adipose 
tissue  between  the  muscular  fibres.  The  new-formation,  at  least  in 
some  situations,  usually  more  than  compensates  in  bulk  for  the  atrophy, 
and  there  is  an  apparent  hypertrophy  of  the  muscle  as  a  whole.  By 
the  time  the  patient  dies  there  is  generally  a  very  extraordinary  and 
widely  distributed  affection  of  the  muscular  system.  Many  of  the 
muscles  on  being  cut  into  look  like  pieces  of  fat  in  which  to  the  naked 
eye  no  trace  of  muscular  tissue  is  visible.  Undei-  the  microscope  occa- 
sional narrowed  muscular  fibres  may  be  visible  in  the  midst  o  the  adipose 
tissue  (see  Fig.  463),  usually  accompanied  by  strands  of  connective 


TUMOURS  OF  CORD  AND  MEDULLA. 


727 


tissue.  The  muscular  fibres,  although  varying  in  size  and  in  general 
greatly  narrowed,  for  the  most  part  preserve- their  transverse  striation. 
In  some  situations  the  fat  may  have,  to  a  large  extent,  disappeared,  so 
that  fibrous  tissue  replaces  the  muscle. 


Fig.  463. — Muscle  in  pseudo-hypertrophio  paralysis.  There  is  chiefly  adipose  tissue 
with  a  few  atrophied  muscular  fibres. 

An  idiopathic  muscular  atrophy  has  been  described  in  which  the  wasting  of  the 
muscles  has  not  been  associated  with  increase  of  connective  tissue  or  fat.  This 
condition  shows  many  analogies  with  that  described  above,  occurring  like  it  in 
several  members  of  the  same  family,  but  not  generally  beginning  in  childhood. 

Peroneal  type  of  muscular  atrophy  (Progressive  neural  muscular  atrophy). — In 
addition  to  the  forms  mentioned  there  is  still  another,  which  has  been  recently 
separated  and  described  by  Charcot  and  Marie  in  France,  and  in  this  country  by 
Howard  Tooth.  It  begins  symmetrically,  commonly  in  the  peroneal  muscles  of  the 
legs,  or  in  the  extensor  muscles  of  the  toes,  and  usually  results  in  a  deformity  like 
club-foot.  After  the  leg  muscles  the  thigh  muscles  are  involved,  and  only  after 
years  the  arms,  the  small  muscles  of  the  hands  being  the  first  to  suffer. 

It  is  sometimes  hereditary,  and  occurs  mostly  in  males  about  the  time  of  puberty. 
It  holds  an  intermediate  position  between  the  forms  due  to  changes  in  the  central 
nervous  system  and  those  of  purely  muscular  origin,  and  it  is  probably  due  to  a 
neuritis. 


III.— TUMOURS,  SPECIFIC  INFLAMMATIONS,  AND  PARASITES 

OF  THE  CORD. 

Tumours  of  the  cord  and  medulla  proper  are  very  rare,  but  it  is  not 
uncommon  to  find  tumours  of  the  meninges,  and  even  of  the  bones, 
affecting  the  cord  by  pressure.  The  tumours  of  the  meninges  fall  to  be 
considered  along  with  those  of  the  membranes  of  the  brain  in  a  different 
section.    We  have  here  to  do  with  those  which  involve  the  cord  itself. 

Of  the  tumours  of  the  cord  proper  the  Glioma  is  the  most  important. 
It  arises  usually  in  the  central  part  of  the  cord  in  the  tissue  around  the 
central  canal,  this  tissue  being  mainly  neuroglia.  It  may  occupy  a 
limited  space,  but  sometimes  it  has  a  great  longitudinal  extension,  even 
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to  almost  the  entire  length  of  the  cord.  The  cord  is  swollen,  and,  as 
the  tumour-tissue  is  of  nearly  the  same  colour  and  consistence  as  the 
grey  matter,  the  boundaries  of  the  tumour  may  be  indistinct.  The 
glioma  is  sometimes  associated  with  dilatations  of  the  central  canal  and 
with  malformations  of  the  cord  which  will  be  considered  further  on. 
(See  Syringomyelia.) 

Myxoma  and  Sarcoma,  usually  glio-sarcoma,  but  in  one  case  a  proper 
spindle-celled  sarcoma  have  also  been  observed.  A  case  has  been 
recorded  by  G-anguillet  of  a  so-called  Cylindroma,  in  which  there  were 
branching  bodies  whose  ramifications  presented  gelatinous  mantles. 

The  Solitary  scrofulous  tubercle  is  much  less  common  in  the  cord 
than  in  the  brain.  It  forms  a  hard  cheesy  mass,  usually  with  a  softer 
zone  of  tissue  around  it.  The  larger  ones  have  usually  their  seat  in 
the  lumbar  portion  of  the  cord. 

Syphilis  seldom  gives  rise  to  proper  gummata.  When  it  does  so  the 
tumour,  here  as  in  the  brain,  takes  origin  in  the  meninges,  and  is  hence 
at  first  superficial,  although  it  may  subsequently  extend  into  the  sub- 
stance of  the  cord.  The  membranes  over  it  are  thickened  and  usually 
adherent. 

Cysts  do  not  occur  in  the  cord  as  independent  formations,  but  a 
cystic  condition  will  be  described  further  on  as  Hydromyelia  and 
Syringomyelia. 

Echinococcus  and  Cysticercus  are  exceedingly  rare  in  the  cord. 

All  forms  of  tumour,  whether  of  the  cord  or  meninges,  are  liable 
to  interrupt  the  conduction  of  the  cord,  and  so  to  produce  paralysis. 
There  will  be  also  the  usual  ascending  and  descending  secondary 
degenerations. 

Literature.— ^Sc^eJ-osis  of  posterior  columns— Todd,  Cyclopsedia  of  anat.  and 
physioL,  1847,  iii.,  721;  Eeynolds,  Diagnosis  of  dis.  of  brain,  etc.,  1855;  Ttjeck, 
Prim.  Degener.  einzelner  Kuckenmarksstriinge,  1856;  Duchennb,  Arch.  g6n.  de 
m6d.,  1858;  Chaecot,  Lect.  on  dis.  of  nervous  syst.,  2nd  ser.,  Syd.  Soc.  transl., 
1881;  Leyden,  Die  graue  Degen.  der  Hinterstriinge  des  Eiickenmarks,  1863;  Ebb, 
loc.  cit.,  1878;  Gowebs  (Syphilis  as  cause),  Brit.  Med.  Jour.,  i.,  1879;  Erb,  Arch, 
f.  klin.  Med.,  July,  1879;  Lockhaet  Clabke,  St.  Geo.  Hosp.  Eep.,  1886,  i.,  p.  71, 
and  Brit.  Med.  Jour.,  1869  ;  Pieeret  (Affection  of  posterior  roots),  Arch.  d.  Physiol., 
1870,  iii.,  599,  and  Gaz.  m^d.  de  Paris,  1882;  Trans,  of  Internat.  med.  congress, 
1881,  vol.  i.;  Dej^eine,  Arch,  de  Phys.,  1884;  KAyMONC,  Maladies  du  systtoe 
nerveux,  1894;  Maeie,  Diseases  of  spinal  cord.  New  Syd.  Soc.  transl.,  1895. 
Posterior  .sclerosis  in  cjeneral  parabjsis—WiEBTvma.,  Arch.  f.  Psych.,  1882;  Claus, 
AUg.  Zeitschr.  f.  Psych.,  1881.  Hereditary  ataxia-FnTBDUEica,  Vn-ch.  Arch., 
1876,  Ixviii.,  1877,  Ixx.;  Ladame,  Brain,  xiii.,  1890;  Mackay,  Brain,  1898, 
435.  Lateral  scW.-Eeb,  Virch.  Arch.,  1877,  Ixx.;  Brit.  Med.  Journ  n., 
1902;  Chaecot,  Lect.,  2nd  ser.,  Syd.  Soc.  transl.,  1881;  Flechsig,  Ueber 
Systemerkr.   im   Eiickenmark,    1878;  Deeschfeld,  Brit.   Med.   Jour.,  1881; 
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Minkowski,    (Syphilis    as  cause),    D.    Arch.    f.    klin.    Med.,    1884.  Polio- 
myelitis anterior— Baiitsbz  et  Rilliet,  Traits  des  malad.  de  I'enfance,  1863; 
Ddchenne,  De  la  paral.  atroph.  graisseuse  de  I'enfance,  1864;  Baelow,  On 
regressive  paralysis,  1878;  Charcot,  Leet.,  Syd.  Soc.  transl.,  1881;  Dkummond, 
Brain,  April,  1885;  Tdeneb,  Path.  Traris.,  1879,  xxx.,  202  ;  Volkmann,  Clinical 
lectures,  Syd.  Soc.  trans.,  1876.     Landry's  jpam^ysw— Landey,  Gaz.  Hebdom, 
1859;  Habley  and  Lockhart  Clarke,  Lancet,  1868;  Westphal,  Arch.  f.  Psych., 
vi.;  V.  d.  Welden,  Deutsch.  Arch.  f.  klin.  Med.,  xix.    More  recent  Literature.— 
Centralbl.  f.  Path.  u.  Pathol.  Anat.,  vol.  iii.,  1892,  p.  6;  Boss  and  Judson  Bukt, 
On  peripheral  neuritis,  1893.     Progressive  muscular  atrophy— Sm  Chas.  Bell, 
Nervous  system  of  human  body,    1830;    Aran,   Arch.   g6n.  de  m6d.,  1850; 
Cbuvbilhiee,  ibid.,  1853;  Lockhaet  Claeke,  Brit,  and  for.  med.  chir.  review,  1862* 
Med.  Chir.  Trans.,  1866,  1867,  and  1868  ;  Friedreich,  Progress.  Muskelatrophie! 
1874;  EoBEETs,  Wasting  palsy,  inEeynold's  Syst.  of  med.,  1868;  Chaecot,  loe.  cit., 
GowEES,  loc.  cit.;  J.  B.  Chaecot,  L'atrophie  musculaire  progressive,  1895.  Bulbar 
^jam^ym-DucHENNE,  Arch.  g6n.,  1860;  Teousseau,  Clin,  lect.,  Syd.  Soc.  transl., 
1868,  vol.1.;  Wachsmuth,  Ueber  progr.  Bulbai-paralyse,  1864;  Leyden,  Arch,  f' 
Psych.,  1870 and  1872 ;  Chaecot,  loc.  cit. ;  Kussmaul,  in  Clin,  lect.,  Syd.  Soc.  transl., 
n  o!a'  ^'^"^°-''yP«''^^(>Pf'i<=  paralysis-BKi.1.,  loc.  cit. ;  Paetbidge,  Med.  Gazette 
1847;  DucHENNE,  De  I'elect.  loc,  1865.  and  Arch.  g6n.,  1868;  Adams,  Path.  Trans., 
1868,  XIX.;  Oed,  Med.  chir.  trans.,  Ivii.  and  Ix.;  Davidson,  Glas.  Med.  Jour.,  1872- 
Macphah,  Ibid.,  1882;  Middleton,  ibid.,  xxii.,  1884;  Goodridge,  Brain,  1882- 
GowEEs,  loc.  cit.,  and  Pseudohypertrophic  muse,  paral.,  1879.    Tumours  of  cord- 
GowEEs  and  Hobsley,  Trans.  Med.  Chir.  Soc,  Lond.,  Ixxi.  1888 


SECTION  IV.— Continued. 


C— THE  ENCEPHALON. 

C  The  Encephalon.— Anatomical  Introduction,  arrangement  of  fibres  and  centres. 
Functions  of  convolutioos.    Arteries  of  brain.    I.  Malformations.    1.  Con- 
genital smallness,  microcephalus.    2.  Hypertrophy.    3.  Heterotopia.  II. 
Injuries.    Laceration  of  brain.     III.  Lesions  affecting  the  Circulation.  1. 
Hyperemia,  anaemia,  and  CBdema.    2.  Occlusion  of  arteries  ;  by  embolism 
or  thrombosis  ;  efifects,  including  softening  of  the  brain  substance  ;  occlusion 
in  chorea     3   Thrombosis  of  the  cerebral  sinuses.    IV.  Cerebral  Haemor- 
rhage    1    From  large  arteries,  chiefly  due  to  aneurysm,  sometimes  to 
atheroma ;  influence  of  increase  of  blood  pressure.    2.  From  nutrient  arteries, 
may  be  from  miliary  aneurysms  or  atheroma.    3.  From  capillaries  chiefly 
complicating  other  forms.     Appearances  in  haemorrhage,  and  results  ;  the 
apoplectic  cicatrix  and  cyst.     V.  Inflammation.     Acute  localized  ence- 
phalitis.    2.  Abscess  of  the  brain.     3.  Chronic  localized  encephalitis.  4. 
Diffuse  encephalitis,  (a)  in  fevers,  (h)  in  dementia 

phobia  (d)  in  tetanus.  VL  Atrophy  and  Degenerations.  Senile  atrophy 
tflL  orms  ;  secondary  degenerations.  VII.  Tuberculosis  and  Syphihs^ 
1  The  tubercular  tumour.  2.  Syphilis  of  brain  and  --b-nes  ;  disease 
of  arteries  may  lead  to  softening.  VIII.  Tumours,  chiefly  glioma  and 
sarcoma,  and  Parasites. 

Anatomical  introduction. -A  knowledge  of  the  course  ^^'^^^^^^l^'^^^^^^^ 
nhalon  is  even  more  important  than  in  the  spinal  cord  and  medulla,  as  these  are 
pnaion  ib  eveu  t-  foolTi'nn     It  is  of  great  consequence  that 

the  special  works  on  anatomy.    In  the  °  [  ^^^j^^  this, 

lateral  columns  of  the  cord,  come  forward       foim  the  antenoi  py 

they  decussate.    The  sensory  fibres  are  now  ^^hmd,  and  t^y  P  ^^^^^ 
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of  figure),  which  continue  up  the  series  in  the  floor  of  the  fourth  ventricle.  In  the 
pons  the  principal  nuclei  are  those  of  the  sixth  and  facial,  the  motor  and  sensory 
roots  of  the  fifth,  and  one  of  the  nuclei  of  the  auditory  nerve.  It  is  to  be  remem- 
bered also  that  the  fibres  of  these  nerves  in  part  at  least  traverse  the  pons,  and  are 
liable  to  be  involved  by  a  lesion,  even  wh'Bn  the  nuclei  are  not  reached. 

In  the  Crura  cerebri,  or  cerebral  peduncles,  the  motor  fibres  are  in  front  and 
internal,  forming  the  greater  part  of  the  crusta.  Sensory  fibres  occupy  about  the 
external  fourth  of  the  crusta.  Behind  the  crusta  is  the  locus  niger,  behind  which 
again  is  the  tegmentum,  containing  a  rather  complex  mass  of  fibres  and  grey  matter. 


tin^fn  ,^t'^  '"'I,"'    I"  l'?'^"-  liilf  the  transverse  section  of  norve  bundles  cou- 

l-Xur^rTil'S'''"'  ^^"^  ""''"^  ?  "^"L"'  the  pyramidal  tract  being  in  front  (or  lower 
QufiK  f  numerals  and  letters  indicate  the  nuclei  of  cerebral  nerves. 


Above  the  crura  the  fibres  are  continued  upwards,  the  motor  still  anterior  and 
the  sensory  posterior,  in  the  mass  of  white  substance  called  the  Internal  capsule. 
It  is  here  necessary  to  be  somewhat  more  minute  in  the  description  of  the  relation 
of  the  structures,  as  these  relations  are  of  great  importance.  When  one  of  the 
lateral  ventricles  of  the  brain  is  opened,  certain  masses  of  grey  nervous  tissue  are 
seen  in  its  floor.  In  front  there  is  a  long  brown  prominence,  rounded  anteriorly, 
and  tailed  behmd.  This  is  the  Nucleus  caudatus,  which  is  often  designated  the 
corpus  striatum,  although  really  only  one  piece  of  it.    Behind  the  nucleus  caudatus 

hat  in  T^'  "^'"^  '^"^^^  be  remembered 

hat  m  opening  the  lateral  ventricle  almost  no  nerve  fibres  need  be  cut  except 

a  s  nTunwTf  ^"^"^^  ^-^^  — ^      -rve  fib  ! 

Save  to  f  P"'^^''  ""'"^^-^^  -utricle,  and  we 

have  to  cut  into  its  floor  in  order  to  reach  them 

jus^blwlhTflTorT;:'  ^"■^•/^^''^  '•^P--"'^  -  horizontal  section  of  the  brain 
f  I  i7    :  ^^'''^^  ^^^^"''le-       relations  of  parts  may  be  gathered 

nd  •  SLllZ^  2'  '""^  T'^'^'  (^^)'       continuous  above 

corona  radia  I'  Zr        '       Tl"'  ^"^'^'^"'^^  °^  hemispheres-the 

which  ma  t"^^i;":^;,^7^^     f     f  ^"'^         IntemaLpsule,  in 

a  middle  part  th  W  f  ?!  anterior  division  IK',  a  posterior  division  IK,  and 

a  mass  of  gr  y  subTtant  il  I  "  °'       ''^'^^"'^       '"'""'^^l  '^^sule  lies 

triangular         „  L l"^,  lenticularis  (LN),  which  on  section  has  a 

Shape  with  the  base  turned  outwards,  and  is  seen  to  be  divided  into  three 
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pieces  (shown  on  right  side) .  It  is  generally  regarded  as  a  part  of  the  corpus  striatum 
and  as  being  motor  in  function.  The  nucleus  lenticularis  extends  a  considerable 
distance  from  before  backwards,  and  in  its  posterior  parts  the  internal  capsule  (IK) 
lies  between  it  and  the  optic  thalamus,  which  has  now  largely  taken  the  place  of 


Fig.  465.-HorizoBtal  section  of  brain  o^  -l.nd  "ine  --t^-^^^^^^^^^        f^l  t 
a  somewhat  lower  level  than  the  left  J' */°°*.f.'„i,'^'ci^^^^  third  frontal 

occipital  lobes  ;  Op,  operculum  ;  Jn,  island  o£  Reil ,  p'f;^^''"?['^jname  ;  LN,  nucleus 
convolution;  Th,  thalamus  ;  i^C,  ^^<'^^^\''^f^Z'dUikTus-  IK%tkrn^  capsule, 

and  Flechsio.) 

the  nucleus  oaudatus.    Outside  the  nucleus  lenticularis  there  is  a  narrow  band  of 

tseniseformis  or  Claustrum.     The  anteuoi  pans  oi  interior  two- 

motor  fibres,  and  the  posterior  sensory;  it  is  generally  said  that  the  antenor  two 
thirds  are  motor,  and  the  posterior  third  sensory. 
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It  is  to  be  remembered  that  the  three  nuclei  we  have  referred  to,  the  nucleus 
caudatus,  nucleus  lenticularis,  and  thalamus  opticus,  receive  fibres  from  and  give 
fibres  to  the  internal  capsule.  There  are  fibres  passing  upwards  to  the  convolutions 
and  others  downwards  to  the  lower  centres. 

Passing  upwards,  the  fibres  of  the  internal  capsule  are  continued  into  the  Corona 
radiata  or  centrum  ovale,  containing  the  white  substance  of  the  hemispheres,  and 
It  may  be  stated  generally  that  in  the  corona  radiata  motor  fibres  are  anterior  and 
sensory  posterior.  But  besides  these  fibres  there  are  multitudes  which  form  com- 
munications between  one  part  of  the  convolutions  and  another,  and  altogether  the 
connections  here  are  very  complicated. 

The  Cerebral  convolutions  and  their  arrangement  may  be  studied  in  Ecker's 
work,  where  the  descriptions  are  very  clear. 

If  the  lateral  aspect  of  one  of  the  cerebral  hemispheres  be  examined  (see  Fig.  466) 
two  great  landmarks  should  first  be  made  out;  these  are  the  fissure  of  Sylvius 


Fig.  466.-Left  lateral  aspect  of  cerebrum.    E.xplanation  in  text.  (Quain.) 

if  sv;^-^'       't'  tT'  °^  '^^^'^     °°  difficulty  with  the  Fissure 

Of  Sylvius  of  which  the  main  or  transverse  arm  is  perfectly  distinct  while  it^sh^rl 
ascendmg  arm  near  the  front  is  easy  to  make  out.    The  Fissure  of  Rol.r,V„ 

r = ==H  =E~  ~" 

si'ir  ^  I      t/b:  mistkfi-  for'.^^-^ 

be^rLtr";?^  tTt^^^^^^^^     ''%Tr  brain  may  now 

Sylvius,  is  Frontal  loie    The  Pallfrr,  '""^  ^--^  of 

its  posterior  extremi  y  s  bound!d ^  fit       y^T^  °' 
of  the  hemisphere,  th.  v^ZriZl,.'  "'^'5/^        ^'^'^  on  the  inner  face 
edge  of  the  great  median  fi  ste  t^^^^^^^  '^^^'^'^''^g 
of  the  hemisphere    J  oa  7^1  4fi.f  °"r.''^        '"■""'"'^^  '''' 
remaining  lobe  is  the  Temporo 'sn^..   P ;  '^'^  "  l°^e.  The 

and  extends  backwards"' meeT^he  r^^  "T^f  k^'"  the  fissure  of  Sylvius 

distinguished.  °°°'P''^'  iobe,  from  which  it  is  indefinitely 
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Of  the  convolutions  the  easiest  to  determine  are  those  bounding  the  fissure  of 
Eolando,  one  of  which  helongs  to  the  frontal  and  the  other  to  the  parietal  lobe ; 
these  are  called  the  Ascending  frontal  and  Ascending  parietal  convolutions  respec- 
tively. In  front  of  the  ascending  frontal,  the  frontal  lobe  presents  three  layers 
of  convolutions  (a,  a',  and  a")  which  lie  transversely  and  pass  by  their  posterior 
extremities  into  the  ascending  frontal.  These  Transverse  frontal  convolutions  are 
distinguished  as  the  first,  second,  third,  or  superior,  middle,  and  inferior.  It 
is  not  to  be  supposed  that  these  are  single  simple  convolutions,  they  are  rather 
complex,  being  broken  up  into  smaller  convolutions  by  numerous  unnamed 
fissures.  The  inferior  (a",  a")  is  a  very  important  one,  and  it  can  gener- 
ally be  easily  recognized  as  it  curves  round  the  short  ascending  branch  of  the 
fissure  of  Sylvius  (S).  After  curving  round  this  branch  it  becomes  continuous  with 
the  lower  end  of  the  ascending  frontal.    At  this  point  the  two  convolutions  form  a 


Cuneato 


Fig.  467.— Internal  aspect  of  right  cerebral  hemisphere.    Explanation  in  text. 

(QUAIN.) 

somewhat  triangular  piece,  and  as  this  lies  over  and  partially  covers  the  island  of 
Eeil,  it  is  often  called  the  Operculum  (in  the  position  of  a;  ^  in  Pig.  466).  In 
addition  to  these  we  have  still  in  the  frontal  lobe  the  Supraorbital  convolutions 
(a*)  which  have  no  arrangement  that  needs  to  be  detailed. 

In  the  parietal  lobe  the  Ascending  parietal  convolution  (B,  B,  Fig.  466)  is  already 
known.  Another  easily  recognized  one  is  that  which  lies  immediately  above  the 
fissure  of  Sylvius,  and  is  called  the  Supramarginal  convolution.  The  posterior 
portion  of  this  convolution  curves  round  the  upper  end  of  the  fissure  of  Sylvius,  and 
as  it  turns  thus  round  an  angle  it  is  often  called  the  angular  gyms  [h",  /)"'),  and  is 
important,  as  Ferrier  has  supposed  it  to  be  the  seat  of  visual  memory  Tlie  rest  of 
the  parietal  lobe  is  divided  into  an  upper  and  a  lower  portion  by  a  longitudinally 
placed  fissure-the  intra-parietal  fissure-which  is  often  not  ^^^^  <i>«'!f  °  • 
arises  close  to  the  fissure  of  Sylvius  behind  the  fissure  of  Eolando  to  which  it  at  hrs 
lies  parallel,  and  then  passes  backwards.  The  lobe  is  thus  divided  mto  the 
superior  and  Inferior  parietal  lobules,  the  former  being  continuous  m  fiont  with 
the  ascending  parietal  convolution.  nf 

In  the  occipital  lobe,  looking  at  the  lateral  aspect,  ^.^^^^^^^^ 
convolutions  can  be  distinguished.    These  are  named  as  m  j^e  frontal  lobe  hrst 
second,  and  third,  or  superior,  middle,  and  inferior  {d,  d',  d",  Fig.  46b).    On  the 
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under  or  basal  surface  there  are  two  further  layers  which  are  continuous  in  front 
with  those  of  the  temporo-sphenoidal  lobe  and  are  named  in  common  with  them 
inferior  occipito-temporal  convolutions. 

The  temporo-sphenoidal  lobe  presents  on  its  lateral  surface  again  three  trans- 
verse convolutions,  superior,  middle,  and  inferior  (c,  c',  c",  Fig.  466) ;  the  superior, 
bounding  the  fissure  of  Sylvius  and  also  called  Infra-marginal,  is  continuous  with 
the  angular  gyrus.  The  remaining  two  sets  on  the  basal  surface  have  been  already 
mentioned  as  forming,  with  those  of  the  occipital  lobe,  the  inferior  occipito-temporal 
convolutions. 

On  examining  the  Internal  aspect  of  the  cerebral  hemisphere  (Fig.  467)  certain 
convolutions  are  to  be  distinguished.  The  superior  frontal  convolution  and  the 
ascending  frontal  and  parietal  convolutions  are  here  partly  visible.  More  distinctly 
on  the  internal  surface  we  distinguish  in  front  the  Marginal  convolution  (marc/,  c. ) 
which  is  continuous  with  the  superior  frontal  and  lies  along  the  superior  longitudinal 
fissure.  Immediately  behind  this  convolution  we  come  to  the  superior  parietal 
lobule  which,  on  its  mesial  surface",  is  called  the  Frsecuneus  or  Quadrate  lobe  (see 
figure).  The  parieto-occipital  fissure  is  here  very  marked,  and  it  is  joined  at  an 
angle  by  the  calcarine  fissure  (calc.f.)  in  such  a  way  as  to  demarcate  a  triangular 
surface,  the  Cuneus  {cuneate  I.).  On  this  aspect  also  appear  the  inferior  occipito- 
temporal convolutions  (i.  oc.-temp.  c).  Within  this  external  ring  of  convolutions 
we  have  now  a  deeper  layer.  Immediately  bordering  on  the  corpus  callosum  and 
following  the  fornix  we  trace  from  before  backwards  the  Gyrus  fornicatus.  Having 
skirted  the  corpus  callosum  from  before  backwards  it  turns  round  at  its  posterior 
extremity,  and  passes  downwards  into  the  Gyrus  hippocampi.  This  gyrus  is  also 
continuous  with  the  gyrus  cunei  and  the  median  occipito-temporal.  The  gyrus 
hippocampi  passes  forward  towards  the  anterior  extremity  of  the  temporo-sphenoidal 
lobe,  where  it  terminates  in  a  hook-like  curve,  the  Gyrus  uncinatus  (imc.  c). 

In  the  cornu  Ammonis  of  the  lateral  ventricle  there  lies  a  convolution  whose 
surface  is  turned  inwards  and  forms  an  elongated  rounded  projection  in  the  cornu  ; 
this  is  the  Gyrus  dentatus  {d.  c). 

Functions  of  the  convolutions.— The  localization  of  function  in  the  cortex  of  the 
brain  is  of  so  much  practical  importance  that  it  is  well,  when  opportunity  offers,  to 
familiarize  the  mind  with  the  topography  of  the  convolutions  in  relation  to  function. 

The  cerebellum.— There  are  only  a  few  points  which  require  notice  here  as  to  the 
general  arrangements  of  the  parts  in  the  cerebellum.  Like  the  cerebrum  it  is 
divisible  into  two  lateral  hemispheres,  the  right  and  left  lobes.  These  are  united 
by  a  central  piece,  which  is  most  marked  on  the  under  surface,  called  the  vermiform 
process.  The  cerebellum  is  divided  by  many  fissures  which  run  horizontally  and 
leave  narrow  convolutions  called  the  Folia.  One  of  these  fissures,  deeper  than  the 
rest,  and  called  the  great  horizontal  fissure,  divides  the  cerebellum  into  an  upper 
and  a  lower  portion.  In  its  internal  structure  the  cerebellum  presents  white  matter 
which  runs  outwards  from  the  peduncles  diverging  towards  the  foha  and  forming  a 
tree-hke  expansion,  the  Arbor  vltse.    In  the  midst  of  the  white  substance  in  each 

c:z  diVati." ' -'-'^ 

Arteries  of  the  braln.-With  a  view  to  the  identification  of  the  numerous  lesions 

lerraL  al...  .  ..T  °'  T^'  '''^  ^^^^  base 

Fostenor  cerebral  artery,  besides  giving  certain  central  branches  to  be  afterwards 
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referred  to,  is  distributed  on  the  surface  of  the  brain,  supplying  the  greater  part  of 
the  occipital  and  temporo-sphenoidal  lobes  with  the  exception  of  the  upper  temporo- 
sphenoidal  convolution.  The  Middle  cerehral  artery,  or  the  artery  of  the  fissure  of 
Sylvius,  is  of  great  importance  as  being  much  more  frequently  the  seat  of  lesions 
than  the  others.  Besides  its  central  branches,  afterwards  considered,  it  supplies 
the  middle  district  of  the  brain  all  round  the  fissure  of  Sylvius,  including  the 
parietal  lobe,  the  posterior  parts  of  the  frontal  lobe,  and  the  superior  convolution 
of  the  temporo-sphenoidal  lobe.  The  Anterior  cerebral  artery  is  distributed  to  the 
anterior  parts  of  the  frontal  lobe. 

These  arteries,  with  the  exception  of  their  central  branches,  run  in  the  sulci  of 
the  convolutions,  and  divide  into  successive  orders  of  branches  which  lie  in  the  pia 
mater.    The  larger  branches  anastomose  sparely,  while  the  finer  twigs  are  end- 


l^rVotaJs^  o'd  ""^^Inl^d^^^r^Z  Sue  offsets.    (Ross  after 

DORET.) 

.rteries  (Duret).  AU  the  arteries  hitherto  comidered  run  on  the  sntfcce  of  the  brain 
iX  sormembranes.  The  actual  nutrient  arteries  are  branches  ol  these  and 
penttrall  fron,  then,  into  the  substance  of  the  brain.    We  maj  thns  d.st.ngmsh  a,. 

'xcrrrnrtrir  °ntn:oi::;x  ..^^ ^ 
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these  fine  vessels  will  be  seen  like  bristles  passing  from  all  the  branches.  All 
the  nutrient  arteries  are  end-arteries. 

The  Central  nutrient  arteries  have  a  somewhat  different  arrangement  from  those 
of  the  cortex.  They  are  long  vessels  of  larger  calibre  than  the  cortical  ones,  and 
they  pass  off  from  the  main  arteries  very  near  their  origin.  The  most  important  are 
those  which  come  off  from  the  middle  cerebral  artery  just  outside  its  origin  and  pass 
through  the  anterior  perforated  space  to  the  basal  ganglia.  Of  these,  three  sets  of 
branches  have  been  distinguished:  (1)  the  lenticular  branches,  short  twigs  lying 
internally  which  pass  to  the  internal  parts  of  the  lenticular  nucleus  ;  (2)  the  lenticulo- 
striate  branch,  a  longer  and  larger  vessel  which  lies  outside  the  first  and  supplies 
the  outer  parts  of  the  lenticular  nucleus  and  adjoining  parts  of  the  internal  capsule 
and  caudate  nucleus ;  this  branch  is  most  frequently  the  seat  of  rupture  with  con- 
sequent htemorrhage ;  (3)  the  lenticulo- optic  branch  is  posterior  to  the  former  and 
supplies  the  posterior  part  of  the  lenticular  nucleus  and  the  anterior  part  of  the 
optic  thalamus.  The  remaining  central  branches  are  supplied  by  the  anterior  and 
posterior  cerebral  arteries.  The  former  sends  branches  which  supply  the  anterior 
part  of  the  caudate  nucleus,  and  the  latter  sends  two  sets,  an  internal  and  an 
external,  to  the  optic  thalamus.    All  these  central  arteries  are  end-arteries. 

The  arteries  of  the  pons  and  medulla  oblongata  are  like  the  cortical  arteries  in 
their  small  size  and  like  the  central  ones  in  respect  that  they  come  off  from  large 
stems,  and  pass  directly  into  the  substance  of  the  part. 


I.— MALFORMATIONS  OF  THE  BRAIN. 

The  more  considerable  of  these  have  been  considered  in  the  section 
on  general  malformations.  The  principal  forms  are  anencejphalus  accom- 
panied by  acrania  or  cranioschisis,  encephalocele  and  cyclopia.  The  relation 
of  these  to  dropsy  of  the  ventricles  of  the  brain  (hydrocephalus)  has 
also  been  considered.  It  has  been  pointed  out  that  hydrocephalus 
occurring  at  an  early  period  leads  to  these  serious  malformations,  which 
are  incompatible  with  life.  But  hydrocephalus  sometimes  occurs  at  a 
later  period,  and  the  cliild  is  born  with  a  congenital  hydrocephalus,  which 
is  itself  sometimes  regarded  as  a  malformation.  It  will  be  taken  up, 
however,  along  with  the  other  forms  of  hydrocephalus. 

1.  Congenital  smallness  or  Aplasia  of  the  brain.— This  may  affect 
the  brain  as  a  whole  or  parts  of  it. 

Micrencephalus  signifies  a  general  smallness  of  the  brain,  which  is 
usually  associated  with  Microcephalus  or  smallness  of  the  head,  the 
latter  term  being  frequently  used  as  synonymous  with  the  former.  The 
defect  usually  concerns  the  cerebrum  chiefly,  although  other  parts  may 
also  be  mvolved.  The  brain  may  be  defective  in  structure  as  well  as  in 
size,  the  convolutions  being  small,  irregular,  or  defective.  The  affection 
may  be  due  in  some  cases  to  a  simple  defect  in  formative  power  in  the 
cerebral  matter,  but  it  results  sometimes  from  more  definite  pathological 
coi^itions  in  the  fc«tus.  Thus  there  are  cases  in  which  it  co-exists  with 
hydrocephalus.    In  these  the  size  of  the  head  may  not  be  small,  but 

3  A 
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that  of  the  brain  may  be  seriously  diminished.  Ahlfeld,  again,  ascribes 
many  cases  of  micrencephalus,  where  there  is  no  existing  hydrocephalus, 
to  a  dropsy  at  an  earlier  period.  Premature  union  (synostosis)  of  the 
cranial  sutures  and  synchondrosis  of  the  basal  bones  have  been  assigned 
as  causes  of  microcephalus ;  the  cranium  not  being  able  to  expand  the 
brain  remains  small.  The  observations  of  Bourneville  have  shown  that 
it  is  more  than  doubtful  if  this  can  be  accepted  as  an  explanation  of  the 
condition.  Again,  thickenings  of  the  pia  mater  sometimes  co-exist,  and 
this  indicates  an  early  inflammation  as  the  probable  cause  of  the  defect 
in  the  brain.  Any  considerable  degree  of  micrencephalus  is  accompanied 
by  idiocy. 

The  average  weight  of  the  entire  encephalon  in  the  adult  is  about  SOJ  ounces  in 
the  male  and  44a  in  the  female,  the  weight  ranging  from  about  43  to  60  ounces  in 
the  male,  and  40  to  50  in  the  female,  although  there  are  exceptional  cases  both 
above  and  below  that  range.  The  average  weight  of  the  cerebellum  is  5J  ounces 
in  the  male  and  4|  ounces  in  the  female ;  that  of  the  pons  and  medulla  oblongata 
is  about  1  ounce  in  the  male,  and  the  same  in  the  female.  (See  further  in  Quam  s 
Anatomy.) 

Parts  of  the  brain  are  sometimes  congenitally  small.  The  convolu- 
tions may  be  imperfectly  formed,  or  there  may  be  asymmetry  of  the 
hemispheres.  The  cerebellum  is  also  not  infrequently  imperfect,  it 
may  be  as  small  as  a  walnut,  or  present  various  degrees  of  defect. 

In  a  case  reported  by  Fraser  there  was  a  congenital  ataxia  which  was  found 
after  death  to  'e  due  toLallness  of  the  cerebellum  (2^  ounces).  Similar  symptoms 
existed  in  a  sister,  who  was  presumably  the  subject  of  a  similar  defect. 

9  Hypertrophy  of  the  brain.-This  is  a  condition  rarely  observed ; 
but"occasionally,  without  any  hydrocephalus,  a  chHd  is  ^ovn 
unusually  large  encephalon.    There  are  also  cases  m  which,  in  later  hie 
a  hypertrophy  of  the  brain  takes  place,  sometimes  acute,  sometimes 

'^Heterotopia  of  the  brain  substance.-Besides  the  extreme  form 
of  Encephalocele  (see  p.  49)  certain  cases  of  Hernia  cerebri  in  which 
there  i«  no  hydrocephalus,  are  regarded  as  belonging  to  this  class 
Sometimes  al/o  masses  of  grey  substance  are  -t  ^ith  in  abn^^^^^^ 
Stnations  as  in  the  midst  of  the  corona  radiata.  Some  of  these  cases 
may  rean^  tumours  of  the  brain,  but  they  are  congenital,  and  due 
to  errors  in  development. 

PorencephaluB  is  a  term  used  for  defects  ^^Jl^:JZ,tSZZ 
the  superficial  parts  penetrating  more  or  less  deeply  -t^J^^ /^^^^^  ^.^^.^ous 
.     sometimes  as  deeply  as  the  ventricles   _  '^^^^  Le  fcBtus.  There 

:nembranes.    The  lesion  is  ascribed  to  ^'^^^^^  p„ts  corresponding 

may  be  associated  with  it  a  congenital  paralysis  and  atropby  p 

■with  the  lesion  in  the  brain. 
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In  cases  of  Idiocy  there  is  defect  of  the  brain,  and  it  may  be  in  various  forms. 
There  may  be  micrencephalus  or  congenital  hydrocephalus,  or  partial  defects. 
There  may  be  little  beyond  some  traces  of  inflammation  in  the  membranes. 
Similarly  Cretinism,  which  is  endemic  in  some  localities  and  is  often  associated 
with  goitre,  is  related  to  various  lesions'  of  the  brain.  In  this  condition,  however, 
the  defect  in  the  brain  seems  to  depend  on  the  condition  of  the  bones.  The 
skeleton  as  a  whole  is  stunted  and  deformed,  and  the  bones  of  the  skull  show 
synostosis  and  premature  synchondrosis,  so  that  the  elongation  of  the  basal  parts 
and  expansion  of  the  vault  are  variously  hindered,  the  brain  being  correspondingly 
defective. 

Literature. — For  greater  defects  see  under  Malformations.  Micrencephalus — 
ViRCHow,  Gesam.  Abhand.,  1856,  p.  891 ;  Hitzig  in  Ziemssen's  Bncyclopffidia  (with 
literature) ;  Aeby,  Mikrocephalie  and  Atavismus,  1878 ;  Boubneville,  Bull,  de  la 
Soc.  anat.  de  Paris,  x.,  1896.  Defect  of  cerebellum— F-rks^-r,  Glas.  Med.  Jour., 
xiii.,  1880;  Gould,  Path.  Trans.,  xxxiii.,  C;  Clapton,  Path.  Trans.,  xxxii.,  20. 
Hypertrophy— RiTzm,  loc.  cit. ;  Vibchow,  Ges.  Abhandl.,  1856,  Virch.  Arch.,  xxxiii. ; 
Lees,  Dubl.  Med.  Jour.,  xxii.,  1842 ;  Tuke,  Jour,  of  Anat.  and  Phys.,  xii.,  1873  ; 
Landodzy,  Gaz.  M6d.  de  Paris,  No.  xxvi.,  1874.  Heterotopia— Rmzio ,  loc.  cit.; 
VmcHow,  loc.  cit.,  and  Virch.  Arch.,  xxxviii.,  1886  ;  Meschede,  Virch.  Arch.,  Ivi., 
1872;  Simon,  Virch.  Arch.,  Iviii.,  1883.  Porencephalus—E.^scB.1,,  Prag.  Vierteljahr- 
schr.,  1868,  and  Jahrb.  f.  Kinderheili.,  xv.,  1880;  De  la  Croix,  Virch.  Arch., 
xcvii.  ;  BiNSWANGEE,  ibid.,  cii. 


n.— TRAUMATIC  LESIONS  OF  THE  BRAIN. 
Laceration  of  the  brain.— The  brain  may  be  injured  directly  or 
indirectly.  In  injuries  involving  fracture  of  the  skull  the  brain  is 
often  simultaneously  wounded,  or  the  bone  may  be  carried  inwards 
and  impinge  upon  the  brain.  On  the  other  hand,  the  brain  is  often 
lacerated  without  a  corresponding  external  wound  or  fracture  of  the 
skull,  by  so-called  contre  coup.  When  a  person  falling  from  a  height 
alights  on  the  head  the  solid  cranium  is  suddenly  arrested.  The  more 
mobile  contents  impinging  against  the  internal  surface  of  the  skull  are 
pitched  back  in  the  opposite  direction.  Hence  in  such  cases  there  is 
often  laceration  both  at  a  point  corresponding  with  the  injury  to  the 
skull  and  at  a  point  more  or  less  diagonally  opposite.  The  latter  is 
called  laceration  by  contre  cmp,  and  it  is  sometimes  more  severe  than 
the  other. 

The  lacerated  brain  substance  is  torn  and  softened  and  there  is  more 
or  less  hemorrhage.     The  hemorrhage  may  be  serious  if  any  con- 

r  eptt  wn  r'  "^^'^  ^^^^      ^°-P«^^"d  fr-^ture  with 

chr  n     Th  T      ^T^  ^^^'"-^  cases  is 

Trv.r.^f^rf'""""^  ^^^^^^"S  ^-i-  meninges, 

-y  persist  for  long  periods,  even  enlarging  their  area  and  producing 
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extensive  destruction  and  shrinking  of  the  cerebral  substance.  In  the 
affected  part  the  membranes  are  adherent  and  thickened,  and  the  brain 
substance  is  indurated  by  new-formed  connective  tissue.  Important 
nervous  and  mental  phenomena  may  follow  such  lesions  even  when  the 
injury  to  the  head  has  not  been  great. 

III. -LESIONS  AFFECTING  THE  CIRCULATION  IN  THE  BRAIN. 
These  conditions  are  somewhat  variously  associated  with  each  other 
and  with  lesions  of  other  kinds.  They  mostly  imply  local  or  general 
alterations  in  the  volume  of  the  blood  and  lymphatic  fluid  in  the  brain, 
and  such  alterations  have  somewhat  complex  relations,  chiefly  arismg 
from  the  fact  that  the  skull,  in  the  adult  at  least,  is  a  closed  cavity  with 
rigid  walls,  whose  contents  as  a  whole  are  scarcely  capable  of  variation, 
although  the  fluid  constituents  are  variously  interchangeable. 

1.  Hypersemia,  Anaemia,  and  ffldema. -Hyperemia  in  the  brain,  as 
elsewhere,  is  divisible  into  active  and  passive.  Active  hypersemia 
occurs  generally  or  locally  in  consequence  of  hypertrophy  or  over-action 
of  the  heart,  especially  when  the  arteries  are  atheromatous  and  unable 
to  control  the  circulation.  It  also  occurs  in  inflammations  of  the  brain 
or  meninges,  and  in  various  conditions  of  excitement  of  the  brain,  as 
the  delirium  of  fevers,  the  early  stage  of  general  paralysis,  the  typhoid 
stage  of  cholera,  in  conditions  of  plethora,  or  excessive  functional 
activity  as  over-work  or  over-strain,  or  from  the  action  of  alcohol  and 
other  agents  such  as  nitrite  of  amyl.  In  these  conditions  it  may  be 
regarded  as  an  inflammatory  phenomenon. 

Passive  hyperemia  results  most  directly  from  thrombosis  of  the 
cerebral  sinuses  (see  farther  on),  but  is  also  an  occasional  consequence 
of  pressure  on  the  jugular  veins,  or  of  disease  of  the  heart  or  lungs 
leading  to  general  venous  engorgement. 

The  appearances  visible  after  death  in  both  forms  are  frequently 
insignificant,  especially  in  active  hyper«3mia,  the  existence  of  which  is 
usuflly  a  matter  of  inference  rather  than  of  observation^  The  over-filling 
o  the  vessels  is  most  visible  in  the  meninges,  but  there  may  be  also 
a  deepened  colour  of  the  convolutions,  and  the  venous  stems  m  them 
and  in  the  white  substance  may  be  visibly  dilated. 

M^l  or  I^ch^emia  resdts  ™stly  from  obstruction  of  artels  see 
below).  It  may  also  be  a  eonsequence  of  general 
of  blood  in  which  case  it  affects  the  brain  as  a  whole.  It  may  result 
imlotl  pressure  on  the  bran,  produced  t---'— ta": 
of  blood,  or  inHammatory  exudations.  Further.  f^/^^;;;^^ 
unequal  distribution  of  the  blood,  as  m  cases  of  'I'  "^  v  sseU  of  t™ 
other  vascular  areas,  as  say,  when  rapid  d.latat.on  of  the  vessel. 
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abdomen  follows  the  rapid  removal  of  ascitic  fluid ;  stenosis  of  the 
aortic  orifice  is  another  possible  cause ;  and  the  condition  may  also  arise 
from  the  loss  of  fluids  from  the  intestine,  as  in  certain  cases  of  pro. 
tracted  diarrhoea  in  children  associated  with  general  malnutrition. 
Local  anaemia  in  all  these  cases  is  liable  to  result  in  softening  of  the 
brain  substance.  Post-mortem,  the  brain  substance,  both  grey  and 
white,  is  pale.  The  larger  veins  are  full  but  the  smaller  vessels  of  the 
convexity  are  empty,  and  there  is  an  excess  of  cerebro-spinal  fluid 
present  both  in  the  pia  and  in  the  ventricles. 

(Edema  of  the  brain  is  also  usually  but  a  part  of  some  other  lesion. 
(Edema  of  the  brain  substance  is  a  rare  and  in  many  cases  a  hypo- 
thetical condition.  The  more  definite  oedemas  aflf"ect  the  membranes 
and  cavities,  and  will  be  considered  further  on.  There  is,  however,  an 
occasional  local  oedema  of  the  brain  substance  in  the  neighbourhood  of 
haemorrhages,  tumours,  and  veins  obstructed  by  thrombi,  and  it  is 
also  believed  to  occur  at  the  outset  of  local  inflammations.  It  may, 
however,  occur  in  Bright's  disease,  and  according  to  Franke  it  is  to  this 
that  some  of  the  cerebral  phenomena  of  uraemia  are  due. 

The  anatomical  changes  are  not  unlike  those  found  in  anaemia.  The 
brain  substance  is  moist  and  glistening.  The  fluid  in  the  ventricles  is 
increased  as  a  rule.  The  meshes  of  the  pia  also  contain  an  excess  of 
fluid,  and  the  whole  brain  has  a  sodden  aspect. 

2.  Occlusion  of  arteries.— This  is  a  frequent  and  a  serious  lesion, 
occurring  mostly  as  a  result  of  embolism  or  thrombosis. 

Embolism  occurs  in  the  great  majority  of  cases  in  connection  with 
old  standing  valvular  disease  of  the  heart,  and  especially  in  connection 
with  disease  of  the  mitral  valve,  associated  with  stenosis  of  that  orifice 
and  formation  of  thrombi  in  the  left  auricle.  This  condition  of  the 
valves  is  itself  the  result  of  a  former  endocarditis,  and  embolism  of  the 
cerebral  vessels  is  specially  liable  to  occur  when  valves,  already  the  seat 
of  sclerotic  change,  are  again  attacked  by  the  inflammatory  process 
It  may  also  happen  in  the  recent  acute  forms,  especially  when  of 
the  malignant  or  ulcerative  type,  with  thrombus-formation  on  the 
denuded  surface  of  the  valves.  In  the  former  case  the  embolus  results 
Irom  the  softemng  and  breaking  down  or  detachment  of  the  thrombi 
m  the  left  auricle,  or  from  the  detachment  of  fragments  of  fibrine  or 
calcareous  matter  from  the  indurated  curtains  at  the  mitral  orifice 
In  the  more  acute  forms  of  endocarditis  the  embolus  may  result  from 
d  taehment  of  a  fragment  of  fibrine  from  the  inflamed  mftral  or  JZ 
be  ome  det   ?!      i""'  "^^^  ^^^^^i  in  the  aorta 

f"m  the  1         k"^  """^^  ^"^^^^  exceptionally 

ftom  the  lungs,  but  sometimes  in  gangrene  of  the  lungs  there  is  a 
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thrombosis  of  the  veins,  and  from  fragments  of  fibrine  carried  off  we 
may  have  septic  embolism  of  the  brain.  A  cancer  of  the  lungs  after 
penetrating  into  the  pulmonary  vein  may  produce  embolism. 

It  is  a  matter  of  general  observation  that  in  cerebral  embolism  the 
Middle  cerebral  artery  (or  artery  of  the  fissure  of  Sylvius)  is  the 
vessel  plugged  in  the  great  majority  of  cases.    It  is  also  stated  that 
the  left  middle  cerebral  artery  is  more  frequently  the  seat  of  embolism 
than  the  right,  but  this  has  been  doubted  by  competent  observers. 
The  frequency  with  which  the  middle  cerebral  artery  is  affected  admits 
of  easy  explanation.  As  the  vertebral  artery  arises  from  the  subclavian 
nearly  at  a  right  angle,  it  is  not  common  for  an  embolus  to  pass  mto 
it.    But  the  innominate  and  the  carotids,  being  nearly  in  the  direct 
line  of  the  current  from  the  aortic  orifice,  readily  receive  any  fragment. 
Again,  the  middle  cerebral  artery  is  the  direct  continuation  of  the 
internal  carotid  and  an  embolus  will  more  readily  be  swept  into  it  than 
diverge  forward  or  backward.    It  is  important  here  to  bear  in  mind 
that  the  middle  cerebral  artery  supplies  the  greater  part  of  the  basal 
ganglia,  including  nearly  the  whole  of  the  corpus  striatum  and  internal 
capsule  and  a  part  of  the  thalamus  opticus.   It  also  supplies  the  greater 
part  of  the  motor  convolutions. 

Thrombosis  of  the  cerebral  arteries  arises  in  consequence  of  some 
alteration  of  the  walls  of  the  arteries.    It  is  predisposed  to  by  weak- 
ness of  the  heart,  but  mere  sluggishness  of  the  circulation  so  mduced 
will  hardly  cause  thrombosis  in  a  healthy  artery,  althoTigh  it  does  so  in 
the  venous  sinuses  of  the  dura  mater,  where  the  circulation  is  naturally 
very  much  slower.    Thrombosis  is  mostly  induced  by  Atheroma  ot 
the  arteries     The  internal  coat  is  thickened,  and  the  surface  is  rough, 
while  the  calibre  of  the  artery  is  already  considerably  encroached  on, 
as  Fig  469  shows.     Atheroma  occurs  mostly  in  old  persons,  and  it  is 
usually  most  pronounced  in  the  larger  arteries  of  the  base,  where  there 
xnay  be  numerous  yellow  patches.    But  not  infrequently  it  extends  o 
the  finer  ramifications,  and  it  is  in  these  that  it  most  readily  leads  to 
occlusion  by  thrombosis.    The  artery  from  which  the  figure  is  taken, 
or  instance,  had  an  external  diameter  of  the  eleventh  of  an  inch. 
Whilst  complete  occlusion  by  thrombosis  is  unusual  except  in  very 
sTal  arteries,  it  may  occur  in  those  of  larger  size.    In  a  case  observed 
bT"ho  one  of  the  larger  branches  of  the  middle  cerebral  artery 
was  thus  affected,  and  an  extensive  softening  in  the  tempor-ph-^^^^^ 
Tobe  resulted     Syphilitic  disease  of  the  arteries  is  a  much  less  frequent 
1  orthrombosis     It  is  met  with  in  connection  with  gummata  and 
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blood  current.  It  may  also  occur  in  connection  with  various  forms  of 
aneurysm  of  the  cerebral  vessels. 

EfPects  of  occlusion  of  arteries. — Here,  as  in  other  parts,  the  effects 
of  occlusion  depend  chiefly  on  whether  the  arteries  concerned  have 
sufficient  anastomosing  communications  or  not.  The  arteries  of  the 
circle  of  Willis  anastomose  freely,  and  occlusion  of  one  of  them  leads 


Fig.  46!).— Diagrammatic  sketch.  Atheroma  of  cerebral  artery.  The  gi-oatly  thick- 
eued  mtorual  coat  is  seen.  In  Its  substance  are  dark  masses  (M  in  which  margarine 
crystals  are  found.  On  the  surface  is  a  paler  layer  (c)  consisting  of  partially' 
organized  thrombus  ;  (d)  blood  occupying  the  remaining  calibre,    x  347 

only  to  a  very  temporary  derangement  of  the  circulation.  The  larger 
branches  anastomose  sparely,  and  occlusion  of  them  has  much  more 
serious  effects.  The  nutrient  arteries  do  not  anastomose  at  all,  and 
occlusion  of  them  has  very  evil  results. 

The  most  direct  result  of  occlusion  of  arteries  is  Anemia  of  the  part 
supplied.  As  the  occlusion  in  the  case  of  embolism  is  sudden,  there  is 
often  a  very  abrupt  interference  with  the  cerebral  functions.  In  the 
case  of  a  large  artery,  such  as  the  main  stem  of  the  middle  cerebral 
there  may  be  a  very  extensive  anaemia,  leading  to  a  fatal  issue  before 
the  anastomosing  circulation  can  be  established. 

Softening:  of  the  brain  substance  {Rcmollissement)  is  a  further  con- 
sequence This  IS  really  a  necrosis  with  fatty  degeneration  of  the 
neivous  tissue  and  it  only  occurs  when  the  conditions  are  such  that  the 
circulation  is  brought  absolutely  to  a  standstill.    This  is  the  case  when 
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any  of  the  nutrient  arteries  are  obstructed,  as  these  are  end-arteries. 
The  nutrient  arteries  which  come  off  from  the  first  part  of  the  middle 
cerebral  are  the  most  exposed  to  obstruction  from  embolism,  and  hence 
softening  of  the  central  parts  of  the  brain,  especially  in  the  region  of 
the  corpus  striatum,  is  of  somewhat  common  occurrence.  It  is  important 
to  notice  that,  for  reasons  to  be  afterwards  considered,  it  is  these  arteries 
also  which  most  frequently  give  rise  to  haemorrhage. 

But  softening  not  infrequently  occurs  although  the  vessels  occluded 
are  not  end-arteries.  This  is  especially  true  where  thrombosis  is  the 
cause  of  the  occlusion.  As  we  have  already  seen,  thrombosis  is  common 
in  connection  with  atheroma.  Now  this  is  a  disease  of  old  people,  in 
whom  the  circulation  is  weak.  Under  these  circumstances  occlusion  of 
a  small  peripheral  artery  may  lead  to  softening,  before  the  force  of  the 
blood  has  brought  about  an  anastomosing  circulation,  all  the  more 
because  many  of  the  neighbouring  arteries  are  also  partially  obstructed 
by  atheroma.  Even  in  the  case  of  embolism  there  may  be  considerable 
cortical  softening  if  the  embolus  has  broken  up  and  plugged  several 
vessels  at  the  same  time,  so  as  to  interfere  with  the  establishment  of 
the  anastomosing  circulation. 

The  Changes  in  the  brain  substance  in  softening  have  already  been 
incidentally  considered.  It  will  be  a  local  lesion  limited  to  the  piece 
of  brain  substance  to  which  the  affected  artery  is  distributed. 

Softenings  have  often  been  distinguished  according  to  the  colour 
presented  by  the  affected  brain  substance,  so  that  white,  yellow,  and 
red  softenings  have  been  described.  For  the  most  part  the  colour 
depends  on  the  blood  mixed  with  the  nervous  tissue,  and  the  amount 
and  condition  of  the  former  can  hardly  be  regarded  as  a  chief  char- 
acteristic of  the  softening ;  the  colour  is  therefore  not  of  primary 

importance.  .      ,  ,        •  n 

We  have  seen  already  that  softening  of  the  brain  substance  is  really 
due  to  a  Necrosis.  The  result  of  the  death  of  the  nervous  structures 
is  their  disintegration.  The  nerve  fibres  very  rapidly  break  up ;  the 
myeline  of  the  medullary  sheath  coagulates  and  escapes  from  the 
primitive  sheath,  and  afterwards  breaks  up  into  fine  fat  granules.  The 
ganglion  cells  are  more  resistant,  but  they  also  become  g-nular  and 
Sadually  disappear.  The  cells  of  the  neurogba  and  the  cells  of  the 
wl  f'the  vLels  undergo  fatty  degeneration.  These  structures 
Te  ome  filled  with  finely  divided  fat,  so  that  the  neuroglia  cells  a  e 
oTvTrted  into  characteristic  Compound  granular  corpuscl.s^  an^^^ 

cells  of  the  vessels  -  converted  into^'^^^^^^^^^^^ 
intervals  along  the  vessels  (Fig.  470).    So  far  as       ne  ^ 
concerned  it  ts  probable  that  in  some  cases  they  pick  up  fat  ansin. 
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from  the  disintegrated  myeline.  It  is  not  so  clear  that  the  cells  of  the 
blood-vessels  do  this,  and  there  is  here,  probably  always,  a  proper  fatty 
degeneration.  Besides  the  neuroglia  cells  there  may  be  present  in  the 
part  amoeboid  cells,  or  these  may  pass  into  it  after  the  occurrence  of  the 
necrosis,  and  these  also  become  occupied  by  granular  fat.  In  this  way 
there  are,  frequently,  large  numbers  of  compound  granular  corpuscles 
which  are  very  conspicuous  when  a  piece  of  the  softened  tissue  is 
examined  in  the  fresh  state  under  the  microscope.  A  ready  means  of 
distinguishing  true  pathological  softening  from  a  mere  post-mortem 
change  is  afforded  by  the  presence  of  these  cells.  In  true  softenings 
they  are  present  in  large  numbers  and  afford  a  highly  characteristic 
appearance. 

\ 


Fig.  470.— Fatty  degeueratiou  of  the  vessels  in  cerebral  softeiiiug.  (PA(iET.) 


In  some  cases,  as  already  mentioned,  the  softened  brain  substance  is 
largely  mixed  with  blood.  At  first  the  blood  gives  a  red  colour  to  the 
softening.  But  as  time  goes  on  the  colouring  matter  is  dissolved  out  of 
the  red  corpuscles  and  diffused  throughout  the  softened  structures,  as 
well  as  to  some  extent  in  the  brain  substance  around.  In  that  case  the 
colour  becomes  less  intense  and  merges  into  yellow,  or  the  colour  may 
be  reddish  yellow  from  the  outset.  It  will  be  seen  from  this  that  red 
and  yellow  softening  run  together,  and  that  the  latter  is  often  merely 
a  later  stage  of  the  former.  If  there  is  very  little  blood  in  the  vessels 
of  the  softened  part  then  the  colour  is  white  or  grey.  This  is  mostly 
seen  when  death  has  occurred  very  soon  after  the  occlusion  of  an 
•artery. 

The  ultimate  disposal  of  the  necrosed  piece  of  brain  substance  occurs 
•on  principles  already  considered.  The  softened  brain  substance  has 
Ultimately  the  characters  of  a  fatty  emulsion,  which  is  gradually 
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absorbed.  A  chronic  inflammation  occurs  around,  just  as  in  the  case 
of  a  haemorrhage,  and  in  a  similar  fashion  connective  tissue  is  produced, 
taking  the  form  of  a  cyst  or  cicatrix,  according  to  circumstances.  The 
resulting  cyst  or  cicatrix  is  not  always  to  be  distinguished  from  that  of 
a  cerebral  haemorrhage.  Usually  the  latter  presents  more  distinct 
pigmentation,  but  the  former  may  also  present  pigment  granules  and 
crystals. 

Other  forms  of  softening  are  of  less  consequence  than  those  from 
occlusion  of  arteries.  Softenings  are  very  frequent  around  extravasa- 
tions of  blood.  They  are  partly  due  to  mechanical  destruction,  but  also 
to  anaemia  from  the  pressure  of  the  blood.  Softenings  around  tumours 
are  similarly  due  to  anaemia.  There  is  occasionally  a  softening  from 
localized  inflammation,  more  especially  such  septic  forms  as  lead  on  to 
abscess.  A  softening;  of  the  brain  around  the  ventricles  also  occurs  in 
connection  with  the  hydrocephalus  of  tubercular  meningitis  (which  see). 

Occlusion  of  arteries  and  other  conditions  in  chorea. — The  frequent 
association  of  chorea  with  acute  endocarditis  has  suggested  the  view 
that  it  may  have  its  origin  in  embolism  of  the  arteries  and  capillaries 
of  the  brain,  multiple  embolism  with  softening  having  been  found  in 
some  cases,  but  not  in  all.  Embolism,  however,  is  only  a  coincidence 
related  to  the  endocarditis,  and  not  necessarily  connected  with  the 
pathology  of  chorea.  This,  indeed,  is  evident  from  the  fact  that  acute 
endocarditis  is  not  infrequently  absent  in  cases  of  chorea.  Other 
changes  in  the  vessels  have  been  observed,  such  as  dilatation  of  the 
arteries  and  veins  throughout  the  substance  of  the  brain  and  spmal 
cord,  exudations  or  small  haemorrhages,  sometimes  with  blood  crystals, 
around  the  vessels.  These  lesions,  however,  are  by  no  means  constant, 
and  are  to  be  regarded  as  consequences  of  irritation  of  the  brain,  or  as 
coincident  phenomena. 

In  chorea  there  is  an  irritant  present  in  the  blood,  presumably  the 
same  irritant  as  that  in  acute  rheumatism.  It  attacks  the  nervous 
system,  producing  hyperaemia  and  exudation  from  the  vessels.  Whale 
the  whole  central  nervous  system  is  more  or  less  aff'ected  there  are 
certain  parts  specially  involved,  these  parts  being  what  have  been 
called  the  accessory  portions  of  the  nervous  system.  It  may  be  sup- 
posed that  the  fundamental  and  simpler  parts  of  the  brain  and  cord  are 
more  stable  than  the  accessory  parts,  and  that  when  attacked  by  an 
irritant  the  latter  will  give  way  first.  The  anatomical  distribution  of 
the  lesions  suggests  that  this  is  so,  and  the  symptoms  of  chorea  indicate 
disorder  in  "movements  which  are  acquired,  and  which  are  probably 
only  learned  by  a  long  apprenticeship"  (Hughlings  Jackson).  On 
the  other  hand,  chorea  has  been  regarded  by  some  as  due  to  an 
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"infection,"  but  so  far  there  is  not  much  evidence  forthcoming  in 
support  of  such  a  view,  although,  according  to  Osier,  Pianese  is  said  to 
have  isolated  a  bacillus  from  the  nervous  system  of  a  choreic  patient, 
which  when  inoculated  into  animals  caused  death  with  muscular 
twitchings  and  convulsions.  From"  the  central  nervous  system  of  these 
animals  the  same  bacillus  could  be  obtained  in  pure  culture.  By  others 
staphylococci  have  been  obtained  in  fatal  cases. 

3.  Thrombosis  of  the  cerebral  sinuses  and  veins.— These  venous 
channels  are  somewhat  frequently  the  seat  of  thrombosis.  The 
coagulation  may  have  its  starting  point  in  an  inflammation  propagated 
from  a  neighbouring  structure,  in  which  case  it  is  usually  a  septic 
thrombosis.  The  most  frequent  origin  of  such  inflammation  is  disease 
in  the  ear,  but  it  may  follow  on  injury  to  the  head,  inflammations  of 
the  skin  of  the  face  and  scalp,  especially  erysipelas,  and  of  the  bones. 
In  all  these  cases  the  thrombosis  usually  has  its  starting  point  about 
the  base  of  the  skull,  and  especially  in  the  lateral  and  petrosal  sinuses. 

There  is,  however,  another  class  of  cases  in  which  the  thrombosis  has 
a  more  obscure  origin,  and  seems  sometimes  even  spontaneous.  The 
blood  simply  coagulates  in  the  sinus,  and  it  is  usually  in  the  longitudinal 
sinus  that  the  coagulation  begins.  In  most  of  these  cases  the  person  is 
in  a  state  of  debility,  and  the  thrombus  may  be  regarded  as  Marasmic 
in  its  origin.  But  there  are  cases  in  which  there  is  no  obvious  weak- 
ness of  the  heart,  and  the  coagulation  has  no  apparent  cause.  The 
localization  of  the  thrombosis  suggests  that  it  has  been  occasioned  by 
stagnation  of  blood.  The  sinuses  are  rigid  tubes  incapable  of  narrowing 
when  the  circulation  is  slow,  and  they  are  intersected  by  bands  of  con- 
nective tissue.  The  longitudinal  sinus  also  is  so  situated  that,  at  its 
middle  part  at  least,  the  blood  passing  from  the  cerebral  veins  flows 
upwards  to  it  against  the  force  of  gravitation  (see  p.  79),  and  at  right 
angles  to  the  current  in  the  sinus. 

The  Effects  of  thrombosis  of  the  sinuses  will  vary  according  to  the 
cause.  If  due  to  the  propagation  of  inflammation  from  neighbouring 
structures,  then  a  suppurative  phlebitis  may  result,  with  Meningitis, 
and  even  Abscess  of  the  brain.  There  are,  however,  cases  of  abscess 
of  the  brain  without  meningitis,  in  which  the  inflammation  seems  to 
have  extended  along  the  veins  either  in  their  interior  or  in  their 
sheaths. 

In  marasmic  thrombosis  the  results  are  those  of  passive  hypersemia. 
The  veins  which  open  into  the  sinus  are  greatly  engorged,  and  the 
thrombosis  may  extend  into  them.  It  is  here  chiefly  the  longitudinal 
sinus  that  is  concerned,  and  the  veins  which  open  into  it  are  those  of 
the  cerebral  hemispheres.    These  may  stand  out  as  prominent  worm- 
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like  cords,  filled  with  dark  coagula.  In  most  cases  the  blood  finds  its 
way  by  other  routes,  and  there  may  even  be,  after  a  time,  a  re-estab- 
lishment of  the  circulation  in  the  sinus.  Sometimes,  however,  the 
obstruction  in  the  veins  is  such  as  to  lead  to  Haemorrhag'e.  This  is 
usually  in  the  form  of  numerous  capillary  haemorrhages,  but  sometimes 
there  is  along  with  this  a  large  effusion  of  blood  in  the  substance  of  the 
brain  and  under  the  soft  membranes.  The  seat  of  such  haemorrhages  is 
usually  the  superficial  and  upper  parts  of  the  hemispheres,  and  they  are 
frequently  multiple. 

Gowers  alleges  that  a  primary  thrombosis  of  the  cortical  veins 
without  sinus  thrombosis  not  infrequently  occurs,  and  is  a  not 
uncommon  cause  of  hemiplegic  attacks  in  young  children,  ushered 
in  by  convulsions  which  may  be  unilateral. 

IV.— CEREBRAL  HEMORRHAGE. 
By  this  term  is  meant  bleeding  into  the  substance  of  the  brain.  The 
blood,  which  may  be  large  or  small  in  quantity,  pushes  aside  the  brain 
substance,  tearing  for  itself  a  cavity  where  it  coagulates.  With  the 
doubtful  exception  of  certain  diseases  of  the  blood,  where  the  haemor- 
rhage may  possibly  be  by  diapedesis,  there  is  always  rupture  of  one  or 
more  vessels. 

In  a  previous  page  reference  has  been  made  to  the  two  orders  of 
cerebral  arteries,  and  the  difference  in  the  circumstances  of  haemor- 
rhages from  these  is  such  that  we  must  consider  them  separately  here. 

1.  Haemorrhage  from  the  larger  cerebral  arteries.— We  have  seen 
that  these  vessels  run  in  the  sulci  and  fissures  of  the  brain,  involved  in 
the  meshes  of  the  pia-arachnoid,  and  it  might  be  supposed  that  their 
rupture  would  give  rise  to  meningeal  rather  than  cerebral  haemorrhage, 
and  so  it  is  usually  stated.  But  this  is  not  the  case.  The  blood  nearly 
always  finds  its  way  into  the  brain  substance,  where  it  is  found  usually 
in  much  larger  quantity  than  in  the  meninges,  so  that  the  case  has 
much  more  the  characters  of  cerebral  than  of  meningeal  haemorrhage. 
There  is  usually  some  blood  in  the  meninges  occupying  the  sulci 
between  the  convolutions,  and  it  may  even  be  considerable,  extending 
to  the  base  and  perhaps  covering  the  optic  commissure  ;  but  usually  the 
amount  is  small,  and  on  account  of  the  large  cerebral  htemorrhage,  is 
apt  to  be  overlooked.  It  is  very  rare  indeed  for  the  blood  to  escape  to 
the  surface  and  appear  in  the  cavity  of  the  dura  mater.  Any  appear- 
ance of  blood  in  the  meninges,  however,  should  at  once  direct  attention 
to  the  larger  cerebral  arteries  as  the  probable  source  of  the  haemorrhage. 

The  explanation  of  the  extension  of  the  blood  into  the  bram  sub- 
stance suggests  itself  when  we  consider  the  circumstances  of  the  parts. 
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When  rupture  of  such  an  artery  occurs  the  blood  tears  its  way  around  ; 
it  passes  into  the  loose  connective  tissue,  and  by  and  by  reaches  the 
surface  of  the  brain.  Here  the  tissue,  being  soft,  tears  readily,  and  the 
blood  rapidly  passes  inwards.  On  the  other  hand  the  connective  tissue 
on  the  surface  is  tough  and  divided  by  numerous  bands  and  partitions, 
and  the  blood  will  tear  it  with  difficulty.  The  blood  may  work  its  way 
from  space  to  space  in  the  connective  tissue,  but  this  takes  time,  and 
probably  needs  considerable  pressure.  There  is  another  circumstance 
which  probably  has  to  do  with  the  blood  so  constantly  finding  its  way 
into  the  brain  substance.    As  we  shall  see  afterwards,  a  large  number 


Fig.  471. — Aneurysms  of  larger  cerebral  arteries.  A  large  one  at  the  bifurcation  of 
the  left  middle  cerebral.  There  is  an  aperture  at  its  summit,  from  which  fatal 
hajmorrhage  oceuired.    A  small  one  near  the  origin  of  right  anterior  cerebral. 


of  the  cases  of  haemorrhage  in  this  situation  are  from  rupture  of 
aneurysms.  Now  an  aneurysm  will  probably  project  more  readily 
towards  the  surface  of  the  brain  where  the  substance  is  soft,  than  in 
other  directions,  and  when  such  an  aneurysm  ruptures  it  may  do  so 
directly  into  the  brain. 

The  Cause  of  the  rupture  of  these  larger  arteries  is  to  be  sought  for 
in  disease  of  their  walls  and  increase  of  the  blood-pressure. 

The  commonest  cause  is  Aneurysm  of  these  arteries,  which  is  of 
remarkably  frequent  occurrence.  The  great  majority  of  the  cases  of 
cerebral  haimorrhage  occurring  before  the  age  of  fifty  years  is  due  to 
the  rupture  of  aneurysms  of  these  larger  arteries.  The  aneurysms 
are  mostly  thin-walled  and  therefore  prone  to  rupture.  Their  most 
frequent  seat  is  on  the  middle  cerebral  artery  or  one  of  its  branches  in 
the  fissure  of  Sylvius,  but  they  may  occur  on  any  of  the  arteries  of  the 
brain  and  are  not  infrequently  multiple  (see  Fig.  471). 
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The  frequent  occurrence  of  these  aneurysms  and  their  serious  import  suggests  an 
inquiry  into  the  causes  of  their  formation.  In  the  first  place  the  arteries  are  thin- 
walled  and  are  placed  in  a  loose  tissue,  so  that  they  very  readily  undergo  dilatation. 
Any  local  injury  to  the  wall  may  be  the  starting  point  of  the  dilatation.  This  is 
often  effected  by  Embolism.  In  a  large  proportion  of  cases  the  aneurysm  is  asso- 
ciated with  valvular  disease  of  the  heart,  and  an  embolus  imperfectly  obstructing 
an  artery,  especially  if  it  be  a  cretaceous  piece  broken  off  from  a  valve,  may  readily 
injure  the  wall  so  as  to  allow  of  dilatation.  Ponfick  has  found  that  in  a  consider- 
able proportion  of  cases  of  acute  endocarditis  there  is  embolism,  with  either  fully 
formed  or  incipient  aneurysms.  Another  indication  of  the  origin  from  embolism 
is  that  the  aneurysm  is  frequently  at  a  bifurcation.  The  bifurcation  of  an  artery  is 
a  common  situation,  as  in  Fig.  471,  and  more  particularly  the  bifurcation  of  the 
internal  carotid  into  middle  and  anterior  cerebral.  The  aneurysm  in  that  case  is 
almost  a  bulged  out  continuation  of  the  carotid,  and  this  suggests  an  embolus 
pitched  against  the  projecting  angle  between  the  branches.  When  they  have  an 
origin  such  as  this  the  aneurysms  will  be  specially  thin-walled  and  partake  of  the 
characters  of  false  aneurysms.  This  mode  of  origin  also  goes  far  to  explain  the 
greater  predominance  of  these  aneurysms  in  the  middle  cerebral  artery,  which,  as 
we  have  seen,  is  especially  liable  to  embolism.  Another  occasional  cause  of  cerebral 
aneurysm  is  Atheroma.  This  disease  injures  the  vessel- wall  and  produces  obstruc- 
tion, and  it  may  lead  to  aneurysm  on  the  one  hand  by  weakening  the  wall,  and  on 
the  other  by  locally  increasing  the  blood-pressure  on  the  proximal  side  of  the 
obstruction.    Syphilitic  disease  is  also  assigned  as  a  cause  of  aneul-ysm. 

Atheroma  of  the  larger  cerebral  arteries  is  a  frequent  lesion,  and  it  is 
sometimes  associated  with  haemorrhage  in  the  substance  of  the  brain. 
The  hsemorrhage  is  not  from  the  larger  arteries  at  present  under  con- 
sideration, but  from  the  nutrient  arteries,  to  the  more  considerable  of 
which  the  atheroma  may  extend. 

2.  Haemorrhage  from  the  nutrient  arteries. — As  these  vessels  run  in 
the  substance  of  the  brain  the  hemorrhage  is  always  cerebral  and  rarely 
extends  to  the  meninges.  It  might  be  supposed  that  as  the  nutrient 
vessels  are  small  the  hsemorrhage  from  them  would  be  small,  and  in 
many  cases  it  is  so;  but  when  bleeding  has  once  begun,  the  blood 
tearing  the  brain  substance  ruptures  other  vessels,  and  there  is  often  a 
considerable  effusion  of  blood. 

HEemorrhage  of  any  consequence  rarely  occurs  from  the  cortical 
nutrient  vessels,  but  is  vSry  common  from  the  central  nutrient  arteries. 
The  circumstances  of  these  latter  go  far  to  explain  this.  They  arise  from 
large  stems,  mainly  from  the  middle  cerebral  artery  immediately  after 
its  origin  from  the  internal  carotid.  It  is  clear  that  the  blood  here  will 
be  at  a  pressure  not  much  less  than  that  of  the  aorta,  and  any  varia- 
tions of  pressure  will  tell  readily.  On  the  other  hand,  the  cortical 
vessels  mostly  arise  from  fine  vessels  in  which  the  blood-pressure  has 
been  reduced  by  successive  division  and  sub-division. 

As  to  the  Causes  of  ha3morrhage  in  these  arteries,  Aneurysm  again 
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plays  the  most  -important  part.  As  the  arteries  are  small  so  are  the 
aneurysms,  but  they  are  numerous  in  the  same  person.  Such  aneurysms 
have  been  called  by  Bouchard  and  Charcot  Miliary  aneurysms.  They 
occur  in  every  region  of  the  brain,  but  are  most  readily  detected  on 
the  surface  of  the  convolutions,  where,  on  stripping  off  the  pia  mater 


Pig.  472. — Sacculated  miliary  aneurysm  of  a  nutrient  artery  of  the  brain.  The 
aneviry.sm  is  about  the  twentieth  of  an  inch  in  diameter,    x  27. 

from  the  convolutions,  they  may  be  seen  as  small  red  or  brown  spots. 
When  examined  under  the  microscope  they  have  all  the  characters  of 
ordinary  aneurysms.    Most  of  them  are  sacculated  (Fig.  472),  but  some 


Fig.  473. — Fusiform  miliary  aneurysm,    x  27. 

are  fusiform  (Fig.  473).  It  is  stated  that  the  cause  of  their  formation 
IS  a  sclerosis  of  the  walls  of  the  arteries,  involving  first  a  formation  of 
round  cells  in  the  external  coat  with  subsequent  development  into 
fibrous  tissue.  According  to  Recklinghausen,  however,  the  first  lesion 
IS  a  rupture  of  the  media— an  origin  which,  considering  the  mode  of 
formation  of  aneurysms  generally,  seems  a  very  probable  one.    In  that 
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case  the  sclerosis  of  the  wall  is  to  be  regarded  as  the  result  of  an 
inflammation  secondary  to  the  injury.  Miliary  aneurysms  are  mostly 
met  with  in  old  people ;  in  persons  above  fifty  cerebral  haemorrhage  is, 
in  the  larger  proportion  of  cases,  due  to  rupture  of  miliary  aneurysms. 

In  a  case  observed  by  the  author  there  was  frequently  in  the  arteries  a  fatty 
degeneration  afiecting  chiefly  the  internal  coat.  This  was  present  in  patches  in  a 
large  number  of  vessels  of  small  size.  In  connection  with  it  there  was  sometimes 
a  partial  dilatation,  an  aneurysm  obviously  forming,  and  also  fully  formed 
aneurysms.  Older  and  more  recent  hemorrhages  were  connected  with  the 
aneurysms,  and  there  was  one  very  large  fatal  hsemorrhage. 

Although  the  aneurysms  are  present  in  all  regions  of  the  brain, 
rupture  seldom  occurs  except  in  those  of  the  central  arteries.  The 
explanation  of  this  has  already  been  indicated,  and  it  has  been  mentioned 
that  the  lenticulo-striate  branch  is  pre-eminently  that  from  which 
hsemorrhage  occurs. 

Atheroma,  with  increased  blood-pressure,  is  occasionally  a  cause  of 
haemorrhage  from  the  nutrient  arteries.  It  is  difficult  to  understand 
how  atheroma,  which  consists  in  a  thickening  of  the  intima,  should 
lead  to  hsemorrhage.  It  has  been  pointed  out,  however  (see  p.  552). 
that  the  atheromatous  patch  often  produces  injury  and  rupture  of  the 
media,  thereby  leading  to  aneurysm  in  some  cases.  In  like  manner, 
in  such  small  thin-walled  vessels  as  the  nutrient  arteries  it  may  pre- 
dispose to  rupture.  It  is  doubtful  if  rupture  actually  occurs  without 
an  increase  in  blood-pressure.  Hence  the  coincidence  of  atheroma 
with  chronic  Bright's  disease— in  which  the  general  blood-pressure  is 
i-aised— not  infrequently  leads  to  cerebral  hsemorrhage. 

Atheroma  is  not  a  frequent  disease  in  the  smaller  arteries  of  the 
body  It  is  very  common  in  the  larger  arteries  of  the  bram,  and 
extends  even  to  the  smaller  branches  of  these  arteries  in  the  sulci.  It 
does  not  usually  affect  the  corrical  nutrient  arteries,  but  not  infre- 
quently extends  to  the  larger  central  arteries,  especially  those  going  to 
the  basal  ganglia.  As  these  arteries  are,  for  their  size,  exposed  to  a 
higher  blood-pressure  than  others,  and  as  they  are  surrounded  by  the 
soft  brain  substance,  they  rupture  more  readily.  It  will  be  noted  that 
it  is  these  same  arteries,  and  more  particularly  the  lenticulo-stnate 
branch,  which  are  most  frequently  the  seat  of  rupture  from  aneurysm. 

3  Hsemorrhage  from  the  capillaries.-A  certain  amount  of  capi  laiy 
ha.morrha<^e  generally  accompanies  all  larger  bleedings.  The  explana- 
'r  o  this  seems  to  be  that  the  pressure  of  blood  produces  such 
bstrlion  of  the  vessels  around,  that  frequent  le^^ge  occ.^^^^^^^^^^^ 
the  capillaries.  In  thrombosis  of  the  sinuses  and  veins  theie  is  also 
capirrrt-orrhage  (see  above).    Again,  embolism  may  cause  capU- 
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laiy  hajmorrhage,  and,  as  we  have  seen,  the  blood  is  often  mixed  with 
the  softened  brain  tissue.  Septic  embolism,  as  in  ulcerative  endocarditis 
and  pyasmia,  leads  to  capillary  hsemorrhage.  Lastly,  we  may  have 
leakage  ftom  the  capillaries  in  scurvy,  purpura,  leukaemia,  and  other 
morbid  states  of  the  blood. 

In  capillary  haemorrhages  the  collections  of  blood  are  generally  small 
in  size,  forming  a  congeries  of  red  puncta.  But  if  very  frequent 
and  closely  set  they  may  run  together  and  form  a  considerable 
effusion. 

Appearances  of  the  brain  in  haemorrhage. — The  appearances  pre- 
sented when  a  person  dies  soon  after  the  occurrence  of  haemorrhage  are 
sufficiently  characteristic.    The  eff'used  blood  increases  the  contents  of 
the  skull,  and  in  order  to  aff'ord  accommodation  for  it  there  must  be 
some  displacement  and  crushing  of  the  brain  substance.     If  the 
h^moiThage  be  at  all  extensive  we  find  on  opening  the  skull  that  the 
corresponding  hemisphere  is  bulged  outwards  and  perhaps  projects 
beyond  the  middle  line.    The  convolutions  are  more  or  less  flattened, 
and  there  is  a  certain  dryness  and  glazing  of  the  surface  which  indicate 
that  all  available  fluid  has  been  absorbed  to  make  room  for  the  addition 
made  to  the  contents  of  the  skull.   These  are  all  indications  of  increased 
pressure  within  the  skull,  and  during  life  this  increase  of  pressure 
causes  symptoms  referable  to  the  brain  as  a  whole  or  to  parts  removed 
from  the  seat  of  haemorrhage.    It  sometimes  happens  that  the  appear- 
ance of  blood  in  the  membranes  suggests  the  existence  of  haemorrhage 
before  the  brain  is  laid  open,  and  this  will  be  especially  the  case  when 
rupture  of  an  aneurysm  of  a  larger  artery  or  thrombosis  in  the  sinuses 
has  been  the  cause.    On  cutting  into  the  brain  substance  the  appear- 
ances will  vary  to  some  extent  according  to  the  cause  and  extent  of  the 
haemorrhage.    If  there  are  numerous  small  haemorrhages  closely  set 
there  will  be  much  softening  of  the  brain,  and  the  brain  substance  will 
be  mixed  with  blood.    If  the  haemorrhage  be  large  the  blood  will  be 
more  pure.    In  any  case  the  blood  produces  softening  in  the  parts 
around,  which  may  be  stained  with  the  blood  colouring-matter.  As 
already  mentioned,  there  are  usually  red  spots  from  capillary  hajmor- 
rhage  around  the  clot.   The  clot  itself  is  mixed  with  the  debris  of  brain 
substance,  and  the  internal  wall  of  the  cavity  in  which  it  lies  has  an 
irregular  character. 

If  the  patient  die  almost  immediately,  the  clot  is  exactly  like  an 
ordmary  gelatinous  post-mortem  coagulum.  But  if  he  survive  a  day  or 
two,  It  IS  more  drawn  together,  somewhat  firmer,  and  is  of  a  browner 
colour.  This  IS  sometimes  peculiarly  manifest  at  the  peripheral  part, 
so  that  a  kmd  of  capsule  may  be  formed  of  condensed  fibrine. 

3b 
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In  washing  away  the  clot  from  a  cavity  made  by  a  haimorrhage  one  often  isolates 
many  small  arteries  with  round  knobs  at  their  extremities.  These  are  arteries 
•which  have  been  torn  across  by  the  accumulating  blood.  The  torn  arteries  have 
withdrawn  within  their  sheaths,  and  these  latter  have  become  distended  with  little 
plugs  of  blood  which  have,  in  the  manner  already  described,  contributed  to  the 
stiUing  of  the  haimorrhage.  These  little  swellings  may  be  readily  mistaken  for 
miliary  aneurysms. 

The  observations  of  Durck  are  interesting  in  regard  to  the  changes  which  occur  in 
the  blood-corpuscles  and  their  pigment  after  hajmorrhages  in  the  brain.  These 
changes,  which  have  been  already  referred  to,  consist  mainly  in  swelling  up  of  the 
red  corpuscles,  discharge  of  their  pigment,  and  the  conversion  of  the  latter  first 
into  hsemosiderin,  and  then  into  Usematoidin  (see  page  394).    The  presence  of 
hffimosiderin  is  detected  (either  in  the  fresh  state  or  in  sections  made  after 
hardening  in  Mliller's  fluid  or  alcohol)   by  the  use  of  dilute  solutions  of 
ferrocyanide  of  potassium   and  hydrochloric  acid.    From  his  experiments  in 
the  lower  animals,  a  kind  of  time-table  has  been  constructed  by  Dlirck,  which 
may  approximately  be  applied  to  human  pathology.     From  the  second  day 
after  a  cerebral  hemorrhage  the  corpuscles  begin  to  swell  and  give  up  their 
pigment     On  the  third  day  amoeboid  cells  containing  red  corpuscles  are  first 
seen     These  red  corpuscles  undergo  shrinking  from  the  fifth  day.    On  the  sixth 
day  there  is  the  first  appearance  of  hemosiderin,  which  is  diffused  in  the  tissues. 
On  the  tenth  day  the  hemosiderin  is  collected  into  the  contractile  cells  but  still  in 
solution.    On  the  twelfth  it  begins  to  become  granular  inside  the  ceUs.    By  he 
eighteenth  the  granular  pigment  begins  to  get  free  by  disintegration  of  the  ceUs. 
About  the  twenty-fifth  day  there  begins  a  finely  granular  precipitation  of  the  pig- 
ment and  loss  of  its  iron,  which  by  the  thirty-fifth  day  has  made  essentia  progies. 
From  this  time  the  hematoidin  increases,  and  by  the  sixtieth  day  it  is  the  only 
forof  pigment  present,  and  it  is  entirely  extra-cellular.    By  this  time  crystals, 
which  are  identical  with  those  of  bilirubin,  may  be  present. 

Disposal  of  the  clot.    The  Apoplectic  cicatrix  and  cyst.-The 

pigment  of  the  coagulum  is  disposed  of  in  the  manner  indicated  above^ 
it  first  stains  the  surrounding  brain  tissue,  in  which  we  often  find  a 
rosy  or  rusty  colour.     It  finally  assumes  the  form  of  ta^rn^toidin 
crystals  of  which  are  frequently  met  with  in  com.ection  with  old 
hsemorrhages,  even  years  after  their  occurrence. 

The  further  dispoL  of  the  blood-clot  is  effected  by  a  process  analo^ 
gous  to  the  organization  of  a  thrombus  in  a  "^^^^^ 
Process  is  one  of  chronic  inflammation  with  the  result  that  a  vascular 
We  is  produced,  which,  forming  around  the  clot  takes  part  in 
nrption  by  penetrating  its  substance,  while  also  forming  a  capsule 

-^£::!:^:Lftt:"=^^  ^-e  may  result,  as  in 

thJrSsXing  of  the  brain,  a  Cicatrix  ^y^^J^— 
the  absorbed  matter  is. ^^^^^^^^^^  .  3ac 
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trabecuIiB  in  the  form  of  a  network.  It  is  indeed  more  an  cedematous 
cicatrix  than  a  cyst.  It  has  already  been  noticed  that  similar  cysts 
and  cicatrices  occur  as  a  result  of  softening  of  the  brain.  These  latter, 
however,  do  not  commonly  show  blood  crystals  in  their  walls,  whereas 
the  true  apoplectic  cyst  may  present  them  even  at  a  late  date. 

The  apoplectic  cyst  may  be  compared  in  its  origin  with  a  cicatrix  ;  it 
arises  by  the  formation  of  connective  tissue  and  fills  the  place  of  tissue 
lost,  and  it  is  only  because,  being  situated  in  the  midst  of  the  brain 
substance,  and  being  unable  to  contract  that  we  have  a  cyst  rather 
than  a  cicatrix.  In  this  respect  it  may  be  compared  with  the  organized 
thrombus  as  shown  in  Figs.  23  and  24,  pp.  83,  84,  in  which  the  shrinking 
of  the  new-formed  connective  tissue  produces  dilated  blood-vessels,  whilst 
here  it  is  merely  spaces  which  are  produced.  If  the  haemorrhage  has 
been  near  the  surface  of  a  ventricle  or  of  the  brain  itself  we  may  have 
a  cicatrix ;  or  a  cyst,  by  thickening  of  the  trabeculse  and  gradual  draw- 
ing together  of  the  parts,  may  be  converted  into  a  cicatrix.  In  the  case 
of  cicatrices  occurring  thus  on  the  surface  of  the  brain  the  soft  mem- 
branes are  depressed  and  puckered  and  firmly  adherent  to  them.  The 
cicatrices,  like  the  cysts,  often  present  some  remains  of  blood-colouring 
matter. 

Literature.— Duband-Fakdel,  Arch,  g^n.,  1844,  and  Traite  des  maladies  des 
vieillaids,  1854 ;  Burrows,  Disorders  of  cerebral  circulation,  1846 ;  Copeland, 
Nature  and  treatment  of  apoplexy,  1850  ;  Nothnagel  in  Ziemssen's  Encyclop. ; 
Hill,  L.,  The  cerebral  circulation,  1896.    Aneurysm  of  larger  arteries— ^uits, 
Dublin  Quart.,  iv.,  1847  ;  Gull,  Guy's  Hosp.  Eep.,  v.,  1859,  also  in  collection  of 
Published  Writings,  New  Syd.  Soc,  1894;  Ogle,  Med.  Times  and  Gaz.,  1866,  i. ; 
Church,  St.  Earth.  Hosp.  Eep.,  vi.,  1871  ;  Tufnell,  Dubl.  Quart.,  xv.,  1853;' 
Holmes'  Syst.  of  surg.,  Art.  "Aneurism";  Ponfick,  Virch.  Arch.,  Iviii.,  1873; 
Coats,  Glasg.  Med.  Jour.,  v.,  1873  (with  list  of  87  cases  and  tabulation  of  results) 
and  Trans,  of  Internat.  Med.  Congress,  1881,  i.,  415  ;  Peacock,  St.  Thomas's  Hosp 
Eep.,  1876;  Epron,  Th^se  de  Paris,  1890;  Gowers,  Man.  of  diseases  of  nervous 
system,  latest  edition.    Awiurysm  of  nutrient  arCeries— Charcot  et  Bouchard,  Arch 
de  Physiol.,  1868,  i.,  and  Charcot,  On  senile  dis.,  Syd.  Soc.  transl.,  1881;  Turner' 
Path  Trans.,  xxiii.,  1882;  Eichler,  D.  Arch.  f.  klin.  Med.,  xxii.,  1878;  Blood- 
jnrjment  m  cerebral  hiemorrharje-BuRCK  (with  references),  Virch.  Arch   vol  cxxx 
p.  29,  1892.  ■  ^^ii-j 


v.— INFLAMMATIONS  OF  THE  BRAIN. 
These  embrace  a  very  extensive  and  varied  set  of  conditions,  some  of 
which  have  little  in  common.    Thus  there  are  localized  inflammations 
ot  an  acute  kind,  going  on  sometimes  to  the  formation  of  abscesses  : 
hrr.i       T  inflammations  diffused  throughout 

memCe;.:tc""''°"  ^^'"'^'^-^  ^^^^^^"^  ^'-^ 
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1.  Acute  localized  non-septic  encephalitis.— We  have  already  seen 
that,  around  and  in  the  midst  of  ha;morrhagic  foci  and  cerebral  soften- 
ings, there  are  inflammatory  manifestations,  evidenced  by  the  presence 
of  leucocytes  containing  tat  granules.  The  inflammatory  process  does 
not  go  on  to  suppuration,  but  results  in  the  formation  of  connective 
tissue,  constituting  a  cyst  or  a  cicatrix. 

2.  Abscess  of  the  brain.— Abscess  of  the  brain  being,  like  abscess 
elsewhere,  a  septic  process,  arises  by  the  implantation  of  pyogenic 
microbes  in  the  brain  substance.  The  disease  is  a  somewhat  frequent 
one.  The  abscess  is  usually  single,  but  occasionally  there  is  more 
than  one. 

Causation  and  mode  of  infection.— The  brain  being  enclosed  m 
several  envelopes,  one  of  which  is  a  bony  case,  the  pyogenic  microbes 
can  only  find  access  to  it  either  by  lesions  of  the  enveloping  structures, 
or  by  means  of  the  arteries.  The  latter  is  a  very  unusual  mode  of  nifec- 
tion  but  it  has  been  met  with,  especially  in  cases  of  disease  of  the  lungs 
characterized  by  suppurating  cavities.  In  two  cases  m  which  thrush 
was  coincident,  the  abscesses  in  the  brain  contained  growths  of  the 
oidium  albicans.  In  the  great  majority  of  cases  it  is  by  the  extension 
of  septic  processes  from  the  bones  of  the  skull  that  abscesses  of  the 

brain  are  l^rought  about.  _ 

Given  a  septic  inflammation  in  any  part  of  the  cranium,  there  are 
several  ways  in  which  the  infection  may  spread  inwards.  There  may 
be  a  direct  extension  from  the  bone  to  the  dura  mater.  In  that  case  a 
septic  pachymeningitis  is  the  result.  Pus  may  collect  inside  the  dura 
mater  and  may  be  limited  by  adhesions,  so  as  to  lead  to  a  subdural 
abscess,  perhaps  with  erosion  of  the  brain.  Or  without  any  consider^ 
able  aciulation  of  pus  between  the  dura  mater  and  the  bone,  th 
septic  process  may  advance  into  the  brain.  There  is  usually  m  this 
as  adhesion  of  the  dura  mater  to  the  brain  and  some  softemng  of  the 


case 
latter 


Again  infection  frequently  travels  by  the  veins  and  ven  ns  muse^ 
itLie  inflammation  of  a  cranial  bone  may  directly  involve  the  wall 
I  ve  n  o"  sinns.    Thrombosis  is  thus  induced,  and  as  there  are  septic 
Inls  nre  elt  a  thrombo-phleMtis  is  the  result.    The  extension  may 
S  dtectly  to  one  of  the  sinuses  of  the  dura  mater.   On  the  otlnir  hand 
tl  xtenLn  may  be  first  to  one  of  the  veins  of  the  dip  oe  and  then  c 
the  sinus    The  veins  of  the  dipM  open  partly  into  vems  outside  the 
ItaX^rtly  into  those  inside.    In  the  latter  ^^^  f^ 
:  to  extend  to  the  intra-cranial  venous  sinuses,  as 

e  t  t  slt'of The  original  disease  is  the  -^^^^^^ ^^ZZ^^ 
whether  directly  or  by  the  veins  of  the  diploc,  is  usually 
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and  lateral  sinuses.    In  this  connection  it  is  also  of  consequence  that 

the  posterior  temporal  vein  of  the  dijiloe  opens  into  the  lateral  sinus. 

On  the  other  hand,  it  is  to  be  remembered  that  the  intra-cranial  sinuses 

receive  blood  from  the  cerebral  veins,  and  there  is  thus  a  communication  [ 

between  the  bones  and  the  cerebral  substance.    The  thrombosis  which 

accompanies  the  process  is  liable  to  block  the  sinuses,  and  the  blood  . 

may  in  consequence  even  partially  regurgitate  into  the  veins  of  the 

brain,  carrying  septic  agents  with  it,  or  there  may  be  a  propagation  of 

the  septic  thrombosis  into  these  veins. 

In  this  mode  of  extension  there  is  liable  to  be  a  septic  Lepto-meningitis 
from  the  infection  spreading  to  the  pia-arachnoid.    Abscess  of  the  brain  ; 
may  therefore  be  associated  with  that  disease,  or  either  abscess  or  lepto-  ] 
I     meningitis  may  occur  alone.  ! 

A  more  unusual  and  possibly  more  doubtful  mode  of  extension  is  ; 
along  the  perivascular  lymphatics.    The  infective  process  may  possibly  ' 
penetrate  along  the  outside  of  the  veins  without  producing  a  septic 
thrombosis  of  the  veins  themselves.  i 

The  primary  septic  inflammation  of  the  bones  has,  in  the  majority  of  | 
cases,  its  origin  in  suppurative  disease  of  the  middle  ear  {otiiis  media).  ] 
It  is  very  seldom  that  an  acute  otitis  media,  even  though  it  be  sup-  ; 
purative,  leads  to  septic  inflammation  inside  the  skull.  It  is  usually  ' 
the  chronic  cases,  in  which  the  tympanic  membrane  has  been  lost  and  j 
there  has  been,  it  may  be  for  years,  a  discharge  from  the  external  ; 
meatus.  The  suppuration  in  the  middle  ear  affects  the  mucous  mem-  ! 
brane,  which  is  here  closely  connected  with  the  bone  and  acts  as  a 
periosteum.    Hence  the  bone  is  liable  to  be  aftected,  becoming  carious  '  ' 

or  even  undergoing  necrosis.  The  tympanic  cavity  and  mastoid  cells 
both  send  blood  into  the  sinuses  of  the  dura  mater  by  means  of  veins 
which  pass  through  the  bone ;  those  of  the  tympanum  passing  into  the 
petrosal  sinus  and  those  of  the  mastoid  cells  into  the  lateral  sinus. 

The  abscesses  arising  from  ear  disease  are  usually  situated  either  in 
the  temporo-sphenoidal  lobe,  or  in  the  cerebellum.  In  the  latter  case 
the  extension  has  occurred  for  the  most  part  by  the  sinuses  and  veins. 

Injuries  to  the  head  sometimes  give  rise  to  abscess  of  the  brain  by 
extension  of  the  septic  process.    Compound  fractures  with  freely  open 
wounds  have  seldom  this  result.     It  is  mostly  punctured  fractures 
,f!      where  infective  matter  is  carried  deeply  inwards.    There  may  even  be 
|j      a  septic  extension  without  fracture  where  the  bones  of  the  skull  have 

been  exposed  in  a  wound  and  dirt  ingrained  into  them. 
„.(         Disease  of  the  nose  and  orbit  are  rare  causes  of  cerebral  abscess,  and 
It  IS  only  when  the  bones  are  afl^ected,  as  in  some  cases  of  syphilis,  that 
extension  will  occur.    Septic  inflammations  of  the  skin  of  the  face  and  ' 
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of  the  scalp,  more  particularly  eiysipelas,  sometimes  lead  to  septic 
lepto-meningitis,  but  seldom  to  abscess  of  the  brain.  The  extension 
here  occurs  by  the  veins,  a  thrombo-phlebitis  extending,  it  may  be, 
from  the  orbit  whose  veins  have  communications  with  the  cavernous 
sinus  inside  the  skull. 

Formation  and  character  of  the  abscess. — The  abscess  begins  pre- 
sumably with  a  small  softening  which  goes  on  to  suppuration.  The 
fully  formed  abscess  contains  a  thick  pus,  usually  greenish  in  colour, 
and  in  the  case  of  ear  disease  generally  exhaling  a  pungent  putrid 
odour.  In  many  cases  the  abscess  is  really  a  chronic  one  and  the  pus 
corpuscles  are  disintegrated.  It  is  bounded  usually  by  a  distinct  wall 
formed  of  granulation  tissue,  sometimes  partly  developed  into  connective 
tissue.  This  frequently  forms  a  definite  separable  membrane,  which 
separates  the  abscess  from  the  brain  tissue,  the  latter  being  often 
softened  in  the  immediate  vicinity.  The  membrane  takes  some  time 
to  form,  being  rarely  distinct  till  the  third  week  and  not  fully  formed 
for  two  months  or  even  longer.  When  once  formed  and  encapsuled 
the  abscess  may  remain  long  stationary,  but  it  usually  enlarges 
gradually,  and  may  finally  burst  into  the  lateral  ventricles  or  on  to  the 

surface  of  the  brain. 

The  abscess  causes  enlargement  of  the  part  affected,  and  the  con- 
volutions over  it  are  flattened  and  softened.  According  to  Ballance 
some  40  per  cent,  of  all  cases  of  abscess  of  the  brain  are  secondary  to 
middle  ear  disease  and  are,  with  few  exceptions,  located  either  m  the 
lateral  lobe  of  the  cerebellum  or  less  frequently  in  the  temporo- 

sphenoidal  lobe.  •  •  a 

3  Chronic  localized  encephalitis.— The  processes  of  chrome  uiflam- 
mation  are  similar  to  those  in  the  spinal  cord,  and  the  result  here,  as 
there  is  Sclerosis.  In  the  case  of  the  brain  there  is  hardly  anythmg  ot 
the  systematic  sclerosis  so  frequent  in  the  cord.  There  ,s,  however, 
one  form  of  disease  which  affects  both  brain  and  spinal  cord,  and  which 
presents  some  analogies  with  the  systematic  scleroses  of  the  cord. 

Disseminated  or  Insular  sclerosis,  Sclerosis  in  patches.-The  causa- 
tion of  this  disease  is  exceedingly  obscure.    Marie  is  of  opnnon  that 
the  vast  maiority  of  cases  the  cause  is  some  form  of  infection  Ibe 
frequency  w  th  wMch  the  disease  follows  some  of  the  acute  infectious 
^Les,Lpeciallytyphoidfever,  small-pox,  andscai^etfev^^^^^^^^^^^ 
of  this  view     In  some  cases  a  history  of  traumatism  is  obtainable,  but 
n  many  no  definite  cause  can  be  assigned.    Syphihs  does  not  seem  o 
play  any  causative  r6le.    It  mostly  comes  on  without  any  ^f"^^ 
being  assignable.    It  is  characterized  by  the  occurrence  o^^to^^  ^^ 
chronic  inflammation  or  degeneration  scattered  over  the  cord,  oi  the 
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brain,  or  both.  These  patches  have  all  the  characters  of  sclerosis ;  in 
the  white  substance,  where  they  chiefly  occur,  they  are  grey,  and  in 
both  white  and  grey  substance  they  produce  induration  and  shrinking. 
Under  the  microscope  the  sclerosed  white  substance  shows  loss  of  the 
medullary  sheaths  of  the  fibres,  while  the  axis  cylinders,  except  in 
advanced  stages,  are  largely  retained.  In  the  grey  substance,  the 
ganglion  cells  are  shrunken,  sometimes  with  pigmentation.  At  the 
peripheral  parts  of  the  patch  there  may  be  evidences  of  more  active 
inflammation,  in  the  form  of  abundant  round  cells  along  with  compound 
granular  corpuscles. 

The  distribution  of  the  patches  is  somewhat  irregular.  They  are 
found  of  various  sizes  in  the  cord,  medulla  oblongata,  pons,  peduncles, 
corona  radiata,  cerebral  convolutions,  and  cerebellum.  In  such  different 
situations  the  sclerosis  leads  to  very  various  functional  disturbances. 
The  great  frequency  of  motor  tremors,  however,  suggests  some 
tendency  to  localization.  Erb  has  jDointed  out  that  when  tremors 
exist,  patches  are  specially  present  on  the  peduncular  parts  (pons, 
medulla,  peduncles).  If  patches  are  seated  there,  the  motor  impulses 
will  be  imperfectly  conducted  but  not  absolutely  interrupted,  as  the 
axis  cylinders  are  preserved. 

4.  Diffused  encephalitis. — This  term  may  be  applied  to  conditions 
in  which  there  is  a  general  irritation  of  the  brain,  presumably  by  an 
irritant  circulating  in  the  blood.  It  may  be  held  to  include  a  con- 
siderable number  of  varied  conditions.  As  the  irritant,  being  in  the 
blood,  will  attack  all  parts  equally,  we  may  expect  to  find  evidences  of 
irritation  in  the  spinal  cord  as  well  as  in  the  brain,  but  as  in  other 
cases  of  morbid  poisons,  there  will  be  a  selective  character. 

(a)  In  Acute  febrile  diseases  it  may  be  presumed  that  the  brain  is 
irritated  by  poisons  in  the  blood.  According  to  Popoff,  this  is 
evidenced  in  the  case  of  typhoid  fever  by  the  presence  of  abundant 
leucocytes.  These  are  stated  to  be  particularly  abundant  around  the 
vessels,  evidently  spreading  out  from  these.  The  leucocytes  are 
frequently  found  in  the  spaces  around  the  ganglion  cells  (pericellular 
lymph  spaces),  and  even,  in  some  cases,  in  the  substance  of  the  ganglion 
cells. 

Middleton  has  pointed  out  that  in  delirium  tremens,  tubercular 
meningitis,  urajmia,  fracture  of  the  skull  with  injury  to  the  brain, 
erysipelas,  etc.,  the  brain  substance  is  over-run  with  leucocytes,  the 
appearances  being  somewhat  similar  to  those  to  be  described  as  occur- 
nng  in  hydrophobia.  In  all  cases  where  irritation  of  the  nervous 
centres  is  evidenced  during  life  by  Delirium  or  otherwise,  these  signs 
of  irritation  may  be  looked  for  in  the  brain  after  death.    In  some  cases 
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of  erysipelas,  diphtheria,  and  septic  inflammations,  micrococci  have 
been  detected  forming  centres  of  irritation  with  minute  softenings. 

(b)  General  paralysis  of  the  insane  {Dementia  parahjtica). — The  caus- 
ation of  this  disease  is  obscure,  but  as  it  has  the  general  characters  of 
an  acute  inflammation,  followed  by  a  chronic  and  atrophic  stage,  it 
may  be  supposed  that  it  is  due  to  an  irritant  of  some  kind  acting  on 
the  brain  and  spinal  cord  generally. 

The  earlier  periods  of  the  disease  are  characterized  by  evidences  of 
abnormal  cerebral  activity,  such  as  mania,  which  is  sometimes  very 
furious.  In  this  acute  period  the  brain  is  swollen  and  hyperajmic,  and 
there  are  multiple  foci  in  which  collections  of  leucocytes  and  capillary 
haemorrhages  are  visible. 

In  the  chronic  periods,  which  most  cases  have  reached  before  death, 
the  appearances  are  those  of  a  chronic  inflammation  of  the  brain  and  its 
membranes,  along  with  degeneration  and  atrophy  of  the  brain  substance. 
The  disease  has  thus  very  much  the  characters  of  a  meningitis  and 
interstitial  cerebritis  with  loss  of  the  proper  nervous  tissue  as  a  con- 
sequence— a  cirrhosis  of  the  brain. 

The  appearances  are  prominently  those  of  Atrophy  of  the  brain.  On 
removing  the  calvarium  the  dura  mater  is  commonly  found  wrinkled 
and  the  soft  membranes  cedematous,  evidently  from  shrinking  of  the 
brain  substance.    The  oedema  of  the  membranes  is  most  visible  in  the 
sulci,  which  gape  and  are  filled  up  with  cedematous  connective  tissue. 
The  fluid  is  chiefly  over  the  parietal  and  occipital  lobes,  perhaps  from 
gravitation.    There  is  also  distension  of  the  ventricles,  frequently  very 
great,  so  that  the  brain  substance  lying  between  the  fluid  in  the  ven- 
tricles and  the  cedematous  membranes  is  greatly  shrunken.   The  surface 
of  the  ventricles  is  beset  with  little  prominent  granulations  which  are 
often  very  marked,  especially  in  the  floor  of  the  fourth  ventricle,  where 
the  appearance  has  been  likened  to  the  tongue  of  a  cat  {lavgue  de  chat). 
The  pia  mater  is  adherent  to  the  surface  of  the  convolutions,  so  that  on 
attempting  to  remove  it  portions  of  brain  substance  come  away.  These 
adhesions  may  be  taken  as  indications  of  the  inflammatory  nature  ot 
the  disease,  and  their  locality  affords  some  evidence  of  the  locahzation 
of  the  lesions     Crichton  Browne  states  that  they  occur  mauily  m  the 
anterior  three-fourths  of  the  brain,  affecting  the  frontal  lobe  chiefly  in 
its  anterior  and  posterior  thirds,  and  the  parietal  in  all  its  convolutioiis 
The  brain  as  a  whole  is  greatly  reduced  in  weight.    Taking  the 
normal  weight  of  the  brain,  including  membranes,  etc.,  as  fifty  ounces 
for  the  adult  male,  and  forty-five  for  the  female,  the  weight  in  genera 
paralysis  often  falls  to  thirty-five  ounces.    The  loss  of  weight  does  no 
affect  the  brain  uniformly ;  it  is  mainly  the  cerebral  hemispheres  that 
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are  affected,  the  basal  ganglia  and  peduncular  parts  being  much  less  so 
and  the  cerebellum  not  at  all. 

The  membranes  show  irregular  thickenings.  The  Pia  mater  presents 
milky  opacities  or  more  obvious  patches  of  thickening.  The  Dura  mater 
is  so  frequently  affected  that  at  one  time  it  was  supposed  to  be  the 
primary  seat  of  the  disease.  It  presents  patches  of  thickening,  opacities, 
and  even  flat  bony  developments,  and  it  is  commonly  adherent  to 
the  calvarium.  Not  infrequently  there  are  extravasations  of  blood  of 
smaller  or  larger  size  accompanied  by  appearances  to  be  described  after- 
wards as  Pachymeningitis  chronica  haemorrhagica.  The  Calvarium 
itself  sometimes  presents  thickening,  which  is  usually  diffuse,  and  may 
be  chiefly  due  to  the  shrinking  of  the  brain  ;  sometimes  there  are  also 
local  prominences  or  actual  exostoses.  Sometimes  the  diploe  is  con- 
verted into  dense  bone,  so  that  the  calvarium  is  much  heavier  than 
normal — so-called  sclerosis  of  the  bone. 

These  appearances  are  due  to  inflammation  and  shrinking  of  the  brain 
substance,  the  dropsy  of  the  ventricles  and  oedema  of  the  membranes 
occurring  in  order  to  fill  up  the  space  formerly  occupied  by  the  brain, 
the  cranium  being  a  cavity  of  fixed  size  and  the  dropsy  being  ex  vacuo. 

The  appearances  under  the  microscope  are  chiefly  those  of  diffuse 
sclerosis  and  atrophy  of  the  brain  substance.  We  have  already  seen 
that  there  is  sclerosis  of  the  posterior  columns  of  the  cord,  and  this 
may  even  be  an  early  condition.  In  the  brain  there  are  often  traces 
of  the  earlier  acute  condition  in  the  form  of  little  clumps  of  pigment 
around  the  vessels,  the  remains  of  former  extravasations.  But  the 
appearances  are  more  those  of  degeneration.  The  ganglion  cells  are 
shrunken  and  frequently  pigmented  ;  the  blood-vessels  show  some- 
times fatty  degeneration,  sometimes  a  homogeneous  glancing  appear- 
ance (colloid),  and  they  are  frequently  obstructed  by  glancing  masses 
which  are  partly  calcareous  and  partly  colloid.  These  appearances  are 
not  to  be  regarded  as  in  any  way  peculiar  to  this  disease,  they  are 
simply  evidences  of  the  profound  atrophy  of  the  brain,  and  may 
occur  to  a  limited  extent  in  old  persons  where  there  has  been  only 
a  senile  atrophy. 

(c)  Hydrophobia.— In  this  disease  the  symptoms  indicate  irritation 
of  certain  nerve  centres,  and  a  greatly  increased  reflex  irritability.  The 
•centres  irritated  are  chiefly  those  of  the  medulla  oblongata  and  spinal 
cord,  although  delirium,  indicating  irritation  of  the  cerebral  cortex,  is 
also  occasionally  present.  The  symptoms  point  mainly  to  the  medulla 
oblongata  ;  there  are  various  spasms  of  the  muscles  of  deglutition  and 
respiration  which  occur  to  some  extent  spontaneously,  but  are  also 
evoked  by  slight  sensory  stimulation.    The  mere  sight  of  water  gives 
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rise  to  the  idea  of  swallowing  it,  and  brings  on  a  violent  spasm  of  the 
muscles  of  deglutition.  A  breath  of  cold  air  on  the  surface  of  the  body 
causes  a  violent  respiratory  spasm  or  gasp.  The  centres  in  the  cord 
are  also  irritated,  as  shown  by  the  tendency  to  spasm  of  the  muscles 
generally. 

An  irritating  virus  is  present  in  the  blood  and  induces  this  con- 
dition of  the  nervous  system.    Pasteur's  researches  have  proved  that 


Fig.  474.— A  blood-vessel  from  the  meduUa  oblongata  in  a  case  of  hydrophobia. 
Large  numbers  of  leucocytes  are  seen  in  its  sheath,   x  350. 

the  virus  is  present  in  the  cord  and  medulla.  After  death  manifest 
signs  of  irritation  are  usually  visible  on  microscopic  examination.  They 
are  to  be  found  most  characteristically  in  the  medulla  oblongata  and 
next  to  that  in  the  spinal  cord,  but  are  not  absent  in  the  other  parts  of 
the  nervous  system.  The  most  prominent  condition  is  an  accumula- 
tion of  leucocytes  around  the  vessels  in  the  substance  of  the  cord  and 
medulla  oblongata.  There  may  be  just  a  few  leucocytes  in  the  sheath, 
but  from  this  there  are  all  gradations  up  to  a  condition  in  which  the 
vessel  is  clothed  with  a  mantle  consisting  of  many  layers  of  leucocytes 
(FW  474)  The  leucocytes  are  also  present  elsewhere,  and  sometimes 
in  such  quantities  as  to  induce  some  observers  to  speak  of  the  collec- 
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tions  as  miliary  abscesses.  The  leucocytes  find  their  way  into  the 
pericellular  spaces  and  are  found  keeping  company  with  the  ganglion 
cells  in  these  situations.  In  the  medulla  oblongata  the  main  nutrient 
vessels  are  towards  the  posterior  part,  and  as  the  motor  nuclei  are  in 
this  region,  it  may  be  that  the  localization  of  the  irritation  here  is 
partly  determined  by  their  proximity.  In  addition  to  these  conditions 
minute  hemorrhages  have  been  observed  in  the  medulla  and  cord. 

Signs  of  irritation  are  present  in  other  parts  of  the  body  besides  the 
nervous  system.  The  salivary  glands  have  been  found  to  present 
abundant  leucocytes  between  the  glandular  elements  (Fig.  475).  In 
the  kidneys  also  there  are  signs  of  irritation  in  the  form  of  dilatation 
of  vessels  and  haemorrhage. 


Fig.  475.— Fi-om  the  salivary  gland  iu  a  case  of  hydrophobia.  In  the  middle  is 
portion  of  a  duct ;  abundant  leucocytes  surround  it  as  well  as  the  glandular 
structure,  shown  in  outline,  x 


It  is  clear  then  that  here  an  intense  irritant,  presumably  the  toxin 
of  a  microbe  as  yet  undiscovered,  is  circulating  in  the  blood,  and  the 
intensity  of  it  may  be  judged  from  the  fact  that  all  these  very  marked 
appearances  occur  within  two  or  three  days  of  the  onset  of  the  nervous 
symptoms.  These  structural  changes  vary  greatly  in  degree  in  different 
cases,  being  sometimes  very  slight.  This  would  indicate  that  the 
virus  attacks  the  nerve  structures  directly,  and  that  the  inflammatory 
appearances  are  concomitants  and  not  necessary  parts  of  the  morbid 
process. 

(t^)  Tetanus.— This  disease  had  for  long  been  suspected  to  be  an 
infective  disease  by  many,  but  the  demonstration  and  full  elucidation 
of  Its  nature  have  only  been  effected  within  recent  years.  The 
Tetanus  bacillus  is  a  slender  rod.  Under  certain  circumstances  it 
produces  spores,  and  these  are  peculiarly  situated  at  the  ends  of  the 
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rods  SO  that  there  is  the  appearance  of  a  drum-stick.  The  spores 
are  very  resistant,  even  to  considerable  heat.  The  bacillus  is  readily 
stained  by  the  ordinary  dyes  and  also  by  Gram's  method. 

The  bacillus  or  spores  are  present  in  earth,  dust,  and  sometimes  in 
the  fajces  of  animals.  It  grows  in  the  ordinary  culture  media,  but  is 
strictly  anaerobic.  The  cultures  present  fine  brush-like  or  fir-tree 
like  prolongations.  They  emit  a  peculiar  odour.  In  the  cultures  an 
extraordinarily  virulent  toxin  is  produced  which  shows  a  very  special 
affinity  for  the  nervous  tissues.  The  symptoms  of  tetanus  may  be 
produced  by  injection  of  it  free  from  bacilli.  Its  nature  is  not 
definitely  known,  but  it  is  destroyed  by  heat. 

The  microbe  grows  locally  but  produces  little  local  disturbance,  at 
most  some  hyperaemia  but  no  suppuration.  It  does  not  propagate  in 
the  blood.  The  symptoms  are  produced  by  the  absorption  of  the  toxin 
into  the  blood.  It  is  highly  pathogenic  in  the  horse  and  guinea-pig, 
and  in  diminishing  ratio  in  the  mouse,  rabbit,  rat,  etc.  Fowls  seem  to 
be  immune  except  to  very  large  doses. 

An  interesting  peculiarity  is  that  pure  cultures  when  washed  so  as 
to  free  them  from  the  toxin  are  not  infective.  In  order  that  it  may 
grow  in  the  tissues  the  microbe  requires  either  some  foreign  matter 
which  will  act  on  the  tissue,  such  as  lactic  acid,  or  the  company  of 
some  other  microbe  which  will  assist  it  in  combating  the  tissues.  In 
actual  cases  in  man  the  wound  which  leads  to  tetanus  contains  foreign 
matter  and  microbes,  and  usually  suppurates,  but  not  from  the  action 
of  the  tetanus  bacillus. 

Immunity  is  produced  artificially  in  animals  and  the  serum  of 
immunized  animals  contains  an  antitoxin  which  protects  other  animals 
from  the  action  of  the  toxin.  The  symptoms  of  tetanus  are  those  of 
an  intense  irritation  of  the  spinal  cord  and  medulla  oblongata.  There 
is  violent  spasm  of  the  muscles,  but  those  under  the  control  of  the 
medulla  oblongata  are  not  so  specially  involved  as  in  hydrophobia, 
although  the  person  frequently  dies  from  spasm  of  the  muscles  of 
respiration. 

There  are  signs  of  irritation  discoverable  in  the  spinal  cord  and 
medulla  oblongata,  although  they  are  very  different  from  those  in 
hydrophobia  In  tetanus  the  most  prominent  and  constant  appearance 
suggests  the  exudation  of  fluid  from  the  vessels.  The  fluid  sometimes 
collects  around  the  vessels  and,  as  in  hardened  specimens  the  albumen 
is  coagulated,  a  granular  appearance  is  produced.  In  other  cases  it 
looks  as  if  the  fluid  produced  a  disintegration  of  the  neighbouring 
nervous  tissue,  the  appearance  being  that  of  the  "granular  disinte- 
gration "  of  Lockhart  Clarke.    The  localization  of  the  disintegration 
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around  the  vessels  suggests  its  origin  in  an  exudation  from  them. 
There  is  also  usually  an  excess  of  leucocytes  around  the  vessels  and 
in  the  grey  substance  of  the  medulla  oblongata  generally. 

The  presence  of  an  irritant  as  the  cause  of  tetanus  was  inferred  long  before  the 
discovery  of  the  microbe,  and  the  disease  was  in  this  view  grouped  along  with 
hydrophobia.  In  both  of  these  diseases  the  temperature  is  elevated,  and,  especially 
in  the  case  of  tetanus,  reaches  sometimes  a  most  startling  height  (110°  F.).  It  is 
difficult  to  account  for  this  extreme  rise  of  temperature  by  the  muscular  spasm, 
though  the  possibility  of  this  explanation  is  not  to  be  absolutely  denied.  It  seems 
more  probable,  however,  that  the  irritant  acting  to  some  extent  generally  on  the 
tissues  is  the  cause  of  the  elevation  of  temperature.  The  analogy  to  the  specific 
fevers  is  seen  in  the  facts  that  tetanus  has  been  known  to  occur  in  epidemics,  and 
that  if  a  case  survives  eight  days  there  is  considerable  probability  of  recovery,  as 
if  the  poison  ran  its  course  in  that  period. 

Literature. — Abscess  of  brain — Gowers,  Dis.  of  nervous  syst.,  ii. ;  Leberth, 
Virch.  Arch.,  x.,  1856  ;  Billroth,  Arch.  d.  Heilk.,  1862  ;  Eettelheim  (Abscess  from 
empyema),  D.  Arch,  f .  klin.  Med.,  1885,  xxxv.  ;  Eiselberg,  ibid.,  xxxv. ;  Macewen, 
Pyogenic  infective  diseases  of  the  brain  and  spinal  cord,  1893 ;  Adams  (Mode  of 
extension  from  ear),  Glasg.  Med.  Jour.,  1881,  xv. ;  Barker,  Babr,  Greenfield, 
Coats,  etc.,  ibid.,  1887,  xxviii.,  119;  Ballance  in  Allbutt's  Syst.  of  Med.,  vii., 
1899.  Sclerosis— GsxRcoT,  Lectures  on  dis.  of  nerv.  syst.,  Syd.  Soc.  transL,  1st 
series,  1877;  Marie,  Lects.  on  dis.  of  spinal  cord,  New  Syd.  Soc.  transL,  1895; 
EiNDFLBiscH,  Virch.  Arch.,  xxvi. ;  Leyden,  Deutsch.  Klinik.,  1867;  Erb,  in 
Ziemssen's  Encycl.,  1877,  xii. ;  Moxon,  Guy's  Hosp.  Eep.,  1875,  xx. ;  Coats, 
Glasg.  Med.  Jour.,  1879,  xii.  AciUe  febrile  conditions — Popoef  (Typhoid), 
Virch.  Arch.,  Ixxxvi. ;  Schule,  ibid.,  Ixvii.  ;  Letzerich,  ibid.,  Ixxv. ;  Blaschko, 
ibid.,  Ixxxiii.  ;  Middleton,  Jour,  of  Anat.  and  Phys.,  Oct.,  1880.  Dementia 
paralytica— BAYhM,  Gaz.  des  Hop.,  1854,  No.  77;  Bevan  Lewis,  A  text-book  of 
mental  diseases,  1899  ;  Obersteiner,  Virch.  Arch.,  lii. ;  Meyer,  ibid.,  Iviii. ;  Lock- 
hart  Clarke,  Lancet,  1866;  Crichton  Browne,  West  Riding  As.  Eep.,  vi.,  1876. 
Hydrophobia— AlijBvtt,  Path.  Trans.,  xxiii.,  72;  Benedikt,  Virch.  Arch.,  xiv. ; 
Gowers,  Path.  Trans.,  xxviii.,  and  Dis.  of  nerv.  syst.,  latest  edition;  Coats,  Med. 
Chir.  Trans.,  Ixi.,  1879 ;  Boss,  Path.  Trans.,  xxx.,  1879.  Tetanus— LsYDEt^,  Virch. 
Ai-ch.,  xxvi.,  1863;  Lockhart  Clarke,  Med.  Chir.  Trans.,  xlviii.,  1865  ;  Dickinson, 
ibid.,  H.,  1868  ;  Coats,  ibid.,  Ixi.,  1878;  Allbutt,  Path.  Trans.,  xxii.,  1871. 


VI.— ATEOPHY  AND  DEGENEEATION  OF  THE  BEAIN. 

Under  the  congenital  malformations  of  the  brain  we  have  already 
described  several  conditions  which  might  be  included  in  the  designation 
congenital  atrophy  or  aplasia.  We  have  also  seen  that  in  Dementia 
paralytica  there  is  an  atrophy  of  the  brain  as  a  whole. 

Senile  atrophy  has  somewhat  similar  characters  to  that  last  men- 
tioned. Occasionally  the  brains  of  old  people  undergo  a  general 
shrmkmg,  and  the  space  is  made  up  partly  by  dropsy  of  the  ventricles 
and  oedema  of  the  membranes  and  partly  by  thickening  of  the  cranial 
bones.    The  atrophy  is  sometimes  partial. 
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Degenerative  changes. — It  is  not  necessary  to  give  here  a  detailed 
account  of  these,  as  they  have  mostly  been  incidentally  considered. 

The  white  substance  of  the  brain  undergoes  a  process  of  atrophy 
under  various  circumstances— in  softening  of  the  brain,  in  sclerosis,  etc. 
It  also  presents  a  condition  which  Lockhart  Clarke  has  designated 
Granular  disintegration.  This  occurs  in  the  neighbourhood  of  blood 
vessels,  and  is  probably  due  to  exudation  from  them.  The  white 
substance  degenerates  into  an  indefinite  granular  material. 

The  Ganglion  cells  are  frequently  the  seat  of  atrophy  and  degenera- 
tion. They  may  undergo  a  Simple  atrophy,  shrinking  and  losing  their 
processes.  But  very  commonly  the  atrophy  is  accompanied  by  pig- 
mentation, and  so  a  Pigmentary  degeneration  is  the  result.  Virchow 
was  the  first  to  describe  a  Calcification  of  the  ganglion  cells.  This 
condition  seems  to  be  of  frequent  occurrence  when  these  cells  are 
suddenly  deprived  of  vitality.  It  was  found  by  Virchow  originally  in 
cases  of  commotio  cerebri,"  but  has  since  been  seen  in  softening  of  the 
brain,  in  acute  anterior  poliomyelitis,  etc.  The  ganglion  cells  having 
died,  and  having  undergone  coagulation-necrosis,  become  infiltrated  with 
lime,  like  other  dead  structures.  A  Hyaline  or  Colloid  degeneration  of 
the  ganglion  cells  has  also  been  described,  especially  in  cases  of  insanity. 

Hyaline  changes  in  the  vessels  of  the  brain,  more  especially  the 
arteries  and  capillaries,  are  frequent  in  the  insane,  more  particularly 
in  chronic  cases. 

Secondary  degenerations  in  the  brain.— These  are  similar  to  those 
already  described  as  occurring  in  the  spinal  cord,  and  they  concern 
Kjhiefly  the  pyramidal  tract.  This  tract  degenerates  when  it  is  cut  off 
from  the  motor  convolutions  at  whatever  level.  This  severance  is  the 
result  of  destructive  lesions,  usually  haemorrhage  or  softening,  the  most 
frequent  seat  of  such  lesions  being,  as  already  mentioned,  the  region  of 
the  corpus  striatum.  In  cases  of  extensive  destruction  of  the  motor 
.convolutions  the  secondary  degeneration  has  been  traced  downwards 
through  the  pyramidal  tract  to  end  only  in  the  spinal  cord.  A  tract  of 
grey  degeneration  is  found  in  the  parts  of  the  corona  radiata  corre- 
sponding with  the  lesion.  It  extends  to  the  internal  capsule,  occupying 
±he  anterior  two-thirds  of  its  hinder  limb  (iK,  Fig.  465),  thence  it  passes 
to  the  crus  cerebri,  occupying  the  middle  two-fifths  of  the  crusta, 
■extending  from  the  surface  below  nearly  to  the  substantia  nigra  above. 
In  the  pons  the  tract  is  anterior,  and  is  covered  over  by  transverse 
fibres  which  also  pass  in  and  separate  the  bundles.  The  course  in  the 
medulla  oblongata  and  cord  has  already  been  traced. 

In  some  cases  of  unilateral  cerebral  disease  there  is  a  degeneration  on 
•both  sides  of  the  cord,  the  motor  centres  of  each  cerebral  hemisphere 
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apparently  representing  both  sides  of  the  body.  The  degeneration, 
however,  is  much  more  marked  in  the  pyramidal  tract  on  the  side 
opposite  to  the  lesion. 

Secondary  degeneration  also  occurs  in  the  fibres  passing  from  the 
parts  anterior  to  the  motor  area,  namely,  those  in  front  of  the  ascending 
frontal  convolution.  These  fibres  pass  through  the  anterior  limb  of  the 
internal  capsule  and  the  inner  part  of  the  crusta  of  the  peduncles,  to 
end  in  the  grey  matter  of  the  pons  where  their  degeneration  ceases. 
These  fibres  are  probably  prolonged  to  the  cerebellum,  forming  com- 
munications between  the  frontal  convolutions  and  the  cerebellum 
(fronto-cerebellar  fibres). 

If  of  long  standing  there  may  be  considerable  shrinking  in  the  parts 
afi"ected  by  the  secondary  degeneration. 


VIL— TUBERCULOSIS  AND  SYPHILIS  OF  THE  BRAIN. 

Both  of  these  conditions  present  themselves  in  the  form  of  tumours, 
but  more  especially  tuberculosis.  In  its  clinical  aspects,  indeed,  tuber- 
culosis of  the  brain  substance  has  all  the  characters  of  a  tumour,  and  it 
constitutes  about  half  the  cases  of  tumour  of  the  brain, 

1.  Tubercular  tumour  of  the  brain  {Scrofulous  tubercle  of  the  brain). — 
As  already  indicated,  this  is  a  very  common  lesion,  being  the  most  fre- 
quent form  of  tumour  of  the  brain.  It  is  a  pure  local  tuberculosis,  and 
may  occur  without  any  other  tubercular  manifestation.  The  symptoms 
are  chiefly  those  of  tumour  of  the  brain,  and  the  diagnosis  of  the  kind 
of  tumour  is  sometimes  difiicult. 

The  tubercular  tumour  occurs  most  frequently  in  young  persons,  and 
is  often  multiple.  We  have  seen  that  tubercles  are  minute  round 
bodies,  but  here  in  the  brain  substance  we  have  solid  tumours  of  a  size 
increasing  up  to  that  of  a  hen's  egg  and  larger  (see  Fig.  476).  These 
massive  tumours  are  composed  of  myriads  of  tubercles,  along  with  the 
products  of  their  degeneration.  The  greater  part  of  the  tumour  is 
made  up  of  a  firm  yellow  caseous  mass,  which  resembles  very  closely 
in  appearance  a  scrofulous  gland  (see  Fig.  477).  Sometimes  the  cheesy 
mass  IS  directly  continuous  with  the  brain  substance,  but  usually  there 
as  a  transparent  grey  zone  outside  it,  and  this  gradually  merges  in  the 
brain  substance  around.  This  grey  zone,  when  it  exists,  indicates  that 
the  tumour  has  been  growing  up  till  death,  and  it  often  contains  tubercles 
ot  characteristac  form.  Sometimes  there  are  no  rounded  tubercles  in  it 
and  It  forms  simply  a  cellular  zone.  The  grey  tissue  gradually  merges 
in  the  bra.n  substance,  and  both  it  and  the  brain  substance  show  inflam- 
matory conditions  characterized  by  the  presence  of  multitudes  of  round 
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cells.  The  solitary  tubercles  are  met  with  in  all  parts  of  the  brain  and 
spinal  cord,  but  are  most  frequent  in  the  cerebellum  and  pons,  and 
next  to  that  in  the  cerebrum. 


Fig.  4V0. -Large  tubercular  gi-owth  of  the  cerebellum  exLiLi.,u,g  pressure  on  the 


pons. 


The  tumours  in  the  cerebrum  or  cerebellum  are  almost  always  near 
the  surface,  and  they  sometimes  lead  to  a  local  or  general  tubercular 


iT-  Tubercular  growth  in  cerebellum.  Main  mass  of  tumoiir ;  6,  P>^^^^^ 
in^^ingc'^SrT^^S^^^^^''^-,  f.  part  projecting  into  fourth  ventrKle .  tht.-d 
ventricle ;  d,  pons. 

meningitis.  In  the  cerebellum  they  may  be  so  large  as  to  replace 
almost  the  entire  substance  of  a  lobe  (see  Fig.  477). 
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2.  Syphilis  of  the  brain  and  the  membranes.— Syphilis  attacks  the 
brain  chiefly  in  conjunction  with  the  membranes.  It  is  very  rare  to 
meet  with  a  syphilitic  tumour  in  the  brain  substance  without  some 
connection  with  the  surface,  and  probably  the  lesion,  in  almost  every 
case,  begins  in  the  membranes  (see  Fig.  478).  The  lesions  are  those  of 
the  tertiary  stage,  and  have  the  characters  already  described— gummata 


Pig.  47S. — Gumma  of  the  membranes  of  the  brain. 

associated  with  more  or  less  inflammation  around,  and  affection  of  the 
arteries. 

The  Grumma  occurs  as  a  grey  or  yellow  mass,  or  is  variously  com- 
posed of  both  grey  and  yellow  material.  The  grey  structure  consists  of 
move  or  less  fresh  granulation  tissue,  while  the  yellow  is  due  to  caseous 
necrosis,  and  hence  is  older.  The  caseous  part  consists  of  granular 
structureless  matter,  in  which  may  be  recognized  some  traces  of  the 
original  tissue,  along  with  fat  and  blood-pigment.  The  mass  presents 
these  two  constituents  in  varying  abundance  (see  Fig.  479),  and  the 
outline  of  the  tumour  is  indefinite,  shading  oflF  on  the  one  hand  into 
inflamed  and  thickened  membranes,  and  on  the  other  into  the  brain 
substance  infiltrated  with  round  cells. 

Sometimes  the  gumma  obviously  grows  from  the  Soft  membranes— 
the  pia-arachnoid.  The  membranes  are  thickened  and  matted,  and 
adherent  to  the  brain  beneath.    From  their  under  surface  rounded 

3c 
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masses  bulge  against  the  brain  substance,  adheririg  to  it  and  causing 
destruction.  There  is  usually  a  zone  of  softening  at  the  advancing 
margin  of  the  tumour,  and  there  may  be  considerable  areas  of  softening 
deeply  in  the  brain  substance  due  to  disease  of  the  arteries  in  connec- 
tion with  the  gumma  (see  below).  In  other  cases  the  gumma  is  seated 
chiefly  in  the  brain  substance,  but  it  is  superficial,  and  the  soft  mem- 
branes are  involved  in  the  process.  On  the  other  hand,  the  Dura 
mater  may  be  the  primary  seat  of  the  tumour,  and  here  we  may  have 


Pi„   479  -Gumma  of  membranes  afEectlng  brain,    a,  Thickened  membranes 
j?.^'  V'L  -h^^rr^h  h  arteries  with  syphilitic  endarteritis  ;  c,  c,  round-celled  tissue 
rb!SSVubSa^/rf^a't™si^cS  involving  occluded  capillaries     e,  e. 

tumours  of  considerable  size-as  large  as  a  pigeon's  or  even  a  hen's  egg. 
The  dura  mater  is  thickened  and  adherent  to  the  soft  membranes, 
and  the  tumour  is  usually  to  a  large  extent  caseous.  These  tumours 
have  a  special  tendency  to  form  in  the  duplicatures  of  the  dura  mater, 
such  as  the  falx  cerebri.  The  projecting  tumours  impinge  on  the 
brain  substance  like  those  of  the  soft  membranes,  but  they  also,  when 
seated  over  the  convexity,  project  against  the  bone,  producing  erosion 
which  may  be  considerable  {dry  caries).  _ 

The  gumma  may  occur  at  any  part  of  the  convexity  of  the  brain, 
and  is  atso  frequent  at  the  base,  atfecting  especially  the  optic  chiasma, 
nons  and  crura  By  the  latter  it  may  extend  to  the  optic  thalamus, 
Tu  oth  rw^^^^^^^^^  the  basal  ganglia.    It  not  infrequei^y 

involves  the  cerebral  nerves  as  they  issue  from  the  brain,  -p-^^^^^^ 
optic,  and  those  emerging  from  the  peduncles  and  pons  (third,  fourth, 

and  fifth). 
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It  has  been  already  stated  that  inflammation  and  thickening  of  the 
membranes  occur  around  the  gummata,  but  sometimes  a  condition 
exists  which  may  be  designated  a  Gummatous  meningitis.  The  gum- 
matous tissue  is  found  more  difi'usely  in  the  form  of  a  grey  gelatinous 
layer,  covering  a  considerable  surface  at  the  base  or  on  the  convexity. 
In  the  former  case  there  may  be  some  resemblance  to  tubercular 
meningitis.  In  the  latter,  the  whole  membranes  are  thickened  and 
matted  together  by  gummatous  tissue,  and  the  brain  substance  beneath 
is  softened.  If,  under  treatment  or  otherwise,  the  proper  gummatous 
tissue  disappears,  then  the  thickened  membranes  may  present  the 
appearance  of  an  old  simple  inflammation. 

Syphilitic  disease  of  the  blood-vessels,  although  not  confined  to 
those  of  the  brain,  is  most  frequent  and  most  characteristic  in  them  (see 
p.  183).  The  lesion  is,  in  many  cases,  simply  a  part  of  the  phenomena 
in  connection  with  a  gumma  and  presents  itself  in  a  number  of  small 
arteries,  as  an  endarteritis  obliterans  (see  Fig.  479  b,  b).  But  it  also 
occurs  as  an  isolated  aff"ection  of  the  larger  cerebral  vessels,  chiefly 
those  which  contribute  to  the  circle  of  Willis.  The  appearances  are 
like  those  of  atheroma,  but  the  aff"ection  is  more  localized,  occurring 
mostly  in  a  few  patches  and  not,  as  in  atheroma,  extending  to  a  large 
number  of  branches.  The  patches  are  greyish  white  and  opaque,  and 
the  wall  is  firm,  so  that  the  vessel  preserves  its  cylindrical  shape.  The 
new-formation  has  a  dense  character,  and  as  it  consists  of  the  thickened 
internal  coat,  the  calibre  is  diminished  or  even  obliterated,  especially  if 
thrombosis  ensue. 

The  lesion  is  a  gummatous  new-formation  in  the  wall  of  the  artery. 
It  has  its  seat,  according  to  Heubner,  especially  between  the  elastic 
lamina  and  the  endothelial  layer.  The  new-formation  consists  of 
granulation  tissue  and  rudimentary  connective  tissue  in  the  form  of 
spindle  and  stellate  cells.  The  lesion  is  apt  to  extend  some  distance 
along  vessels,  sometimes  involving  communicating  branches. 

An  important  result  of  this  aff"ection  of  the  arteries  is  local  Softening 
of  the  brain.  This  may  occur  either  in  relation  to  a  proper  gumma, 
or  independently,  from  the  affection  of  an  artery  alone.  It  is  due  to 
the  narrowing  of  the  calibre  and  occlusion,  and  has  the  same,  nature 
as  softening  from  embolism,  etc.  The  softening  may  be  seated  at  some 
distance  from  the  gumma  or  arterial  lesion,  especially  where  a  long 
artery  is  distributed  without  intervening  branches.  According  to 
Heubner  the  lesion  aff'ects  most  frequently?the  carotid  and  its  branches, 
especially  the  middle  cerebral,  so  that  we  may  have  softenings  in  the 
basal  ganglia  as  in  embolism. 

The  Functional  effect  of  these  various  lesions  depends  largely  on 
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their  Localization.    The  gummata  and  resulting  inflammations  of  the 
convexity,  occurring  as  they  do  on  the  surface,  will,  at  first,  irritate  the 
surface  of  the  convolutions.    If  a  motor  part  be  affected  then  there  will 
be  muscular  spasm,  often  progressive  and  ending  perhaps  in  general  con- 
vulsions of  a  quasi-epileptic  character.    Any  sort  of  local  spasm  may 
be  produced  according  to  the  particular  part  irritated.    If  the  lesion  be 
over  a  sensory  part  there  will  be  subjective  sensory  impressions.  We 
have  already  seen  that  the  brain  substance  commonly  becomes  involved 
in  the  gumma,  and  that  outside  it  there  is  also  softening  of  the  brain. 
This  destruction  of  brain  substance  involves  loss  of  function,  namely, 
motor  paralysis  or  loss  of  sensation  ;  but  there  will  still  be  irritation  of 
the  marginal  parts,  and  although  paralyses  and  ansesthesise  may  develop, 
the  signs  of  irritation  generally  remain  prominent.    At  the  base  the 
gumma  is  very  apt  to  involve  motor  tracts.    The  motor  fibres  of  the 
pons  and  peduncles  are  anterior,  and  are  therefore  more  exposed  to  the 
inroads  of  the  tumour.    But  these  paralyses  are  apt  to  be  complicated 
by  the  lesion  extending  to  the  cerebral  nerves  which  issue  here,  mainly 
the  optic,  third,  fourth,  and  fifth,  and  so  we  have  very  complex  con- 
ditions brought  about,  such  as  crossed  paralysis,  etc.    Again,  the 
syphilitic  disease  of  the  arteries  occurs  most  frequently  in  the  carotid 
and  middle  cerebral,  and  the  resulting  softening  is  usually  most  mani- 
fest in  the  region  of  the  corpus  striatum  and  motor  convolutions.  In 
this  way  a  hemiplegia  may  be  produced  which  imitates  that  from 
embolism.    It  will  be  seen  that  a  great  variety  of  symptoms  may  be 
produced  from  syphilitic  lesions  of  the  brain  and  its  membranes. 

Literature.— Heubneb,  Die  luetische  Erkrankung  der  Hirnarterien,  1874 ;  Gbeen- 
FiELD,  GowERS,  HuTCHiNSON,  GooDHABT,  and  otheis  in  Path.  Trans.,  xxviii.,  1877, 
pp.  249-360;  Gbeenfield,  Path.  Trans.,  xxix.,  1878;  Gowebs,  Syphilis  of  the 
nervous  system,  1892. 

VIII.— TUMOURS  AND  PARASITES  OF  THE  BRAIN. 
General  effects  on  the  brain.— Tumours  are  of  frequent  occurrence 
in  the  brain,  and  produce  secondary  consequences  of  great  importance. 
These  secondary  results  are  mostly  related  to  the  fact  that  the  brain  is 
enclosed  in  a  rigid  case,  and  that  either  by  their  own  bulk  or  otherwise 
the  tumours  tend  to  increase  the  contents  of  the  cranial  cavity.  Hence 
there  is  pressure  exercised  on  the  brain.  In  addition  to  this  there  are 
various  destructive  effects  produced.  The  secondary  effects  are,  from  a 
practical  point  of  view,  the  most  important  consequences  of  the  presence 
of  tumours,  and  as  these  effects  are,  on  the  whole,  similar  whatever  the 
nature  of  the  tumour  and  whether  it  be  primary  or  secondary,  intra- 
cranial tumours  form  a  consistent  group  of  lesions.     In  this  view 
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tubercular  and  syphilitic  tumours  are  in  a  similar  position  to-  other 
forms. 

Pressure  effects  are  of  great  importance.  Any  tumour  in  its  growth 
will  press  on  the  parts  in  its  immediate  neighbourhood,  and  the  usual 
result  is  Softening  of  the  brain  substance  around,  the  proper  tissue- 
elements  being  destroyed.  When  the  growth  is  slow  there  may  be 
Httle  pressure,  and  the  nerve  structures  may  partly  persist  around  the 
tumour.  If  the  growth  is  an  infiltrating  one  like  a  glioma,  the  nerve 
structures  may  be  present  in  the  peripheral  parts.  Pressure  is  also 
exerted  at  a  distance.  The  tumour  itself  by  its  bulk  added  to  that  of 
the  cranial  contents  increases  the  intra-cranial  pressure.  The  action 
of  the  pressure  will  depend  somewhat  on  locality.  The  dense  mem- 
branous septa,  the  falx  and  the  tentorium,  but  especially  the  latter, 
limit  its  action.  A  tumour  of  the  cerebellum,  being  confined  by  the 
tentorium,  will  often  cause  compression  of  the  parts  beneath  the  latter, 
and  the  pons  is  not  infrequently  damaged  by  such  tumours  (Gowers). 
Again,  tumours  often  lead  to  Hydrocephalus,  or  accumulation  of  fluid 
in  the  ventricles,  and  this  raises  the  general  intra-cranial  pressure. 
This  occurs  chiefly  when  they  press  on  the  transverse  fissure  so  as  to 
obstruct  veins  or  lymphatics  there  (see  further  on  under  Hydrocephalus). 
There  may  be  considerable  thinning  of  the  bones  from  pressure  either 
with  or  without  hydrocephalus,  and  sometimes  even  a  gap  in  the 
bones.  In  children  the  sutures  may  be  widened  by  the  intra-cranial 
pressure.  The  relation  of  increased  pressure  to  aflfections  of  the  optic 
nerve  is  referred  to  in  the  section  on  Diseases  of  the  Eye. 

Inflammation  is  a  common  result  around  a  tumour.  The  irritation 
of  the  tumour  frequently  leads  to  prominent  symptoms  during  life, 
and  its  presence  causes  structural  changes.  The  brain  substance  in 
some  cases  shows  sclerosis,  although  softening  is  more  frequent.  The 
membranes  on  the  other  hand  are  usually  thickened  by  chronic  inflam- 
mation, over  the  seat  of  the  tumour  and  even  at  a  distance.  In  syphilis 
the  inflammation  of  the  membranes  is  very  great,  and  in  tuberculosis 
there  is  sometimes  an  associated  tubercular  meningitis. 

Glioma. — This  form  of  tumour  is  peculiar  to  the  nervous  system  and 
is  of  frequent  occurrence  there.  As  its  tissue  somewhat  resembles  brain 
substance  in  consistence,  and  as  the  tumour  is  an  infiltrating  one,  its 
boundaries  are  frequently  very  indefinite  and  it  may  even  appear  as  a 
imple  local  enlargement  of  the  brain.  Some  cases  described  as 
instances  of  local  hypertrophy  are  of  this  kind. 

On  section  the  tumour  generally  shows  some  difterence  in  colour 
from  the  brain  substance  into  which  it  merges  at  its  boundaries.  It  is 
generally  redder  than  the  white  substance,  and  sometimes  deeply  red 
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from  excessive  development  of  vessels.  There  is  not  infrequently 
haemorrhage  in  the  substance  of  the  tumour,  and  this  may  be  so 
considerable  that  the  whole  softened  mass  has  the  appearance  of  an 
extravasation  of  blood,  and  may  be  mistaken  for  this. 

In  its  structure  the  glioma  consists  of  cells  usually  round  and  of 
small  size.  These  are  enclosed  in  a  granular,  homogeneous,  or  finely 
fibrillated  intercellular  substance  (see  Fig.  480),  which  is  usually  very 
soft  and  delicate.  Sometimes  the  intercellular  substance  has  a  distinctly 
fibrous  character,  and  the  tumour  is  then  very  firm.  Sometimes  the 
intercellular  substance  has  a  mucous  character,  in  which  case  the  tumour 


Fig.  4S0.— Glioma  of  the  hraiu.    x  200. 


may  be  designated  a  Myxo-glioma.  On  the  other  hand  the  tissue  may 
become  very  cellular  and  the  tumour  assume  the  characters  of  the 
sarcoma. 

The  glioma  usually  grows  slowly.  When  it  reaches  the  surface  there 
are  sometimes  defined  growths  formed,  which  may  be  pedunculated. 
There  may  be  small  separate  growths  formed  on  the  surface  (see 
Fig.  481). 

Zieeler  describes  under  the  name  Neuro-glioma  tumours  composed  not  only  of 
neuroglia,  but  also  of  ganglion  cells  and  nerve-fibres.  Such  tumours  are  due  to 
errors  of  development,  and  are  congenital.  They  are  better  regarded  as  cases  of 
Heterotopia  of  the  brain  substance  (see  under  Malformations  of  the  bram). 

The  Psammoma  is  not  a  frequent  tumour  of  the  brain  substance,  being 
much  more  common  in  the  choroid  plexus  and  dura  mater  (see  p.  .UL). 
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In  a  case  seen  by  the  author,  a  hard  calcareous  tumour  which  was  with 
difficulty  incised,  measured  #  by  1  of  an  inch,  and  to  that  extent  com^ 
pletely  replaced  the  brain  substance.  It  was  seated  at  the  surface  of 
the  convolutions.    It  was  composed  of  the  characteristic  sand  granules 


Fig.  481.— Multiple  glioma  in  the  brain  of  a  child.   The  lighter  portions  represent 
tumour  tissue. 

held  together  by  a  very  small  quantity  of  connective  tissue.  These 
bodies  also  occur  in  other  tumours,  chiefly  sarcomas. 

Sarcoma. — The  sarcoma  of  the  brain  substance  is  a  circumscribed 
tumour,  in  this  respect  contrasting  with  the  glioma  (see  Fig.  482).  It 
occurs  in  the  midst  of  the  brain  substance,  and  usually  in  a  more  or 
less  rounded  form,  being  free  to  expand  in  all  directions  on  account  of 
the  softness  of  the  tissue  around.  It  sometimes  attains  a  very  large 
size  (see  Fig.  483).  The  round-celled  sarcoma  is  the  commonest  form, 
but  spindle-celled  tumours  and  those  with  variously  shaped  cells  are  not 
infrequent.  The  sarcomas  vary  in  consistence,  the  softer  ones  being 
usually  round-celled.    They  may  soften  in  the  central  parts  and  form 
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cysts.  Most  demarcated  tumours  of  the  brain,  excluding  tubercular 
masses,  are  sarcomas. 


Fig.  4S2. — Spindle-celled  sarcoma  of  braiu.  It  forms  a  defiiiod  tumour.  The 
affected  hemisphere  is  considerably  enlarged  by  its  iireseuce. 
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Myxoma  is  not  a  frequent  tumour  of  the  brain.  The  Cylindroma  is 
■of  occasional  occurrence  (see  p.  343). 

Of  the  other  tumours,  Osteomas  are  occasionally  seen.  Lipomas  are 
very  rare.    Angioma  is  also  rare. 

The  Cholesteatoma  or  Pearl  tumour  is  a  rare  form  which  occurs 
chiefly  in  the  membranes,  but  is  also  met  with  in  the  substance 
of  the  brain.  It  consists  of  a  cyst  containing  epidermic  cells  which 
have  a  glancing  character  and  are  arranged  in  rounded  masses.  Chole- 
stearine  crystals  are  often  present  in  large  numbers.  The  tumour  has 
a  soapy  appearance.  It  probably  originates  from  the  epithelium  of  the 
spinal  canal  or  ventricles,  and  is  therefore  an  epithelioma.  Ziegler 
mentions  that  small  hairs  may  be  present  in  the  tumour. 


Fig.  4S-t.— Primary  cancer  of  the  brain,  a,  'I'.muuur  ;  h,  ciirpora  tiuadrigeniina 
stretched  over  it.  The  aqueduct  of  Sylvius  is  visible  between  tuuiour  and  corpora 
quadrigemina;  the  tumour  bulges  into  fourth  ventricle,  c,  Thalamus  ojitieus ; 
d,  third  ventricle. 

Cancer.— Primary  cancer  occui's  in  the  substance  of  the  brain,  but  is 
perhaps  usually  connected  with  one  of  the  ventricles,  from  which  it 
""-probably  derives  its  epithelial  elements.  In  the  case  figured  (see  Fig. 
484)  the  tumour  had  its  seat  chiefly  in  the  fourth  ventricle  and  aque- 
duct of  Sylvius,  bulging  into  these.  It  consisted  of  a  vascular  stroma 
and  cylindrical  cells  which  impinged  on  the  brain  substance. 

Secjndary  cancer  is  not  common  in  the  brain.  It  may  form  single 
or  r.ultiple  tumours.  In  a  case  recorded  by  the  author  in  which  the 
primary  tumour  was  presumably  in  the  lung,  the  secondary  tumours 
occurred  chiefly  in  the  form  of  Cysts,  twenty-four  of  which  were 
■discovered  in  the  brain  (see  Fig.  485).  In  one  of  the  tumours  which 
was  not  yet  entirely  cystic  the  cancerous  structure  was  apparent  (see 
Fig.  486).  ^  ^ 

Parasites.— The  Cysticercus  cellulosae,  which  is  the  scolex  form  of 
the  taima  solium,  has  occasionally  its  seat  in  the  brain,  usually  in  the 
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cortical  portions,  but  it  may  be  in  any  situation.  It  forms  a  small 
round  structure  enclosed  in  a  connective-tissue  capsule.  Inside  this 
the  proper  stratified  membrane  of  the  parasite,  as  well  as  the  head 


Fig.  4S5.— Secondary  cancer  in  brain.    Cysts  developed. 
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(see  Fig.  250,  p.  426)  and  other  structures,  are  found.  Some- 
times the  parasite  is  dead  and  calcified.  As  a  rule  it  produces  little 
disturbance,  and  is  often  found  by  accident  after  death.  If  situated 
in  the  peduncular  portions  it  may  produce  serious  symptoms,  but 
even  here  its  slow  growth  and  small  size  generally  allow  of  accommo- 
dation. Sometimes  several  cysticerci,  — as  many  as  10  to  20, — have  been 
found. 

The  Echinococcus  more  rarely  develops  in  the  brain.  It  forms  its 
usual  cysts,  which  are  generally  in  the  substance  of  the  cerebral  hemi- 
spheres. It  also  occurs  in  other  parts  of  the  brain,  and  between  the 
dura  mater  and  the  bone. 

Literature. — Gowehs,  loc.  cit.,  ii.,  and  Syphilis  of  the  nervous  system,  1892 ;  Hale 
White,  Guy's  Hosp.  Eep.,  xliii.,  1886;  Vibchow  (Glioma),  Gesehvviilste,  ii.,  126; 
Various  authors  and  tabulation  of  54  tumours.  Path.  Trans.,  1886,  xxxvii.,  pp.  6-89  ; 
Coats  (Cancer),  Path.  Trans.,  1888,  xxxix.,  p.  5,  (Multiple  cysts)  ibid.,  p.  326; 
Eppingee  (Cholesteatoma),  Prag.  Vierteljahrschr.,  1875  ;  Eokitansky  (do.),  Hand- 
buch,  ii. ;  MtiLLER,  Virch.  Arch.,  viii. ;  Brtjns,  Die  Geschwiilste  d.  Nervensystems, 
1897. 


SECTION  IV.— Continued. 


D.— THE  MEMBRANES  AND  CAVITIES  OF  THE  BRAIN 
AND  SPINAL  CORD. 

Introduction.  I.  Accumulation  of  cerebro-spinal  fluid.  1.  CEdema  of  membranes. 
2.  Hydrocephalus,  acquired  and  congenital.  3.  Dropsies  of  central  canal 
and  meninges  of  cord,  (a)  Hydrorrhachis  interna,  hydromyelia,  syringo- 
myelia, (b)  Spina  bifida,  in  various  forms ;  the  tumour  of  spina  bifida  ; 
condition  of  the  cord  ;  spina  bifida  occulta.    II.  Meningeal  hsemorrhage. 

1.  Hoematoma  of  dura  mater  ;  2.  Hfemorrhages  in  soft  membranes,  especially 
the  infantile  form.    III.  Inflammations.    Meningitis.    1.  Pachymeningitis  ; 

2.  Leptomeningitis,  including  (a)  simple,  acute,  and  chronic,  (6)  epidemic 
cerebro-spinal,  and  (c)  tubercular  meningitis.  IV.  Tumours  of  the  meninges. 
V.  Affections  of  the  Pineal  and  Pituitary  bodies. 

INTEODTJCTION.— The  Dura  mater  is  a  dense  connective-tissue  membrane 
which  has  much  more  intimate  connections  with  the  bones  than  with  the 
brain  and  spinal  cord  ;  it  forms,  in  fact,  a  periosteum  to  the  bone.    On  its  internal 
surface  there  is  no  separate  arachnoid  mepabrane,  but  the  dura  mater  is  less 
vascular  here  than  in  its  external  layers.    The  space  between  the  dura  mater  and 
the  surface  of  the  brain  is  sometimes  described  as  a  serous  cavity  analogous  to  the 
pleura  or  peritoneum,  but  in  its  pathological  relations,  at  least,  it  is  very  difierent, 
and  it  is  better  designated  as  the  Subdural  space.    The  internal  surface  of  the  dura 
mater  and  the  external  surface  of  the  arachnoid  are  defective  in  vessels,  and  are 
hence  little  liable  to  inflammations.    This  cavity  forms,  in  fact,  a  kind  of  barrier 
to  the  propagation  of  inflammations  either  from  without  or  within.    Hence  inflam- 
mations of  the  external  surface  of  the  dura  mater  seldom  extend  to  its  internal 
surface,  and  it  is  very  rare  to  meet  with  an  inflammation  affecting  the  whole 
subdural  space.    On  the  other  hand,  the  arachnoid  and  pia  mater  really  form  one 
membrane,  which  is  partly  in  two  layers.   The  deep  layer  or  pia  is  closely  connected 
with  the  surface  of  the  brain  and  spinal  cord,  following  the  various  irregularities  of 
the  surface.    This  deep  layer  is  connected  with  the  supei-ficial  one— the  arachnoid 
-more  or  less  intimately.    In  the  sulci  between  the  convolutions  there  is  loose 
connective  tissue  with  many  interstices,  constituting  the  Subarachnoid  space.  But 
on  the  summits  of  the  convolutions  the  two  membranes  are  intimately  united.  The 
free  surface  of  the  arachnoid  is,  like  that  of  the  dura  mater,  defective  in  vessels  and 
inflammations  of  the  deeper  layer  scarcely  ever  extend  to  this  surface     \^  e  have 
thus  to  distinguish  the  dura  mater  connected  with  the  bone,  the  subdural  space 
the  pia-arachnoid  forming  the  proper  meninges  of  the  brain,  and  the  subarachnoid 
space. 
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The  Cerebro-spinal  fluid  is  contained  partly  in  the  ventricles  of  the  brain  and 
central  canal  of  the  spinal  cord  on  the  one  hand,  and  partly  in  the  Subarachnoid 
space  on  the  other.  The  subarachnoid  space  at  the  base  of  the  brain  and  over 
the  spinal  cord  is  specially  well-marked.  The  brain  and  cord  may  be  said  to  be 
submerged  in  the  fluid  contained  in  these  spaces,  and  the  brain,  more  particularly, 
lies  on  a  kind  of  "water-bed"  formed  by  the  more  voluminous  spaces  at  the  base 
filled  with  the  fluid.  The  amount  of  cerebro-spinal  fluid  as  a  whole  is  liable  to 
alterations  according  as  the  volume  of  the  brain  and  the  fulness  of  the  blood-vessels 
vary.  The  distribution  of  the  fluid  also  varies  between  the  different  parts  of  the 
system,  more  particularly  between  the  ventricles  and  the  subarachnoid  space. 
Between  these  two  there  are  important  communications.  The  pia  mater  is  prolonged 
into  the  lateral  ventricles  through  the  transverse  fissure,  as  the  velum  interpositum 
and  choroid  plexus,  thus  forming  a  somewhat  free  communication.  There  is  also 
an  open  communication  between  the  lower  part  of  the  fourth  ventricle  and  the 
subarachnoid  space,  by  the  Foramen  of  Majendie.  The  subarachnoid  space  and 
the  ventricles  of  the  brain  with  the  central  canal  of  the  spinal  cord  thus  form 
a  continuous  system  of  lymph  spaces,  and  the  cerebro-spinal  fluid  circulates  in 
them.  In  addition  to  this,  the  subarachnoid  space  communicates  with  lymph 
spaces  around  the  vessels  and  ganglion  cells,  the  Perivascular  and  Periganglionic 
spaces.  It  is  important  to  observe  that  the  subarachnoid  space  does  not 
communicate  with  the  subdural  space. 


I.— ACCUMULATION  OF  THE  CEREBRO-SPINAL  FLUID  IN 
THE  MEMBRANES  AND  CAVITIES. 

It  has  been  already  pointed  out  that  the  subarachnoid  space,  with 
the  ventricles  and  central  canal  of  the  spinal  cord,  forms  a  single  system 
of  lymph  spaces  which  intercommunicate.  The  lymph  or  cerebro-spinal 
fluid  in  these  spaces  may  accumulate,  and  so  lead  to  various  forms  of 
cedema  and  dropsy  of  the  brain.  In  this  connection  it  is  to  be  remem- 
bered that  the  skull  is  a  closed  cavity,  and  any  increase  in  the  fluid  in 
these  spaces  implies  a  decrease  in  the  quantity  of  blood  in  the  vessels 
or  of  the  brain  substance  itself. 

1.  (Edema  of  the  membranes.— There  may  be  General  oedema  of  the 
membranes  and  spaces,  perhaps  including  the  perivascular  spaces  in  the 
brain  substance.  This  sometimes  takes  place  in  Bright's  disease,  and 
may  occur  along  with  an  cedema  of  other  parts,  or  develop  in  a  more 
isolated  manner.  The  pressure  of  the  fluid  in  this  case  was  supposed 
by  Traube  to  be  the  cause  of  the  symptoms  usually  called  ursemic,  and 
in  some  cases  it  may  contribute  to  the  nervous  disturbances  of' that 
condition,  although  it  may  not  be  the  chief  cause. 

Then  there  is  an  ffldema  ex  vacuo.  When  the  brain  shrinks,  as  it 
does  iti  General  paralysis,  or  in  Senile  atrophy,  there  is  a  serious  loss 
of  substance.  The  loss  of  substance  thus  produced  may  be  compensated 
tor  by  thickening  of  the  cranium  or  by  augmentation  of  the  cerebro- 
spinal fluid.    Thickening  of  the  cranium  takes  place  only  to  a  limited 
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extent,  and  the  space  is  chiefly  filled  up  by  fluid.  The  ventricles  dilate 
{hydrocephalus),  and  the  subarachnoid  space  becomes  highly  oedematous. 
It  is  to  be  particularly  observed  that  there  is  seldom  any  excess  of 
fluid  in  the  subdural  space,  but  that  the  soft  membranes,  especially 
between  the  atrophied  convolutions,  are  highly  oedematous. 

2.  Hydrocephalus. — This  term  expresses  a  massive  accumulation  of 
fluid  inside  the  skull.  The  fluid  is,  in  the  great  majority  of  cases,  in 
the  ventricles,  more  especially  the  lateral  ventricles,  but  in  certain  con- 
genital cases  it  is  in  the  subdural  space.  Hence  the  terms  Internal 
and  External  hydrocephalus.  The  latter  condition  scarcely  can  occur 
unless  there  is  a  congenital  defect  in  the  formation  of  the  brain,  such 
as  perforation,  or  absence  of  the  corpus  callosum,  so  that  the  ventricles 
communicate  with  the  subdural  space. 

External  hydrocephalus  is  sometimes  used  as  equivalent  to  oedema  of  the 
membranes,  but  this  is  an  incorrect  use  of  the  term,  which  really  expresses  a 
considerable  collection  in  a  cavity. 

(a)  Acquired  hydrocephalus. — Apart  from  the  form  ex  vacuo  already 
considered  in  the  preceding  page,  hydrocephalus  as  met  with  in  the 
adult  is  mostly  related  to  a  definite  disturbance  of  the  circulation  in 
the  brain.  The  walls  of  the  ventricles  do  not  probably  have  much  to 
do  with  the  supply  of  the  cerebro-spinal  fluid  to  the  ventricles.  The 
choroid  plexus  which  consists  of  a  convolution  of  arteries,  capillaries, 
veins,  and  lymphatics,  is  the  chief  agent  in  this  function.  It  is 
important  to  note  that  the  arteries  reach  the  plexus  by  a  totally 
diff"erent  route  from  that  by  which  the  veins  and  lymphatics  emerge. 
The  arteries  are  branches  of  the  middle  cerebral  and  reach  the  plexus 
near  its  anterior  extremity  in  the  descending  cornu  of  the  ventricle. 
On  the  other  hand  the  veins  of  the  plexus  pass  backwards  and  emerge 
from  the  brain  through  the  great  transverse  fissure.  The  veins  gather 
themselves  together  into  the  Veins  of  Galen,  one  of  which  is  connected 
with  each  lateral  ventricle.  The  two  veins  of  Galen  running  side  by 
side  pass  backwards  between  the  corpus  callosum  and  the  corpora 
quadrigemina  to  open  into  the  straight  sinus.  It  will  be  observed  that 
from  their  diff'erent  anatomical  relations  the  arteries  and  veins  are  not 
liable  to  be  obstructed  simultaneously,  and  that  if  the  arteries  remain 
dilated  whilst  the  veins  are  obstructed  the  resulting  passive  hypersemia 

may  be  aggravated.  .  ■ 

Obstruction  of  the  veins  of  the  choroid  plexus  or  of  the  veins  of 
Galen  so  as  to  produce  passive  hypersemia  seems  the  pnncipal  mode  ot 
<,ausation  of  acquired  hydrocephalus.  Rapid  accumulation  is  brought 
about  mainly  by  pressure  from  without,  and  chiefly  by  pressiu-e  on  the 
veins  of  Galen.    This  is  especially  liable  to  occur  in  the  case  ot 
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tumours  of  the  cerebellum  (as  in  Fig.  487).  The  cerebellum  teing 
placed  in  a  space  limited  by  the  tentorium  above,  exercises  considerable 
pressure  within  this  limited  space.  Whenever  it  increases  in  bulk 
the  veins  of  Galen  are  rendered  liable  to  pressure.  Tumours  of  the 
choroid  plexus,  especially  in  its  posterior  part,  may  similarly  obstruct 
the  veins  and  induce  hydrocephalus.    Thrombosis  of  the  veins  of 


Fig.  4S7.— Great  dilatatiou  of  tho  lateral  ventricles  (which  have  been  laid  opon) 
from  tumour  of  the  cerebellum.    (Prom  a  coloured  picture  by  Ur.  A.  MacjAail.) 

Galen  is  another  cause  of  hydrocei^halus  but  an  unusual  one.  In 
most  cases  the  thrombus  originates  in  the  sinuses,  and  grows  into 
the  veins  of  Galen,  but  Newman  has  recorded  a  case  in  M^hich  these 
veins  alone  seemed  to  be  the  seat  of  thrombosis. 

In  Tubercular  meningitis  hydrocephalus  is  nearly  constant,  but  it 
is  rather  difficult  of  explanation.  The  disease  is  characterized  by  an 
inflammatory  exudation  at  the  base  of  the  brain,  and  it  might  be 
supposed  that  the  fluid  accumulated  in  the  ventricles  would  be  inflam- 
matory. But,  although  tubercles  are  sometimes  found  on  the  choroid 
plexus,  yet  the  exudation  in  the  ventricles  is  rarely  inflammatory  in 
character.  It  consists  of  a  clear  pellucid  fluid  with  little  albumen,  and 
of  a  low  specific  gravity  (about  1010),  presenting  thus  the  characters 
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rather  of  a  transudation  than  an  inflammatory  exudation.  The  ex- 
planation is  probably  to  be  found  in  part  in  the  exudation  outside  the 
ventricles.  This  is  generally  abundant  where  the  vellum  interpositum 
emerges  from  the  ventricles  in  front  of  the  cerebellum,  and  here, 
besides  filling  up  the  lymph  spaces,  it  is  liable  to  cause  pressure  on 
the  veins  of  Galen  as  they  pass  through  the  comparatively  narrow 
isthmus.  This  is  the  more  likely  to  produce  hypersemia  and  exudation 
from  the  fact  already  mentioned,  that  the  arteries  reach  the  plexus  by 
a  difterent  route,  and  are  not  so  liable  to  pressure. 

(6)  Chronic  hydrocephalus.  Congenital  hydrocephalus.— It  has  been 
pointed  out  in  a  previous  section  that  various  malformations  affecting 
the  brain  and  cranium  are  due  to  dropsy  of  the  cerebro-spinal  canal 
during  early  foetal  life.  A  similar  dropsy  may  occur  at  later  periods  of 
intra-uterine  life,  or  even  after  birth.  The  condition  may  be  designated 
chronic  hydrocephalus,  which,  it  will  be  understood,  is  often  congenital, 
and  may  by  the  enlargement  of  the  head  produce  serious  difficulty  in 
delivery.  No  proper  explanation  of  the  dropsy  has  been  offered.  It 
is  said  that  chronic  hydrocephalus  often  goes  along  with  rickets,  and 
it  has  been  suggested  that  as  a  rickety  skull  is  more  yielding  than 
a  normal  one,  too  little  pressure  is  exercised  on  the  brain,  and  the 
accumulation  of  fluid  is  allowed.  This  is  not,  however,  a  sufficient 
explanation,  especially  of  the  severe  congenital  cases.  The  probability 
is  that  the  disease  depends  on  a  congenital  defect  in  the  apparatus  for 
the  secretion  and  absorption  of  the  cerebro-spinal  fluid. 

The  dropsy  may  be  general,  affecting  all  the  ventricles,  but  the 
fourth  is  often  but  little  dilated,  the  fluid  being  mainly  in  the  lateral 
and  third  ventricles.  Sometimes  the  lateral  ventricles  are  alone  dis- 
tended the  foramen  of  Monro  being  closed.  Sometimes  the  ventricle 
of  the  septum  lucidumis  obviously  distended  as  it  lies  between  the  two 
lateral  ventricles.  As  the  accumulation  increases  the  convolutions  are 
flattened  out  and  they  may  be  completely  unfolded,  the  brain  forming 
a  smooth  globe  over  the  greatly  distended  ventricles.  The  distension 
may  be  so  great  as  to  cause  thinning  of  the  covering  brain  substance  to 
an  extraordinary  degree,  leaving  little  between  the  pia  mater  and  the 
fluid  The  surface  of  the  ventricles  (ependyma)  is  usually  somewhat 
thickened,  giving  a  kind  of  leathery  membranous  lining  to  the  cavity 
sometimes  with  granular  elevations,  especially  on  the  surface  of  the 
o^rstriatumLd  fourth  ventricle.  There  may  even  be  r.inde 
prominences  consisting  of  grey  brain  f^^X^^  J^t) 

s  clear  and  pellucid,  and  has  a  low  specific  gravity  (1001  to  1009). 

wTth  this  great  dilatation  of  the  ventricles  the  head  is  greatl, 
enlarged,  and  as  the  bones  are  more  yielding  in  some  parts  than  others, 
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an  alteration  in  shape  occurs.  The  fontanelles  and  sutures  are  widened 
and  their  closure  greatly  delayed.  The  frontal  bone  is  pushed  forward 
so  that  the  forehead  rises  perpendicularly  or  overhangs  the  eyebrows  ; 
the  parietals  bulge  laterally,  and  the  occipital  bones  are  pushed  back- 
wards. The  head  in  this  way  becomes  greatly  increased  in  circum- 
ference, while  it  is  usually  much  flattened  at  the  vertex.  (See  Figs. 
488  and  489.)  The  bones  of  the  face,  even  though  they  are  of 
normal  size,  look  dwarfed  beside  the  enlarged  cranium,  and  the  face 
has  a  pinched  look.  The  eyeballs  are  rendered  prominent  by  the 
pressure  on  the  roof  of  the  orbit,  and  enlarged  veins  are  generally 
seen  beneath  the  thin  skin  of  the  head. 

Although  there  is  this  great  thinning  of  the  brain  substance,  it  is 
remarkable  how  the  functions  may  be  retained.  A  child  in  this  con- 
dition may  remain  very  intelligent,  and  when  recovery  occurs  may  pass 
through  life  with  no  permanent  defect  in  the  functions  of  the  brain ;  but 
in  the  majority  of  cases  there  is  defective  mental  development  ranging 
from  total  idiocy,  with  perhaps  epilepsy,  to  the  lesser  degrees  of 
imbecility  or  of  mental  enfeeblement.  The  yielding  of  the  skull  seems 
to  prevent  any  such  excess  of  pressure  as  to  seriously  damage  the 
brain,  which  has  a  remarkable  power  of  accommodating  itself  to  altera- 
tions in  position  of  its  parts.  If  recovery  takes  place,  the  skull  to 
some  extent  collapses,  the  fontanelles  and  sutures  close,  often  with  the 
formation  of  additional  centres  of  ossification,  forming  Wormian  bones 
in  the  sutures.  But  the  fontanelles  are  late  in  closing,  and  the  cranium 
retains  somewhat  of  the  hydrocephalic  shape  during  life. 

In  some  very  rare  cases  the  corpus  callosum  and  its  pia-arachnoid 
have  given  way,  the  fluid  coming  thus  to  the  surface  and  filling  the 
cavity  of  the  dura  mater,  thus  forming  a  Hydrocephalus  externus.  In 
that  case  the  hemispheres  are  folded  aside,  and  the  central  parts  of 
the  brain  are  exposed,  the  brain  being  as  a  whole  pressed  down  towards 
the  base.  But  this  can  scarcely  occur  except  in  congenital  cases,  and 
is  not  consistent  with  the  prolongation  of  life. 

A  Partial  dropsy  of  the  ventricles  is  of  occasional  occurrence, 
either  as  a  congenital  or  acquired  condition.  One  lateral  ventricle 
may  be  distended,  or  even  one  horn.  There  may  also  be  a  dropsy 
of  the  third  ventricle  alone,  or  of  the  ventricle  of  the  septum 
ucidum.  These  partial  dropsies  will  cause  displacements  according 
to  their  situation. 

J.  interna,  Hydromyelia,  Syringomyelia,  Cysts  of 

the  cord.--Almost  all  of  these  affections  are  congenital  in  origin.  They 
are  related  to  the  central  canal  of  the  cord  and  its  development 


Fig.  488. — Congeuital  hydroceiihaliLS.    Skull  of  an  infant. 


Fig.  4S!». — Congenital  hydrocephalus,    t  i-vm  the  same  Cii.se  as  I'lg.  488.  Viewed 
from  lateral  a.spect. 

immediately  around  it  is  much  more  cellular  than  the  rest  of  the  cord,  this  bemg 
due  to  the  fact  that  it  consists  ahnost  alone  of  neuroglia  without  nervous  elements, 
in  this  respect  comparing  with  the  ependyma  of  the  cerebral  ventricles.   From  this 
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typical  condition  the  variations  consist  in  different  conditions  of  the  canal  itself 
and  of  the  surrounding  tissue.  The  canal  may  be  widened  either  generally  or  in 
the  transverse  or  median  direction.  On  the  other  hand  the  canal  may  be  obliterated 
and  its  position  only  indicated  by  the  cellular  area  of  neuroglia.  These  are  all 
within  normal  limits. 

The  term  Hydrorrhachis  corresponds  with  hydrocephalus,  and  ex- 
presses a  dropsy  of  the  cord,  either  of  the  central  canal  (H.  interna)  or 
of  the  meninges  (H.  externa).  Dropsy  of  the  central  canal  is  also 
designated  Hydromyelia  and  Syringomyelia.  The  former  term  is 
applied  to  cases  where  the  dilatation  is  obviously  congenital,  while  the 
latter  is  used  where  it  is  met  with  in  the  adult.  Syringomyelia  is, 
however,  probably  always  congenital  in  its  origin,  so  that  it  may  be 
said  that  it  originates  in  a  hydromyelia.  These  terms  are  applied  to 
all  cases  of  cavities  or  cysts  in  the  cord  filled  with  serous  fluid  whether 
they  are  demonstrably  due  to  dilatation  of  the  central  canal  or  not. 

It  will  be  remembered  that  the  central  canal  is  formed  by  the  arching 
backwards  of  the  medullary  plates  (see  p.  44),  so  that  the  closure  is 
posterior.  The  central  canal  will,  there- 
fore, at  first  extend  somewhat  back- 
wards, and  it  is  by  a  gradual  coalescence 
of  the  posterior  portions  in  the  middle 
line  that  the  canal  takes  its  usual 
position.  Dropsy  occurring  in  foetal  life 
is  liable  to  cause  a  permanent  enlarge-   

ment  backwards  as   shown  in  Fig.  490.        ^'^S-    wo.— Hydromyelia.  Enlarge 
mi  „    J  -1  i  ,  •  ,  lueut  of  central  canal  backwards. 

ine  dilatation  may  vary  greatly  at 

diff-erent  levels,  so  as  to  lead  sometimes  to  a  cystic  appearance  in  the 
cord. 

In  some  cases  cavities  exist  in  the  cord  without  obvious  connection 
with  the  central  canal,  but  as  these  are  always  in  the  posterior  parts  of 
the  cord,  they  probably  take  origin  in  portions  of  the  original  canal 
which  m  the  process  of  coalescence  have  become  isolated.    These  not 
infrequently  extend  into  the  posterior  cornua,  and  may  be  double  (Fig 
491)  or  single  (Fig.  492).  ^  ^' 

An  interesting  peculiarity  of  these  various  conditions  is  that  the 
serous  cavities  produced  are  surrounded,  like  the  normal  central  canal 
with  neuroglia,  which  in  some  cases  is  in  considerable  excess  The 
excess  may  be  so  great  as  to  amount  to  a  tumour  (glioma  glissis)  The 
1™  >  f  ^  occasional  Lexist'enc  of  syrin 

GoTve       al  ''7'''f''''         ^'^^^  ^^^'^        multiple tumours'see 

canll    ven  w      t  ^"'^  ""'"''^  behind  the  cen  ral 

canal,  even  when  there  is  no  dilatation  of  the  latter. 
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Hydroniyelia  and  syringomyelia  do  not  usually  interfere  with  the 
function  of  the  cord,  but  if  the  dilatation  be  excessive,  or  if  there  is 
the  formation  of  a  tumour,  there  may  be  considerable  damage. 

Hydromyelia  and  syringomyelia,  at  least  in  the  lesser  degrees,  may 
at  times  apparently  exist  without  betraying  their  presence  by  any 
symptoms,  but  in  many  cases  they  are  associated  with  a  quite  dis- 
tinctive symptomatology.  The  condition  has  been  recognized 
anatomically  since  the  time  of  Brunner  (1688),  but  such  cavities  were 


Pig.   491. — Syi-ingomyelia.     Cavi-  Fig.  492. — Syringomyelia.  Cavity 

ties  in  eacli  iiosterior  cornu  and  in  in  one  posterior  cornu. 

the  middle  line. 


for  long  looked  upon  as  mere  peculiarities  and  without  pathological 
significance,  and  it  is  only  since  Kahler  and  Schultze  showed  that  the 
condition  was  capable  of  recognition  clinicall}'^  that  it  assumed  any 
importance. 

4.  Spina  bifida. — In  the  section  on  General  Malformations,  this  con- 
dition has  already  been  considered.  Rhachischisis,  or  spina  bifida 
without  tumour,  has  been  sufficiently  described  (see  p.  51),  but  the 
form  associated  with  tumour  requires  fuller  consideration. 

The  term  spina  bifida  is  by  some  limited  to  the  tumescent  form,  which  is 
therefore  distinguished  from  rhachischisis,  but  this  distinction  cannot  be  fully 
maintained. 

Spina  bifida  with  tumour. — The  tumour  forms  a  rounded  swelling, 
which  is  usually  situated  in  the  lumbo-sacral  region,  but  may  be  in  any 
part  of  the  column.  There  is  usually  a  defect  in  the  arches  of  the 
vertebrse,  and  the  swelling  protrudes  posteriorly ;  but  there  are  a  few 
cases  in  which  the  bodies  of  the  vertebrae  are  defective,  and  the  swelling 
protrudes  into  the  thorax,  abdomen,  or  pelvis.  There  is  sometimes  no 
defect,  or  a  very  slight  one,  of  the  arches  of  the  vertebra,  the  pro- 
trusion passing  between  two  adjacent  arches. 

The  protrusion  (Fig.  493)  is  covered  with  skin  over  the  greater  part 
of  its  surface,  but  in  the  central  part  there  is  often  an  area  of  membrane 
which  contains  none  of  the  special  structures  of  the  skin,  such  as  hairs 
and  sebaceous  glands.    Inside  the  skin  there  are  the  membranes  of  the 
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cord;  but,  according  to  Recklinghausen,  the  dura  mater  is  frequently 
defective  to  a  similar  extent  with  the  skin,  so  that  the  sac  is  formed 
of  pia-arachnoid,  which  is  usually  considerably  thickened.  There  is 
generally  a  dimpling  or  umbilication  at  the  summit  of  the  tumour  (see 
g'  in  figure),  and  this  sometimes  amounts  to  a  small  canal  which  may 
directly  communicate  with  the  central 
canal  of  the  cord.  The  umbilication 
corresponds  with  an  adhesion  of  the 
cord  to  the  sac. 

The  contents  of  the  sac  are  a 
pellucid  fluid  of  a  specific  gravity  of 
about  1007.  It  is  really  the  cerebro- 
spinal fluid,  and  indeed,  there  is  often 
a  hydrocephalus  associated  with  the 
spina  bifida. 

Spina  bifida  implies  a  dropsy  of  the 
structures  of  the  cord,  and  different 
names  are  applied  according  to  the 
share  which  the  various  structures  take 
in  the  protrusion,  these  names  being 
constructed  on  similar  principles  to 
those  in  use  for  the  brain  and  its 
membranes.  We  have  ( I )  Meningocele, 
or  protrusion  of  the  membranes  only ; 

(2)  Meningo-myelocele,  or  protrusion  of 
membranes  and  cord  together ;  and 

(3)  Syringo-myelocele,  in  which  the 
protrusion  obviously  consists  of  a 
dilated  and  closed  central  canal.  This 
form  is  also  called  Myelo-cystocele  (Reck- 
linghausen). Of  these  three  forms 
the  second  is  much  the  commonest, 
although  the  last-mentioned  form  is 
probably  more  frequent  than  has  been  usually  supposed  (Cleland). 

The  Spinal  Cord  in  all  forms  of  spina  bifida  is  prolonged  downwards 
as  far  as  the  seat  of  the  tumour.  As  the  latter  is  usually  in  the  lumbo- 
sacral region,  this  implies  that  the  cord  occupies  the  entire  length  of 
the  canal  as  it  does  in  the  earlier  periods  of  foetal  life.  As  the  cord 
begins  to  retract  within  the  canal  in  the  fourth  month  the  aff'ection 
must  be  earlier  in  its  origin  than  that  period.  It  is  of  interest  that 
oven  in  cases  of  meningocele  where  the  membranes  alone  are  protruded 
this  elongation  of  the  cord  occurs. 


Fig.  4(13. — Section  of  a  spina  bifida  of 
the  lumbar  region,  a.  b,  Cutis  and  sub- 
cutaneous tissue ;  c,  fascia ;  d,  spinous 
processes  ;  e,  dura  mater,  which  jmsses 
into  sac  and  becomes  attaclied  to  the  skin 
at  e' ;  /,  arachnoid,  which  passes  into  sac 
forming  its  internal  lining ;  p,  siiinal  cord, 
which  also  enters  the  sac  and  becomes  at- 
tached to  the  skin  g',  where  it  had  a  small 
opening  ;  the  attachment  forms  a  dimple 
in  the  sac  ;  n,  n,  spinal  nerves  which  pass 
from  the  cord  round  to  the  anterior  aspect 
of  the  sac  so  as  to  reach  their  normal  places 
of  issue  from  the  spinal  canal.  (Virohow.) 
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With  the  exception  of  elongation,  the  cord  in  a  small  number  of  cases 
is  not  involved.  The  fluid  may  be  entirely  behind  it  as  in  meningocele, 
and  it  may  be  little  altered.  In  that  case  the  nerves  also  will  be  in 
front  of  the  protrusion. 

In  Syringo-myelocele  the  central  canal  is  distended  backwards,  and 
although  the  internal  lining  of  the  sac  is  really  the  expanded  central 
canal,  yet  the  sac  is,  as  in  meningocele,  behind  the  nerves  and  the 
greater  part  of  the  cord. 

In  the  majority  of  cases,  however,  comprising  the  Meningo-myelo- 
celes,  the  spinal  cord  is  actually  involved  in  the  sac  (see  Fig.  493), 
passing  into  it  and  attached  to  its  wall,  thus  presenting  various 
malformations  and  dislocations.  The  nerve-roots  also  which  come  off" 
from  the  part  of  the  cord  involved  take  origin  within  the  sac,  and 
traverse  it  in  order  to  reach  their  foramina.  The  posterior  roots  are 
necessarily  more  involved  than  the  anterior.  Sometimes  the  nerves 
take  origin  from  the  posterior  wall  of  the  sac,  and  the  latter  may 
present  externally  a  double  row  of  slight  depressions  corresponding 
with  this  origin. 

Spina  bifida  occulta. — This  term  was  first  applied  by  Recklinghausen 
to  an  interesting  form  in  which,  without  a  tumour  externally,  there 
is  elongation  of  the  cord  and  defect  of  the  vertebral  arches.  He 
supposes  that  there  was  here  an  early  meningocele,  which  had 
subsequently  shrunk.  An  important  peculiarity  in  this  form  is  the 
existence  within  the  spinal  canal,  and  in  contact  with  the  cord,  of 
adipose  and  fibrous  tissue  and  striated  muscle,  which  may  be  in  such 
quantity  as  to  form  a  distinct  tumour  (myo-fibro-lipoma).  The  muscle 
is  in  bundles  like  those  of  the  multifidus  spinse,  and  Recklinghausen 
supposes  that  it  may  have  arisen  by  a  dislocation  inwards  of  parts 
of  this  muscle  through  the  defectively  formed  vertebral  arches. 
Another  peculiarity  is  the  existence  of  an  excessive  growth  of  hair 
over  the  concealed  spina  bifida.  It  is  not  improbable  that  such  lesions 
may  be  not  infrequent.  The  existence  of  a  tuft  of  hair  in  the  lumbar 
region,  which  sometimes  resembles  a  tail,  should  call  attention  to 
the  condition  of  the  arches  of  the  vertebrae,  and  this  may  reveal  a 
spina  bifida  occulta.  This  form  of  spina  bifida,  like  that  in  which  a 
manifest  tumour  exists,  may  be  associated  with  lesions  of  the  cord 
resulting  in  paralysis. 

The  origin  of  spina  bifida  is  to  be  referred  to  foetal  life.  Looking  to  the  series  of 
forms  of  lesion  from  completely  open  spina  bifida  with  anencepbalus  to  meningo- 
cele, it  seems  necessary  to  connect  the  aiiection  with  dropsy  of  the  cerebro-spinal 
canal.  A  further  confirmation  of  this  is  the  frequent  co-existence  of  hydrocephalus. 
It  can  scarcely  be  supposed  that  a  mere  dropsy  of  the  membranes,  and  still  less  a 
simple  defect  of  the  arches  of  the  vertebrie,  would  fix  the  cord  in  the  foetal  position, 
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so  that  we  are  induced  to  regard  the  lesion  as  primarily  one  of  the  cord  itself  There 
may  be  a  very  early  dropsy  interfering  with  the  closure  of  the  canal,  and  so  leading 
to  rhachischisis.  But  after  the  closure  there  may  be  a  dropsy  leading  to  a  loca 
distension  which  may  subsequently  rupture.  If  it  does  not  rupture  then  tl^ere  will 
be  a  spina  bifida  having  the  form  of  a  syringo-myelocele.  If  it  does  rupture  then 
the  meningocele  or  the  meningo-myelocele  will  result.  The  aperture  may  be  ulti- 
mately a  very  narrow  one  or  may  become  obliterated,  and  the  central  canal  may 
form  and  even  be  of  normal  character.  As  a  general  rule,  however,  the  flmd  in  tne 
sac  communicates  freely  with  the  cerebro-spinal  fluid,  and  sudden  withdrawal  ot 
the  former  sometimes  leads  to  serious  cerebral  symptoms  from  the  reduction  ot 
the  cranial  contents. 

Uteia.tMxe.— Hydrocephalus— L^vBvscTiTL^,  Path.  d.  Hirnkrank.,  1854;  Huguenin 
(with  full  literature)  in  Ziemssen's  Handb.,  xi.,  1 ;  Wilks,  Guy's  Hosp.  Rep.,  1860. 
HydrorrhacUs,  e<c.— Leyden,  Virch.  Arch.,  Ixviii. ;  Langhans,  ibid.,  Ixxxv. ;  Kkauss, 
ibid.,  c. ;  ScHULTZB,  ibid.,  cii. ;  Charcot,  Lemons  du  Mardi,  1890;  Gowers,  Dis.  of 
nerv.  syst.,  ii.,  latest  edition;  Hoffmann,  Deut.  Zeit.  f.  Nervenheilk.,  1892; 
ScHLESiNGEB,  Die  Syringomyelic,  1897;  Isaac  Bruhl,  Contrib.  a  I'^tude  de  la 
syringomy6he,  1890.  Spina  hifida—FonRiBn,  Missbildungen,  1865;  Viechow, 
Geschwulste,  i.  and  ii. ;  Ranke,  Jahrb.  d.  Kinderheilk.,  xii. ;  W.  Koch,  Mittheil- 
ungen,  1881;  Morton,  On  spina  bifida,  2nd  ed.,  1887;  Cleland,  in  Morton,  p.  32, 
also  Jour,  of  Anat.  and  Phys.,  xvii.,  257  ;  Rep.  to  Clin.  Soc.  of  London,  1885,  xviii., 
339  ;  Recklinghausen,  Virch.  Arch.,  cv.,  243  and  374  (with  fuU  literature) ;  Bland 
Sutton,  Lancet,  1887  and  1888. 

IL— MENINGEAL  HEMORRHAGE. 

1.  Hsematoma  of  the  dura  mater.   Pachymeningitis  hsemorrhagica. 

— Haemorrhage  on  the  internal  surface  of  the  dura  mater,  a  lesion  of 
considerable  frequency,  is  found  associated  with  thickening  and  new- 
formation,  characters  indicative  of  chronic  inflammation.  There  are 
differences  of  opinion  as  to  whether  the  inflammation  is  primary  or 
secondary  to  the  haemorrhage.  The  lesion  presents  itself  mostly  in  the 
foi'm  of  a  somewhat  massive  blood-clot  covering  the  internal  surface  of 
the  dura  mater  and  compressing  the  brain  substance.  When  the  clot 
is  more  particularly  examined  it  is  seen  to  be  not  exactly  free  on  the 
surface  of  the  dura  mater,  but  covered  with  a  delicate  membrane,  which 
is  continued  beyond  the  clot  on  the  surface  of  the  dura  mater  as  a  thin 
soft  layer.  This  membrane  generally  has  a  brownish  colour,  evidently 
from  the  blood  colouring-matter,  and  it  presents  in  its  substance,  as 
well  as  between  the  membrane  and  the  dura  mater,  numerous  smaller 
haemorrhages.  This  condition  is  of  somewhat  frequent  occurrence, 
particularly  among  the  insane. 

As  indicated  above  two  views  are  held  regarding  the  nature  of  this 
condition,  and  it  is  quite  possible  that  there  may  be  actually  two 
diseases.  According  to  Prescott,  Hewett,  Huguenin,  and  others,  a 
haemorrhage  into  the  cavity  of  the  dura  mater  is  the  primary  condition. 
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It  is  undoubted  that  a  hseraorrhage  may  lead  to  a  condition  resembling 
that  described.  In  a  case  of  aneurysm  of  one  of  the  larger  cerebral 
vessels,  where  bleeding  had  occurred  into  the  subdural  space  some 
time  before  the  fatal  cerebral  hsemorrhage,  the  author  found  a  layer 
of  soft  tissue  covering  the  dura  mater  and  having  much  of  the  charac- 
ters described  above.  In  another  case  of  the  author's  an  injury  to  the 
head  was  followed  by  a  haemorrhage  on  the  internal  surface  of  the  dura 
mater.  The  blood-clot  was  in  great  part  replaced  by  an  organized 
highly  cellular  membrane,  in  which  were  wide  capillaries  (see  Fig. 


Fig.  494.— Dura  mater  with  organized  clot  coating  its  internal  surface.  Above  is 
the  dura  mater.  The  new-formed  tissue  has  wide  capUlaries,  filled  with  blood- 
corpuscles.  A  tubercle  with  giant-colls  is  seen  in  the  deeper  part  of  the  new-formed 
tissue. 


494).  This  case  had  the  further  peculiarity  (to  be  referred  to  further 
on)  that  the  new-formed  membrane  became  the  seat  of  tuberculosis. 
In  these  and  similar  cases  the  coagulum  on  the  surface  of  the  dura 
mater  becomes  organized  in  the  usual  way,  and  vessels  pass  from  the 
dura  mater  into  the  rudimentary  tissue  thus  produced.  These  thin- 
walled  vessels  (see  figure)  are  specially  apt  to  bleed  for  reasons  to  be 
presently  referred  to,  and  so  there  is  hsemorrhage  in  and  under  the 
new-formed  tissue. 

But  many  cases  have  a  more  spontaneous  origin,  and  agree  with  the 
description  which  Virchow  has  given  of  a  Pachymeningitis  hsemor- 
rhagica.    This  disease  begins  as  an  inflammation  of  the  dura  mater. 
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Characterized  by  hyper«,mia.  The  inflammation  being  chi-onic  the 
result  is  the  formation  of  a  soft  membrane  on  the  internal  surface  oi  the 
dura  mater,  owing  to  an  inflammatory  transformation  of  its  internal 
layer  In  its  structure  this  membrane  somewhat  resembles  mucous 
tissue,  containing  stellate  and  spindle-shaped  cells  in  a  matrix  which 
gives  a  precipitate  with  acetic  acid.  In  it  there  are  large  thm-walled 
blood-vessels  in  large  numbers.  The  false  membrane  is  easily  lifted 
from  the  dura  mater  with  forceps,  and  as  this  is  being  done  numerous 
red  threads  are  seen  to  stretch  from  it  to  the  dura  mater ;  these  are 
the  blood-vessels. 

An  explanation  of  the  large  size  and  tendency  to  rupture  of  these  vessels  has  been 
suggested  by  Eindfleisch.  To  begin  with,  there  is  hyperajmia  of  the  dura  mater 
with  relaxation  of  the  arteries.  The  normal  capillaries  of  the  dura  mater  being  in 
a  dense  tissue  are  not  readily  dilated,  although  the  blood  in  them  is  at  a  high  pressure. 
The  new-formed  vessels,  however,  are  delicate  and  lie  in  a  soft  tissue,  and  they 
communicate  with  the  capillaries  of  the  dura  mater,  in  which  the  blood-pressure  is 
excessive.  They  are  therefore  very  liable  to  dilatation,  and  although  they  have  the 
structure  of  capillaries  they  are  mostly  three  or  four  times  as  wide  as  ordinary  ones. 
These  vessels  often  rupture,  so  that  there  is  frequent  heemorrhage  into  the  soft 
membrane.  But  sometimes  a  more  considerable  hajmorrhage  occurs,  and  the  blood 
accumulating  dissects  up  the  membrane  from  the  dura  mater,  rupturing  fresh 
vessels  as  it  advances.  In  this  way  a  large  flat  clot  as  thick  as  the  hand  may  be 
formed — the  proper  hasmatoma.  It  will  be  observed  that  this  clot  is  still  covered 
with  the  membrane,  and  it  is  quite  unusual  to  find  the  blood  escaping  into  the 
cavity  of  the  dura  mater. 

If  a  fatal  hsemorrhage  does  not  occur,  the  new-formed  membrane 
undergoes  organization  in  the  way  of  other  inflammatory  structures. 
It  becomes  more  cellular  and  finally  develops  into  connective  tissue 
which  coalesces  with  that  of  the  dura  mater.  The  disease,  however,  is 
apt  to  recur,  and  a  fresh  soft  layer  is  formed  which  goes  through  the 
same  stages,  so  that  there  may  be  sevei'al  layers  in  different  stages  of 
transformation  on  the  surface  of  the  dura  mater,  the  innermost  layer 
having  the  characters  described  above. 

This  condition  occurs  chiefly  over  the  convexity  of  the  brain,  and  is 
stated  to  be  mainly  in  the  domain  of  the  middle  meningeal  artery.  An 
acute  suppurative  inflammation  very  rarely  develops  in  connection  with 
the  hsematoma. 

2.  Haemorrhages  in  the  soft  membranes.— Most  of  these  are  second- 
ary to  some  other  lesion  and  they  are  usually  of  minor  consequence. 
We  have  seen  that  aneurysms,  although  situated  in  the  meninges, 
give  rise,  when  they  rupture,  to  cerebral  more  than  to  meningeal 
haemorrhage.  There  are  again  numerous  small  haemorrhages  occasionally 
in  anthrax,  hsemophilia,  scurvy,  and  ulcerative  endocarditis.  There 
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are  also  hsemorrhages  from  injuries  to  the  skull,  especially  when  they 
involve  lacerations  of  the  brain.  But  there  is  one  form  which  is 
primary  and  of  considerable  importance. 

Infantile  meningeal  haemorrhage. — In  severe  and  prolonged  labours, 
where  the  head  is  much  compressed  and  there  is  obstruction  of  the 
vessels,  haemorrhage  sometimes  takes  place  on  the  surface  of  the  brain. 
It  is  important  because  it  may  lead  to  permanent  injury  to  the  brain. 
The  haemorrhage  is  usually  bilateral  over  the  convexity  or  at  the  base, 
and  in  the  former  case  it  occupies  chiefly  the  central  region  towards 
the  middle  line.  The  brain  beneath  is  sometimes  much  injured,  being 
lacerated  and  infiltrated  with  blood.  When  at  the  base,  the  hemor- 
rhage is  chiefly  in  the  posterior  fossa,  the  blood  lying  on  the  pons, 
medulla,  and  cerebellum,  and  generally  arising  from  a  laceration  of  the 
cerebellum. 

As  the  blood  is  absorbed  there  may  remain  a  permanent  atrophy  of 
the  parts  which  have  been  injured.  There  may  thus  be  a  depression 
over  the  central  convolutions  which  are  dwarfed  and  indurated,  and 
the  usual  secondary  degenerations  may  ensue. 

During  life,  there  may  be  little  that  is  noteworthy  in  the  child  im- 
mediately after  birth,  but  as  the  powers  develop  it  may  show  motor 
weakness  and  rigidity  of  limbs,  along  with  more  or  less  mental  defect. 
The  resulting  paralysis  may  be  either  hemiplegic  or  paraplegic  in  dis- 
tribution according  as  the  lesion  is  unilateral  or  bilateral.  There  is 
often  considerable  improvement  as  life  goes  on. 

Literature. — Hcematoma — Peescott  Hewett,  Med.  Chir.  Trans.,  1845;  Vibchow, 
Wurzb.  Verhandl.,  1856,  vii.  ;  Hugtjenin,  Ziemssen's  Handb.,  xi. ;  Eindfleisch, 
Path,  histol.  (Syd.  Soc.  transl.),  1873,  ii.,  302;  Coats,  Joum.  of  Path.,  i.,  1893. 
Infantile  hcemorrhage—hiTiisE.,  Obstet.  Trans.,  1862 ;  M'Nutt,  Amer.  Jour,  of  Med. 
Science,  1885;  Gowees,  Dis.  of  nerv.  syst.,  ii.,  latest  edition. 


III.— MENINGITIS— INFLAMMATIONS  OF  THE  MEMBRANES  OF  THE 

BRAIN  AND  CORD. 

1.  Pachymeningitis.  Inflammation  of  the  dura  mater.— Excluding 
the  condition  already  described  as  connected  with  hsematoma,  the 
inflammations  of  the  dura  mater  are  for  the  most  part  secondary  to 
affections  of  the  bones  or  sinuses.  In  compound  fractures  of  the  skull, 
suppuration  may  extend  to  the  dura  mater,  and  in  some  cases  to  the 
soft  membranes.  Caries  of  the  bones  may  have  a  similar  result. 
Thrombo-phlebitis  of  the  sinuses,  especially  in  cases  of  disease  of  the 
ear,  also  gives  rise  to  suppurative  inflammation,  sometimes  associated 
with  gangrene  of  the  dura  mater.    (See  under  Abscess  of  the  Brain.) 
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2  Leptomeningitis.    Inflammation  of  the  pia-arachnoid.-As  the 

arachnoid  and  pia  mater  are  closely  connected  and  form  virtually  one 
membrane,  they  are  always  associated  in  their  inflammations.  ihe 
term  Meningitis  is  commonly  used  without  qualification  to  express 
inflammation  of  the  soft  membranes,  which  is  much  more  frequent 
than  that  of  the  dura  mater.  The  nutrient  vessels  of  the  brain  pass 
in  from  the  vessels  running  in  the  subarachnoid  space,,  and  their 
sheaths  are  direct  continuations  from  the  loose  tissue  of  the  pia 
mater.  Hence  in  all  forms  of  inflammation  there  is  liable  to  be  an 
extension  inwards  for  a  certain  distance  along  the  vessels.  This  is 
important,  as  serious  irritation  of  the  cortical  substance  of  the  brain 
is  apt  to  result. 

(a)  Simple  acute  Leptomeningitis.— This  name  is  applied  to  non- 
specific inflammations  of,  the  pia-arachnoid.  Some  irritant  obtains 
access  to  the  membranes,  and  as  it  is  carried  by  the  circulating  cerebro- 
spinal fluid  the  inflammation  is  usually  of  a  spreading  character.  The 
cause  is  usually  traumatic  and  the  irritant  is  Septic  in  nature ;  but  it 
may  arise  from  disease  of  the  bones,  especially  in  ear  disease,  and  in 
that  case  the  meningitis  may  be  associated  with  abscess  of  the  brain. 
There  are  cases  in  which  the  meningitis  has  an  embolic  origin,  septic 
matter  being  transported  in  pyaemia  or  ulcerative  endocarditis.  It  has 
also  been  found  associated  with  acute  specific  fevers,  typhoid,  scarlet 
fever,  small-pox,  and  with  other  acute  diseases,  especially  pneumonia. 
In  a  large  proportion  of  cases,  the  infective  agent  is  the  Diplococcus 
of  Fraenkel  (see  under  Pneumonia),  and  this  is  the  case  in  traumatic  as 
well  as  in  other  cases.  Other  forms  have  been  met  with,  e.g.  Diplo- 
coccus intracellularis  meningitidis,  Streptococcus,  etc. 

In  the  milder  cases  there  may  be  simply  a  serous  exudation  in  the 
subarachnoid  space,  constituting  an  inflammatory  oedema.  But  in  most 
instances  the  case  goes  on  until  pus,  or  pus  with  fibrine,  forms.  The 
first  appearances  are  visible  in  the  neighbourhood  of  the  veins,  in  the 
sulci  between  the  convolutions.  Very  often  there  is  a  white  or 
yellow  band  visible  on  either  side  of  the  vein,  and  this  consists  of 
accumulated  leucocytes,  sometimes  with  fibrine.  As  the  exudation 
increases  the  veins  become  buried  in  it,  and  the  whole  subarachnoid 
space  becomes  filled.  The  spaces  being  filled  out  the  pia-arachnoid 
forms  a  bulky  solid  layer  which  may  be  separated  from  the  surface  of 
the  brain,  and  may  form  a  mould  of  the  convolutions  on  its  under 
surface.  Under  the  microscope  the  membranes  on  the  surface  of  the 
brain  and  in  the  sulci  are  seen  to  be  packed  with  kmcocytes,  and 
the  inflammation  extends,  as  already  noted,  in  some  measure  along  the 
perivascular  spaces  into  the  superficial  part  of  the  brain  substance. 
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Acute  leptomeningitis  is  often  a  disease  of  the  convexity  of  the  brain 
{F irtical  meningitis).  It  may  have  its  origin  as  in  traumatic  cases  in  a 
particular  locality,  and  it  may  here  be  more  intense  in  its  manifesta- 
tions. Sometimes  the  arachnoid  and  dura  mater  are  united  by  fibrinous 
exudation  in  such  localities.  But  the  infection  generally  spreads  over 
the  surface  of  the  brain,  so  that  on  exposure  of  the  hemispheres  it 
is  everywhere  visible.  The  affection  does  not  always  confine  itself  to 
the  convexity,  but  may  extend  to  the  base  of  the  brain.  There  is  not 
commonly  any  dilatation  of  the  ventricles  (hydroceiDhalus)  in  this 
•disease,  but  the  ventricles  may  contain  a  yellow  semi-purulent  fluid. 
It  may  be  noted  that,  in  accordance  with  what  is  stated  in  the  Intro- 
duction to  this  section,  the  exudation  is  in  the  subarachnoid  space,  not 
on  the  free  surface  of  the  arachnoid. 

In  children  it  is  not  uncommon  to  have  an  acute  meningitis  originat- 
ing at  the  posterior  part  of  the  base  of  the  brain  {Posterior-Basic 
meningitis). 

Simple  chronic  meningitis  of  the  brain  and  spinal  cord  is  usually 
secondary.  There  are  thickenings  and  adhesions  of  these  membranes 
in  different  forms  of  insanity,  in  diseases  of  the  bones,  in  the  various 
scleroses  of  the  cord,  especially  posterior  sclerosis.  It  may  be  remem- 
bered also  that  a  chronic  inflammation  of  the  membranes  of  the  cord 
is  sometimes  propagated  from  the  peripheral  nerves  along  their  sheaths. 

(b)  Epidemic  cerebro-spinal  meningitis. — This  disease,  which  occurs 
usually  in  the  form  of  local  epidemics  but  also  in  isolated  cases,  has 
been  grouped  along  with  the  acute  specific  fevers.  Like  them,  it 
depends  on  a  specific  morbid  poison.  The  infective  agent  has  been 
found  in  many  cases  to  be  the  diplococcus  of  Fraenkel,  which  seems 
to  have  as  one  of  its  seats  of  election  the  membranes  of  the  brain  (see 
above).  It  is  to  be  noted  that  pneumonia  is  not  infrequently  associ- 
ated with  the  form  of  disease  under  consideration. 

The  soft  membranes  present  evidences  microscopically  of  acute  in- 
flammation, at  first  in  the  form  of  serous  exudation  with  few  leucocytes 
and  red  corpuscles.  This  condition  is  only  seen  in  cases  which  have 
died  very  early  after  the  onset  of  the  disease,  for  the  exudation  soon 
takes  on  a  purulent  character  as  in  simple  meningitis.  The  exudation 
is  here  also  in  the  subarachnoid  space,  and  penetrates  along  the 
sheaths  of  the  vessels,  into  the  nervous  tissue  beneath  (see  Fig.  495). 
There  is  very  seldom  any  exudation  on  the  surface  of  the  arachnoid, 
and  the  dura  mater  hardly  ever  takes  part  in  the  disease.  The  exuda- 
tion is  most  marked  in  the  sulci  between  the  convolutions  of  the 
cerebral  convexity,  in  the  fissure  of  Sylvius,  on  the  surface  of  the 
pons  and  the  upper  surface  of  the  cerebellum.    It  sometimes  extends 
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into  the  lateral  ventricles.  In  the  spinal  cord  it  is  most  abundant  in 
the  lumbar  region,  and  is  almost  confined  to  the  posterior  surface, 
where  it  often  surrounds  the  posterior  roots. 

The  disease  is  fatal  in  over  50  per  cent,  of  the  cases,  but  when 
recovery  occurs  it  is  usually  complete.  Sometimes,  however,  there 
is  permanent  damage  to  the  nervous  structures,  as  evidenced  by 
deafness,  etc. 


Fig.  495. — Fi-om  a  case  of  cerebro-sirinal  meningitis.  Tlie  Isoft  membranes  infil- 
ti-ated  with  pus,  are  seen  passing  into  a  sulcus.  Dilated  vessels  are  seen  in  the 
midst.   Vessels  are  also  prominent  in  the  brain  substance,    x  50. 

Apart  from  the  condition  of  the  meninges  and  the  occasional  occurrence  of 
pneumonia  the  organs  of  the  body  show  appearances  similar  to  those  in  other  acute 
fevers.  The  spleen  is  enlarged  but  not  very  greatly  so.  The  follicles  of  the 
intestine  are  swollen.  The  liver  and  kidneys  are  enlarged  and  show  parenchy- 
matous infiltration.  There  are  sometimes  abscesses  in  the  muscles  and  pus  in  the 
joints.  The  skin  has  a  peculiar  tendency  to  show  petechiffi  during  life,  and 
becomes  deeply  stained  by  the  blood  colouring-matter  after  death. 

3.  Tubercular  meningitis  {Basal  meningitis,  Hydrocephalus  acutus). — 
This  disease,  as  the  name  implies,  depends  on  the  presence  in  the 
meninges  of  the  tubercle  bacillus.  The  tubercle  bacillus  is  readily 
detected  in  the  affected  structures,  more  especially  in  the  walls  of 
the  arteries.  It  reaches  the  membranes  by  several  different  paths, 
of  which  three  may  be  more  definitely  distinguished.  In  the  first 
place,  the  disease  is,  in  many  cases,  part  of  a  general  tuberculosis, 
and  is  associated  with  the  usual  lesions  in  other  organs,  but  the 
meningitis  leads  to  such  pronounced  symptoms  that  it  often  mono- 
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polizes  the  attention  of  the  clinical  observer.  The  primary  seat  of  the 
affection  is  frequently  in  the  bronchial,  cervical,  or  mesenteric  glands, 
from  which  the  tuberculosis  extends  to  the  veins,  and  so  to  the  blood. 
There  may,  however,  be  an  extension  by  the  blood  without  the  occur- 
rence of  a  general  tuberculosis.  The  primary  seat  may  be  in  the  lungs, 
■and  the  extension  to  the  membranes  of  the  brain  may  be  the  only 
secondary  extension.  In  the  second  place  the  infection  may  be  derived 
from  a  local  tuberculosis  of  the  brain,  which  takes  the  form  of  a 
tubercular  tumour  (see  p.  767).  When  such  a  lesion  originating  in  the 
brain  substance  reaches  the  surface  of  the  brain,  there  may  be  an  infection 
•of  the  membranes  with  a  resulting  tubercular  meningitis.  In  the  third 
place  a  tuberculosis  of  the  bones  of  the  skull  or  vertebral  column  may 
•extend  to  the  membranes.  The  tuberculosis  is  mostly  in  the  basilar 
portions  of  the  occipital  or  sphenoid  bones,  or  the  bodies  of  the  upper 
■cervical  vertebra?.  In  a  case  observed  by  the  author,  for  example,  a 
tuberculosis  of  the  basilar  bone  and  the  first  cervical  vertebra  had 
•extended  to  the  pituitary  body  and  thence  to  the  soft  membranes. 

The  meninges  are  affected  by  tuberculosis  more  frequently  in  children  than  in 
:adults ;  it  thus  seems  as  if  the  soft  membranes  in  children  were  more  adapted  to 
the  growth  of  the  bacillus.  But  tubercular  meningitis  is  more  frequent  in  the 
•adult  than  is  usually  supposed,  and  many  obscure  head  cases  are  found  post 
mortem  to  be  cases  of  general  tuberculosis  with,  it  may  be,  a  very  limited  meningitis. 

The  Adrus  reaching  the  meninges  lodges  in  the  lymph  spaces  of  the 
'membranes,  and  produces  inflammation  and  tubercles  in  the  walls  of 
ithe  finer  arteries  of  the  pia  mater.  These  conditions  are  peculiarly 
localized  in  the  basal  parts  of  the  brain,  although  extending  some- 
times to  the  lateral  aspects  and  to  the  spinal  cord.  It  may  be  that 
this  is  related  to  the  fact  that  the  arteries  are  distributed  from  the  base, 
■or,  more  probably,  that  the  cerebro-spinal  fluid  stagnates  here  more 
than  elsewhere,  and  allows  of  the  growth  of  the  microbe. 

The  Appearance  of  the  brain  post  mortem  is  as  follows.  On 
removing  the  dura  mater,  the  cerebral  hemispheres  are  generally 
:seen  to  be  fuller  than  usual,  and  the  surface  of  the  arachnoid  is  some- 
what dry  and  glazed.  This  is  due  to  the  pressure  from  the  ventricles, 
•which  are  distended  with  fluid,  usually  clear  serum.  The  amount  of 
fluid  is  sometimes  very  great,  and  this  prominent  feature  gave  rise  to 
the  name  Acute  hydrocephalus  applied  to  this  disease  (see  p.  783).  In 
•the  neighbourhood  of  the  lateral  ventricles,  and  especially  posteriorly, 
the  brain  substance  is  soft  and  almost  diffluent  (white  softening).  On 
exposing  the  base  of  the  brain,  the  appearances  of  inflammation  in  the 
membranes  are  to  be  looked  for.  These  are  often  somewhat  obscure, 
and  in  appearance  trivial.    In  the  slighter  cases  they  consist  merely  of 
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a  turbidity  or  opacity  over  the  pons  and  optic  chiasma.  The  subarach- 
noid space  is  occupied  by  a  serous  exudation  with  some  pus,  which  otten 
gives  it  a  greenish  colour.  But  usually  the  exudation  is  more  abundant 
and  covers  the  basal  structures,  extending  to  the  surface  of  the  cerebel- 
lum, and  up  the  fissures  of  Sylvius,  where  it  often  reaches  the  lateral 
aspects  of  the  hemispheres.  The  concentration  of  the  exudation  at  the 
base  is  of  great  importance,  and  the  covering-in  of  the  optic  chiasma  is 
often  the  most  significant  and  sometimes  the  only  prominent  sign  of  the 
existence  of  the  disease. 


Fig.  496. — Arteries  of  the  pia  mater  in  a  case  of  tubercular  ineuingitis.  The 
frequent  spindle-shaped  swellings  indicate  the  position  of  the  tubercles,    x  l(i. 

The  alFection  usually  extends  to  the  Meninges  of  the  spinal  cord, 
although  here  it  may  be  even  more  insignificant  in  appearance  than 
in  the  brain.  There  may  be  little  more  than  an  undue  redness  with 
a  granular  appearance  on  the  surface  of  the  cord. 

The  evidences  of  inflammation  are  much  more  prominent  to  the 
naked  eye  than  the  tubercles.  These  are  often  distinctly  visible  only 
on  microscopic  examination,  as  they  are  so  much  buried  in  the  exuda- 
tion and  attached  to  such  small  arteries.  On  opening  up  the  fissure  of 
Sylvius,  however,  where  the  exudation  generally  glues  the  opposed 
surfaces  of  the  brain  together,  it  is  usually  possible  to  see  the  little 
white  tubercles,  often  no  larger  than  pin-heads.  If  a  piece  of  the  soft 
membrane  be  removed,  however,  even  from  a  ])art  where  the  exudation 
IS  very  abundant,  and  examined  with  a  low  power  undei'  the  microscope. 
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the  tubercles  are  readily  seen  as  spindle-shaped  prominences  on  the 
small  arteries  (see  Fig.  496). 


Fig.  497. — Tubei-oular  meningitis,  a,  an  artery  with  infiltration  chiefly  of  external 
coat,  hut  also  of  internal,  which  shows  villous  projections.  The  connective  tissue 
around  is  also  infiltrated,  and  so  are  the  walls  of  the  nutrient  arteries  passing  into 
the  brain  substance  on  either  side,  b,  b.    x  30. 


■'■-•''•'••4  i^'Kc 


Fig.  498.— Tubercular  meningitis.    Typical  tubercles  are  shown  in  the  exudation. 
X  50. 

There  is  not,  as  a  rule,  in  this  form  of  tuberculosis  a  distinct  forma- 
tion of  typical  tubercles  with  giant-cells  and  epithelioid  cells,  the 
nodules  described  as  tubercles  being  composed  of  aggregations  of  round 
ceUs.   The  walls  of  the  arteries  are  often  specially  affected,  so  that  they 
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present  localized  prominences  (see  Fig.  496)  as  if  the  agent  had  acted 
at  certain  spots.  The  swellings  are  mainly  due  to  accumulation  of  cells 
in  the  adventitia  (Fig.  497),  but  the  intima  is  very  commonly  also  the 
seat  of  an  inflammatory  infiltration  as  shown  in  the  figure.  Besides 
this  there  are  tubercles  in  the  walls  of  veins  and  in  the  tissue  apart 
from  the  vessels  (see  Fig.  498),  and  there  is  a  general  infiltration  of  the 
membranes  with  multitudes  of  leucocytes  (see  Fig.  497).  The  inflam- 
matory infiltration  extends  along  the  nutrient  vessels  into  the  substance 
of  the  brain  and  spinal  cord,  as  well  as  into  the  cerebral  nerves.  The 
superficial  parts  of  the  brain  substance  in  particular  are  hypersemic, 
and  not  infrequently  the  seat  of  small  haemorrhages. 

Tubercular  meningitis  like  other  forms  of  tuberculosis  may  undergo 
healing.  This  has  been  asserted  on  clinical  grounds,  but  has  also  been 
confirmed  by  post-mortem  examination  (Fiitterer).  The  membranes 
are  found  thickened  and  contain  shrunken  and  calcified  remains  of 
miliary  tubercles. 

The  White  softening  of  the  parts  around  the  ventricles  has  given  rise  to  some 
discussion  as  to  its  cause.  It  may  extend  somewhat  deeply  into  the  brain  substance, 
involving  fornix,  septum  lucidum,  corpus  callosum,  and  even  the  thalamus  opticus 
and  corpus  striatum,  and  it  is  sometimes  so  extreme  as  to  reduce  the  tissue  to  the 
consistence  of  thick  cream.  It  is  clear  from  the  comparative  absence  of  symptoms 
that  this  extreme  softening  does  not  exist  during  life.  Probably  the  fluid  in  the 
ventricles  macerates  and  loosens  out  the  brain  tissue  without  interrupting  the 
functions,  and  after  death  a  more  pronounced  softening  occurs.  The  condition  is 
not  an  inflammatory  one,  and  it  occurs  mainly  where  the  fluid  gravitates,  namely, 
in  the  brain  substance  around  the  posterior  parts  of  the  ventricles. 

Literature. — Neissek,  Die  Entziind.  der  seros.  Hiiute  des  Geh .  u.  Rtickenm.,  1845; 
HcGUENiN,  in  Ziemssen's  Handb.,  xi.,  1.  Epidemic  cerehro-spincd  meningitia — 
Meissneb,  Schmidt's  Jahrb.,  129  and  136 ;  Kiebs,  Vireh.  Arch.,  xxxiv. ;  Willich 
(Pneumonia  and  mening.),  Deut.  med.  Wochenschr.,  1875,  No.  23  ;  Ficket  (ditto), 
Annal.  de  la  soc.med.  chir.  de  Li^ge,  1880;  GowEES,Dis.  of  nerv.  syst.,  latest  edition 
(literature  fully);  Frew,  Glasg.  Med.  Jour.,  1884,  xxii.,  p.  21;  Eberth,  Deut. 
Arch.  f.  klin.  Med.,xiii.;  Nacwerk,  ibid.,  xix.;  CoRNiLet  Babes,  Les  bact6ries,  1886, 
p.  446;  Flexnbk  and  Barker,  Amer.  Journ.  of  Med.  Sc.,  1894;  Osler,  Brit. 
Med.  .Journ.,  i.,  1899;  Still  (Posterior-basic),  Journ.  of  Path,  and  Bact.,  1898; 
Lees  and  Barlow,  Allbutt's  Syst.  of  Med.,  vii.,  1899.  Tuhercxdar  meningitis— 
Fi5TTERER,  Abriss.  der  path.  Anat.,  p.  166;  Hektoen,  Journ.  Exper.  Path.,  iii.,  21. 

4.  Syphilitic  meningitis.— This  has  been  described  in  a  previous 
page  along  with  Syphilitic  lesions  of  the  brain  (p.  771). 

IV.-TUMOURS  AND  PARASITES  OF  THE  MENINGES. 
Tumours  of  the  membranes  of  the  brain  are  of  importance  especially 
when  they  press  on  the  brain  or  on  the  nerves  as  they  issue  from 
the  skull.    They  are  of  considerable  variety. 
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Fibromas  have  been  found  arising  from  the  dura  mater  both  of  the 
brain  and  of  the  spinal  cord.  In  the  latter  case  they  are  liable  to  press 
on  the  cord  and  may  even  interrupt  it.  In  a  case  observed  by  the 
author  a  hard  fibroma  the  size  of  a  marble  produced  serious  mischief 
by  pressing  on  the  cervical  cord. 

The  Chondroma  has  occasionally  been  observed,  especially  in  the 
dura  mater  of  the  cord.  In  a  dog  observed  by  the  author,  paraplegia 
was  produced  by  such  a  tumour  in  the  dorsal  region. 


Fig.  499. — A  small  psammoma  of  the  dura  mater,  natural  size. 

The  Lipoma  is  a  very  rare  form  of  tumour  in  the  meninges ;  that 
already  mentioned  on  the  surface  of  the  corpus  callosum  (p.  290) 
probably  originated  in  the  pia  mater. 


Fig.  500. — Fibro-psammoma  of  dura  mater.    Half  of  the  tumour  is  showni,  along 
■with  the  indentation  of  the  cerebral  surface  caused  by  the  growth. 

The  Psammoma  occurs  not  infrequently  in  the  dura  mater,  where 
it  forms  a  rounded  growth  on  its  internal  surface  (see  Figs.  499,  500) ; 
sometimes  it  is  multiple.  The  tumour  is  usually  small,  but  may  be  as 
large  as  a  walnut,  and  its  surface  is  rough  and  tuberculated.  The 
psammoma  also  occurs  as  a  small  soft  tumour  in  the  choroid  plexus 
and  in  the  pineal  gland.    In  the  latter  case  there  may  be  a  tumour  of 
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considerable  size,  whose  structure  is  like  that  of  the  normal  gland,  and 
so  the  condition  is  sometimes  designated  Hyperplasia  of  the  pineal 
gland.  There  may  also  be  a  Papilloma  arising  from  the  choroid 
plexus  either  in  the  lateral  ventricles  or  the  fourth  ventricle. 

The  Osteoma  hardly  occurs  in  the  membranes  as  a  distinct  tumour, 
but  it  is  common  to  find  flat  pieces  of  bone  in  the  dura  mater,  especially 
in  the  falx  and  tentorium,  and  even  in  the  arachnoid. 
*  The  Pacchionian  bodies  sometimes  give  origin  to  tumours  which  may 
grow  to  considerable  dimensions.  These  bodies  consist  of  papillae  which 
spring  from  the  arachnoid  and  project  in  various  directions ;  some  of 
them  impinge  against  the  skull,  where,  after  thinning  the  dura  mater, 
they  cause  pits ;  others  project  into  the  longitudinal  sinus. 

Cleland  has  desbribed  two  tumours  of  a  papillary  character  which  grew  from 
the  dura  mater  and  pressed  on  the  brain  substance.  Although  one  of  these  was 
situated  in  the  falx,  which  does  not  normally  present  Pacchionian  bodies,  yet 
the  structure  of  the  tumours  conformed  to  that  of  these  bodies.  In  that  on  the 
falx  there  were  calcareous  masses  like  those  which  characterize  the  psammoma. 
The  tumours  measured  respectively  two  inches  and  one  and  a  half  in  diameter. 

Sarcomas  are  exceedingly  important  tumours,  especially  those  of  the 
Dura  mater.  Most  of  them  are  soft  in  consistence  and  contain  chiefly 
round  cells.  Sometimes  there  is  an  alveolar  structure,  and  the  cells 
have  a  distinct  resemblance  to  epithelium,  so  that  the  tumours  have 
been  often  described  as  Cancers.  There  are  even  tumours  remarkably 
like  epitheliomas  sometimes  observed  in  the  dura  mater ;  they  are 
generally  regarded  rather  as  endotheliomas.  The  sarcomas  generally 
present  great  malignancy.  On  the  one  hand,  they  extend  and  involve 
neighbouring  parts  of  the  dura  mater  as  well  as  the  soft  membranes 
and  the  brain  ;  and,  on  the  other  hand,  they  press  outwards  on  the 
skull,  and  may,  after  destroying  the  bone,  work  through  to  the  external 
surface.  These  tumours  have  their  seat  mostly  at  the  base  of  the  skull 
and  often  lead  to  serious  nervous  lesions.  They  may  involve  directly 
such  structures  as  the  pons  or  medulla  oblongata,  the  sarcomatous 
tissue  growing  into  and  replacing  the  proper  structure ;  they  also  grow 
mto  the  cranial  nerves.  By  involving  the  bone  and  enlarging  it,  they 
may  impinge  on  the  foramina  by  which  the  nerves  take  exit.  As  they 
are  seated  usually  at  the  base,  they  generally,  when  they  work  through 
the  skull,  present  in  the  pharynx  or  nares. 

Of  the  remaining  tumours,  the  Syphilitic  have  been  already  con- 
sidered (p.  769).  Tubercular  growths  hardly  ever  occur  except  by 
propagation  from  disease  of  the  vertebrae.  Dermoid  cysts  of  the  dura 
mater  have  been  observed  in  a  few  cases. 

The  Echinococcus  sometimes  develops  in  the  neighbourhood  of  the 
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spinal  canal— in  the  muscles  or  in  the  vertebrae.  By  enlarging  it  may 
extend  into  the  canal,  pushing  the  dura  mater  before  it  and  compressing 
the  cord.  It  has  even  been  found  to  have  its  seat  inside  the  dura 
mater.  A  few  cases  of  Cysticercus  in  the  subarachnoid  space  have  been 
described. 

Literature.— Beigel  (Cysts  of  choroid  plexus),  Path.  Trans.,  1869,  xx. ;  Kelly 
(Papilloma  of  4th  vent.),  ibid.,  1873,  xxiv. ;  Cleland,  Glasg.  Med.  Jour.,  xi.,  1861 ; 
Davaike,  Traite  des  entozoaires,  1878;  Madeb  (Cysticercus  in  3rd  vent.),  Berichte 
des  Rudolfstiftes  in  Wien,  1872 ;  Gowers  and  Horsley,  Tumour  of  cord.  Trans. 
Med.  Chiv.  Soc,  Lond.,  Ixxi. ;  Meyerhoff,  Die  Lipome  d.  Eftckenmarks.,  Inaug. 
Diss.,  1901. 


v.— AEFECTIONS  OF  THE  PINEAL  AND  PITUITARY  BODIES. 

1.  Pineal  gland. — The  pineal  body  is  a  small  reddish  structure,  which 
is  adherent  to  the  under  surface  of  the  velum  interpositum,  so  that  it  is 
often  torn  away  in  removing  the  choroid  plexus  and  velum  interpositum. 
It  is  connected  by  two  peduncles  of  white  substance  with  the  optic 
thalami  in  front.  In  the  adult  the  structure  of  the  pineal  gland  is  very 
indefinite,  but  it  is  often  partly  cystic,  and  it  usually  contains  calcareous 
particles,  or  brain  sand. 

At  an  early  period  of  development  the  pineal  gland  contains  saccules  and  folHcles 
lined  with  cylindrical  epithelium,  and  this  structure  is  retained  in  adult  life  in  some 
animals.  According  to  some  observers  the  pineal  gland  is  an  aborted  or  rudi- 
mentary median  eye,  the  Pineal  eye,  which  in  the  reptiUa  still  shows  sufficient 
structure  to  be  recognizable.  The  eye  is  of  the  invertebrate  type  having  the  rods 
and  cones  in  front  of  the  expansion  of  the  nerve  instead  of  behind  it  as  in  the 
vertebrata.  These  observations  may  perhaps  explain  the  occurrence  of  tumours 
with  epithelium,  cartilage,  and  other  structures  in  the  pineal  gland. 

The  gland  is  occasionally  the  seat  of  tumours.  There  are  simple 
enlargements  from  hyperplasia,  sometimes  with  increase  of  the  brain 
sand  constituting  a  psammoma.     There  are  also  cysts  replacing  the 


wland. 


Bulky  tumours  of  complex  structure  have  been  observed  originating 
in  the  pineal  gland,  sometimes  attaining  to  the  size  of  a  small  apple. 
Weigert  has  described  a  teratoma  which  measured  an  inch  and  three- 
eighths  in  diameter,  and  contained  hairs,  hair-follicles,  sebaceous  glands, 
cartilage,  fat,  smooth  muscle,  cylindrical  epithelium,  and  perhaps  nerves. 
The  ptneal  gland  is  probably  the  most  frequent  seat  of  intracranial 
teratoma  (see  Fig.  166,  p.  328).  Falkson  and  the  author  have  recorded 
cases,  to  which  the  name  chondro-adeno-sarcoma  might  be  given,  ni 
which  the  bulk  of  the  tumovxr  was  sarcomatous,  but  associated  with 
cartilage,  glandular  structures,  and  cysts  (see  Fig.  501);  and  Turner 
has  desci-ibed  one  somewhat  similar  in  structure  but  without  cartilage. 


PINEAL  AND  PITUITARY  GLANDS. 

From  the  position  of  the  pineal  gland  these  tumours  are  specially 
liable  to  distend  the  third  ventricle,  and  they  are  also  apt  to  press  on 
the  optic  thalami,  peduncles  and  corpora  quadrigemina  (see  Fig.  502). 


Pig.  501.— Prom  a  complex  tumour  of  the  pineal  gland,  a,  cartilage  ;  b,  glandular 
tissue  developing  cysts  ;  c,  sarcomatous  tissue. 


Pig.  fiO-i.— Tumour  of  the  pineal  gland,  a,  tumour;  b,  pedicle  attached  in  situation 
of  pineal  gland  ;  c,  corpora  quadrigemina  ;  d,  thalamus  opticus  ;  e,  third  ventricle  ; 
/,  optic  nerve  ;  tj,  portion  of  tumour  in  aqueduct  of  Sylvius  and  fourth  ventricle. 


2.  Pituitary  body.  Hypophysis  cerebri.— The  pituitary  body  or 
hypophysis  cerebri  is  a  small  body  situated  in  the  sella  turcica.  It  is 
elongated  from  side  to  side,  and  is  connected  with  the  brain  by  a  stalk 
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which  is  continuous  with  the  infundibulum  of  the  third  ventricle.  It 
consists  of  two  lobes,  anterior  and  posterior,  with  an  intermediate 
boundary  layer.  The  two  lobes  are  very  different  in  structure.  The 
posterior  lobe  presents  chiefly  bundles  of  spindle-shaped  cells  partly 
pigmented.  The  anteridr  lobe  has  the  structure  of  a  ductless  gland, 
and  is  regarded  as  similar  in  structure  and  function  to  the  thyroid 
gland,  consisting,  like  it,  of  saccules  lined  with  epithelium.  In  the 
intermediate  zone  there  are  spaces  lined  with  ciliated  epithelium. 

The  analogy  between  the  pituitary  body  and  the  thyroid  gland  has 
led  to  observations  as  to  its  condition  in  diseases  of  the  thyroid,  such 


Fig.  503. — Tuberculosis  of  the  pituitary  body. 


as  goitre  and  cretinism,  and  in  cases  where  the  thyroid  has  been 
removed.  Removal  of  the  thyroid  in  animals  and  man  is  followed  by 
enlargement  of  the  pituitary  body,  so  that  it  weighs  double  the 
amount,  of  the  normal  body  (the  normal  weight  in  man  is  about  -5  or 
•6  gramme).  The  body  has  also  been  found  enlarged  in  cases  of 
myxoedema  and  cretinism,  in  which  diseases  atrophic  conditions  of 
the  thyroid  exist,  but  it  is  doubtful  if  the  enlargement  is  constant. 
In  all  these  cases  it  is  the  glandular  anterior  lobe  which  increases 
in  size. 

Gummatous  lesions  have  been  noted  in  rare  cases.  In  Fig.  503 
is  represented  a  caseous  tuberculous  mass  replacing  the  gland. 

Tumours  also  occur  in  the  pituitary  body.  Most  of  the  tumours 
have  been  connected  with  the  anterior  lobe,  but  a  few  are  recorded  in 
which  the  infundibulum  or  posterior  lobe  has  been  affected.  The 
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forms  of  tumours  met  with  correspond  with  the  glandular  structure  of 
the  anterior  lobe.  Adenoma,  consisting  of  a  simple  enlargement  of  the 
o-land,  is  the  form  most  frequently  described.  Weigert  describes  a  case 
in  which  the  tumour  was  as  large  as  a  hen's  egg.  These  tumours  are 
sometimes  designated  by  the  term  struma  pituitaria,  this  term  again 
indicating  a  relation  to  the  thyroid  gland.  Cysts  which  may  be  serous 
or  colloid  also  occur.  Teratoma  is  a  rarer  form.  Sarcoma  has  been 
met  with  in  some  cases  (Fig.  504,  and  Fig.  98,  p  238). 


Fig.  004.— Sarcoma  of  the  pituitary  body. 


It  is  of  great  interest  that  Acromegaly  is  found,  in  a  large  proportion 
of  cases,  to  be  associated  with  enlargement  of  the  pituitary  body.  The 
enlargement  is  glandular  and  may  be  cystic,  and  as  large  as  a  lien's 
egg.  There  is  great  enlargement  of  the  sella  turcica  and  deformity  of 
the  parts  around. 

Literature. — Pineal  G'/ajid— Weigebt,  Vircli.  Arch.,  1875,  Ixv. ;  Falkbon,  ibid., 
1879,  Ixxv. ;  Turner,  Path.  Trans.,  1885,  xxxv. ;  Coats,  ibid.,  1887,  xxxviii. ; 
MiHALKOvics,  Centralb.  f.  d.  med.  Wiss.,  1874  ;  Baldwin  Spencer  (Pineal  eye), 
Quart.  Jour,  of  microscop.  Sc.,  Oct.,  1886.  Pituitary  body — see  Literature  fully  in 
BoYCE  and  Beadles,  Journ.  of  path.,  i.,  378,  1893;  Weigert,  Virch.  Arch.,  Ixv., 
1875;  Marie  and  Souza-Leite,  Essays  on  Acromegaly,  New  Syd.  Soc. ,  1891. 


SECTION  V. 


DISEASES  OF  THE  ORGANS  OF  RESPIRATION. 

General  Introduction.— The  function  of  respiration  implies  access  of  air  to  the 
blood  and  of  blood  to  the  air,  a  double  mechanism.  Respiratory  movements 
effected  by  nerve  centres.  Pulmonai-y  circulation.  1.  Dyspnoea  arises  (a) 
from  insufi&cient  access  of  air,  and  (b)  from  inefficiency  of  the  pulmonary 
circulation.  Compensation  of  dyspncea,  generally  insufficient  and  liable  to 
fail.  2.  Asphyxia,  the  phenomena  of  sudden  suffocation.  Ecchymoses  in 
pericardium,  pleura,  and  lungs  the  most  obvious  visible  results  post  mortem. 

A.  — The  Nasal  Passages.     1.  Congenital  malformations  ;  2.  Ht«morrhage  ;  .3. 

Acute  catarrh  ;  4.  Chronic  catarrh  ;  5.  Syphilis  and  tuberculosis ;  6.  Rhino- 
scleroma  ;  7.  Tumours  ;  8.  Foreign  bodies. 

B.  — Lar3mx  and  Trachea.    I.  Malformations.    II.  Inflammations.    1.  Diphtheria; 

2.  Acute  catarrh,  sometimes  leading  to  oedema  glottidis ;  3.  Chronic  catarrh  ; 
4.  Subglottic  inflammation ;  5.  Inflammation  of  cartilages.  III.  Syphilis  and 
Tuberculosis.    IV.  Tumours  and  Foreign  bodies. 

C.  — The  Bronchial  Tubes.    Introduction.    I.  Inflammations.    1.  Bronchial  catarrh, 

constituting  ordinary  bronchitis,  (a.)  acute,  (b)  chronic;  2.  Septic  bronchitis  ; 

3.  Fibrinous  bronchitis.  II.  Stenosis  and  Dilatation.  1.  Nan-owing  ;  2. 
Dilatation  ;  bronchiectasis.  III.  Tumours  and  Foreign  bodies.  Importance 
of  the  lesions  resulting  from  foreign  bodies. 

GENERAL  INTRODUCTION. 

IN  studying  the  different  diseases  of  the  respiratory  organs  it  is 
necessary  to  consider  the  effects  which  they  have  on  the  functions 
of  the  organs  concerned.  In  this  introductory  section  the  structure 
and  function  of  the  organs  will  be  considered  together  with  the  altera- 
tions in  function  to  which  disease  gives  rise. 

The  respiratory  organs  are  designed  to  bring  the  air  into  close  rela- 
tion with  the  blood  in  order  to  effect  an  interchange  of  gases  between 
the  two.  With  this  in  view  there  is  a  double  mechanism  by  which,  on 
the  one  hand  the  air  is  carried  into  the  lungs,  and  on  the  other  the 
blood  is  propelled  into  the  pulmonary  capillaries.  Both  of  these 
processes  are  equally  necessary  to  the  performance  of  the  respiratory 
function,  and  the  latter  is  deranged  by  interference  with  either  of 
them. 
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The  respiratory  organs  proper  are  concerned  primarily  in  the 
admission  of  air  into  the  lung  alveoli  or  air-vesicles,  where  it  comes 
into  close  relation  with  the  blood.  The  air  passes  through  the  nose  or 
mouth,  into  the  larynx,  thence  down  the  trachea  and  bronchi  till  it 
reaches  the  lung  alveoli,  where  the  essential  respiratory  surface  exists. 
The  pulmonary  capillaries  ramify  in  a  very  abundant  plexus  in  the 
walls  of  the  lung  alveoli,  and  the  blood  is  separated  from  the  air 
merely  by  the  capillary  wall  and  a  single  layer  of  very  thin  epithelium. 
It  is  here  that  the  blood  gives  up  its  excess  of  carbonic  acid  and 
absorbs  oxygen,  the  haemoglobin  of  the  red  corpuscles  being  the 
medium  of  this  interchange.  The  blood  circulates  through  the  capil- 
laries with  great  rapidity,  but  the  interchange  of  gases  occurs  in  the 
brief  period  occupied  by  the  corpuscles  in  traversing  their  respective 
capillaries. 

The  respiratory  movements,  by  which  the  air  is  alternately  carried 
into  the  lungs  and  expelled  from  them,  are  effected  partly  by  muscular 
effort  and  partly  by  elastic  recoil.  The  movements  of  inspiration  are 
purely  muscular,  whilst  those  of  expiration  are,  under  normal  circum- 
stances, for  the  most  part  mechanical,  due  to  the  elasticity  of  the  lung 
tissue  and  the  natural  sinking  of  the  sternum  and  ribs  by  their  weight 
and  elasticity.  But  even  under  normal  conditions  expiration  is  often 
assisted  by  muscular  effort,  as  in  all  forced  or  rapid  expirations.  Like 
all  muscular  movements  those  of  respiration  are  under  the  control  of 
the  nervous  system. 

The  respiratory  centres  are  situated  in  the  medulla  oblongata. 
These  centres,  removed  as  they  are  from  the  lungs,  are  influenced  in 
their  action  by  the  condition  of  the  blood.  An  excess  of  carbonic  acid 
or  a  deficiency  of  oxygen  in  the  blood  reaching  the  centres,  at  once 
stimulates  them  to  increased  action.  As  all  muscular  actions  and  other 
tissue  processes  cause  a  consumption  of  oxygen  and  a  liberation  of 
carbonic  acid,  the  amount  of  these  in  the  blood  varies  from  time  to 
time.  These  varying  amounts  influence  the  respiratory  centres,  so 
that,  during  active  exertion,  for  example,  when  oxygen  is  abundantly 
absorbed  and  carbonic  acid  given  off"  by  the  muscles,  the  respiratory 
movements  are  increased  in  frequency  or  in  depth,  or  in  both.  There 
are  thus  great  variations  within  normal  limits.  It  is  important  in 
relation  to  pathological  variations  to  remember  that  it  is  the  condition 
of  the  blood  in  regard  to  its  saturation  with  oxygen  and  carbonic  acid 
which  influences  the  movements  of  respiration,  and  not  directly  any 
local  circumstances  in  the  respiratory  organs  themselves. 

The  pulmonary  circulation  is  chiefly  dependent  on  the  right  ventricle 
•of  the  heart,  whose  force  propels  the  blood  into  the  pulmonary  artery 
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and  on  into  the  capillaries  and  veins.  The  respiratory  movements  also' 
exercise  an  influence  on  the  circulation.  During  inspiration,  as  the 
capacity  of  the  chest  is  increased  and  the  intra-thoracic  pressure  is 
diminished,  the  passage  of  blood  into  the  expanding  lungs  is  facilitated, 
whilst  the  passage  of  the  blood  from  the  lungs  by  the  pulmonary  veins 
is  hindered.  Blood  will  thus  surge  into  the  lungs  during  inspiration 
and  be  partly  retained  there.  On  the  contrary,  during  expiration  the 
intra-thoracic  pressure  is  increased  and  the  volume  of  the  lungs 
diminishes.  The  blood  coming  from  the  right  ventricle  will  by  this  be 
partially  stayed,  whilst  the  course  of  that  passing  onwards  to  the  left 
auricle  will  be  hastened. 

Dyspnoea. — This  condition,  which  means  difficulty  of  breathing,  is 
popularly  called  shortness  of  breath.  In  its  physiological  aspects  it 
means  an  exaggeration  of  the  respiratory  movements.  The  affected 
person  has  the  feeling  that  he  does  not  get  sufiicient  air  into  his  lungs, 
and  there  is  an  actual  deficiency  of  oxygen  and  an  excess  of  carbonic  acid 
in  the  blood.  There  arises,  therefore,  a  stimulation  of  the  respiratory 
centres  by  the  abnormal  condition  of  the  blood,  and  dyspnoea  is  brought 
about  when  the  blood  passing  to  the  centres  concerned  is  defective  in 
oxygen  or  contains  an  excess  of  carbonic  acid.  In  dyspnoea  the  muscles- 
of  respiration  are  called  into  excessive  activity.  The  muscles  which 
raise  the  chest  and  the  diaphragm  act  with  exceptional  vigour  so  as  to 
increase  the  inspiratory  effect.  There  is  frequently  also  a  call  made 
for  muscular  effort  to  increase  the  force  of  the  expiratory  movements. 
It  is  in  some  cases  possible  in  this  way  to  distinguish  the  dyspnoea  as 
chiefly  inspiratory  or  chiefly  expiratory. 

From  the  remarks  made  above,  it  will  appear  that  dyspnoea  may 
have  its  origin  either  in  an  insufficiency  of  air  reaching  the  air-vesicles- 
or  in  an  insufficiency  of  blood  passing  through  the  pulmonary  capillaries. 
In  either  case  the  blood  is  insufficiently  oxygenated,  and  the  respiratory 
centres  are  stimulated  to  increased  action. 

Dyspnoea  from  insufficient  access  of  air  is  illustrated  most  directly 
by  obstruction  to  the  air  passages.  This  may  be  in  the  larger  air  tubes 
or  in  the  smaller.  The  obstruction  may  be  a  mechanical  one  as  by 
pressure  of  tumours,  or  aneurysms,  or  from  accumulation  of  exudation 
in  the  tubes,  or  it  may  be  due  to  spasm  of  the  muscular  apparatus. 
The  latter  occurs  somewhat  readily  at  the  glottis,  which  may  be  closed 
by  contraction  of  the  laryngeal  muscles,  but  it  also  occurs  in  the  bronchi, 
where,  as  in  asthma,  there  may  be  a  general  spasm  of  the  finer  tubes. 
But  besides  the  obstruction  of  the  air-tubes,  we  may  have  the  air 
prevented  from  entering  the  lung  alveoli  by  the  latter  getting  filled  up- 
with  solid  or  fluid  exudation.    This  is  of  frequent  occurrence  in  pneii- 
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monia,  in  oedemca  of  the  lungs,  and  in  tuberculosis  of  the  lungs,  and  it 
may  lead  to  severe  dyspnoea. 

Dyspnoea  from  insufficiency  of  the  pulmonary  circulation  has  also 
various  modes  of  origin.  Thus  the  vessels  may  be  seriously  obstructed 
by  pressure  on  the  lung  from  without,  as  in  cases  where  the  pleural  sac 
is  occupied  by  fluid  or  gas  in  large  volume,  although  in  these  cases 
there  is  also  obstruction  to  the  entrance  of  air.  Again  there  may  be 
great  occlusion  of  the  pulmonary  vessels  by  disease  in  the  lungs  them- 
selves. Thus  in  tuberculosis  of  the  lungs  there  is  great  loss  of  tissue, 
including  the  vessels,  and  in  emphysema  there  is  atrophy  of  tissue  and 
occlusion  of  vessels.  But  there  is  a  most  important  group  of  cases  in 
which,  from  derangements  in  the  circulation  itself  and  without  any 
disease  of  the  lungs,  an  insufficient  amount  of  blood  traverses  the  lung. 
This  mostly  arises  from  disease  of  the  heart,  and  the  form  of  dyspnoea 
is  hence  called  cardiac  dyspnoea.  It  occurs  more  especially  in  disease 
of  the  mitral  valve,  which  interferes  with  the  return  of  blood  from  the 
lungs.  In  this  case,  the  pulmonary  capillaries  are  dilated  and  may 
bulge  into  the  alveoli,  but  the  circulation  is  slow,  and  there  is  not  suffi- 
cient oxygen  absorbed  to  satisfy  the  tissues.  Mere  weakness  of  the 
heart  without  organic  disease  often  leads  to  dyspnoea,  especially  on 
exertion. 

In  most  cases  of  dyspnoea  the  organism  in  some  measure  accom- 
modates itself  to  the  altered  circumstances,  and  the  dyspnoea  is  in  part 
at  least  overcome.  This  is  partly  effected  by  the  person  limiting  the 
amount  of  muscular  exertion  in  which  he  engages,  all  muscular  effort 
being  accompanied  by  consumption  of  oxygen  and  formation  of  carbonic 
acid.  Persons  liable  to  dyspnoea  learn  to  go  quietly  and  keep  them- 
selves as  much  as  possible  at  rest.  There  is  also  in  the  case  of 
insufficiency  of  the  pulmonary  circulation  a  partial  compensation 
effected  by  means  of  the  exertions  of  the  right  ventricle.  By  more 
vigorous  contractions  and  ultimately  by  hypertrophy  of  its  muscular 
substance,  the  right  ventricle  succeeds  in  sending  more  blood  through 
the  diminished  channels,  or  in  partly  overcoming  the  impediment  at 
the  mitral  orifice.  These  various  compensations  take  place  more 
readily  when  the  cause  of  the  dyspnoea  is  of  gradual  occurrence.  It  is  a 
matter  of  common  observation  that  an  interference  with  the  circulation 
which  comes  on  slowly  may  produce  no  perceptible  dyspnoea,  whilst  a 
similar  amount  of  interference  suddenly  developed  has  an  exceedingly 
marked  effect. 

While  the  urgency  of  dyspnoea  is  frequently  overcome,  yet  the  blood 
IS  permanently  abnormal  in  respect  that  the  oxygen  is  deficient  and 
the  carbonic  acid  is  in  excess.     The  patient  is  mostly  conscious  that 
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dyspnoea  is  every  moment  ready  to  obtrude  itself.  Any  extra  exertion, 
such  as  climbing  a  stair  or  a  hill,  involving  a  slight  increase  in  the 
consumption  of  oxygen,  at  once  causes  a  deficiency  in  the  blood,  and 
by  stimulation  of  the  medulla  oblongata  leads  to  dyspnoea. 

There  comes  a  time  in  most  of  the  chronic  diseases  that  lead  to 
dyspnoea,  when  even  the  imperfect  compensation  described  above  is  no 
longer  possible.  This  takes  place  most  readily  where  the  dyspnoea  is 
due  to  interference  with  the  circulation  of  the  blood.  As  the  inter- 
ference advances  the  limits  of  compensation  of  the  right  ventricle  are 
reached.  The  circulation  is  impeded  not  only  in  the  lungs,  but  by 
dilatation  of  the  right  ventricle  ;  and  ultimately  by  insufficiency  of  the 
tricuspid  valve  interference  with  the  general  systemic  circulation  occurs. 
There  is  a  general  venous  hyperaemia.  With  this  there  is  an  increase 
in  the  entire  bulk  of  the  blood,  and  a  further  difficulty  in  keeping  up 
the  percentage  of  oxygen  in  the  increased  volume  of  blood.  In  such 
cases  the  dyspnoea  becomes  more  or  less  permanent,  and  there  are 
added  to  it  the  phenomena  of  cyanosis  and  general  oedema,  which  are 
indications  of  failure  in  the  compensatory  power  of  the  heart.  These 
phenomena  of  dyspnoea  and  failure  of  the  compensatory  power  of  the 
heart  are  not  limited  to  cases  of  cardiac  disease  proper,  but  occur  in 
such  conditions  as  emphysema  and  bronchitis  where  the  pulmonary 
circulation  is  obstructed.  They  are  less  likely  to  occur  in  cases  where 
from  general  emaciation  the  volume  of  the  blood  and  the  bulk  of  the 
tissues  requiring  oxygen  are  diminished. 

The  dyspnoea  may  be  increased  or  rendered  more  permanent  by 
the  occurrence  of  pyrexia.  Febrile  rise  of  temperature  implying 
increased  oxidation  has  a  similar  effect  to  increased  muscular  effort 
in  stimulating  the  respiratory  centres.  In  this  connection  Cohnheim 
has  called  attention  to  the  fact  that  in  pneumonia  the  occurrence  of 
the  crisis  with  a  sudden  fall  of  temperature  is  usually  followed  by 
an  almost  entire  cessation  of  the  dyspnoea,  although  the  air  is  still 
shut  off  from  the  lung  alveoli  by  the  inflammatory  exudation  as  much 
as  it  was  before. 

Asphyxia.  Suffocation. — These  terms  imply  a  more  or  less  sudden 
and  complete  interference  with  the  process  of  respiration,  whether  by 
interruption  to  the  entrance  of  air  into  the  lungs  or  to  the  passage  of 
blood  through  them.  So  far  as  the  medulla  oblongata  is  concerned, 
the  effect  of  a  block  in  the  pulmonary  circulation  will  be  similar  to  that 
of  a  closure  of  the  larynx  or  trachea.  In  either  case  the  blood  reaching 
the  respiratory  centres  will  be  deficient  in  oxygen,  and  the  result  is  an 
excessive  stimulation  of  these  centres. 

The  first  result  of  a  sudden  and  complete  obstruction  to  the  air- 
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passages,  as  when  a  foreign  body  gets  into  the  larynx,  or  in  drown- 
ing or  other  modes  of  suffocation,  is  the  development  of  urgent 
dy'spnoea.  All  the  respiratory  muscles  are  brought  into  violent  exer- 
cise, but  the  expiratory  phase  is  more  laboured  than  the  inspiratory. 
These  violent  muscular  contractions  extend  to  other  muscles,  and  in 
about  a  minute  they  develop  into  general  convulsions.  This  is  followed 
by  relaxation  of  the  muscles  and  gradual  diminution  of  the  respirations 
and  death.  During  the  acute  period  there  is  a  great  rise  in  the 
arterial  blood-pressure  as  measured  by  the  kymograph.  In  the  later 
period  the  blood-pressure  falls  to  the  normal  or  subnormal. 

During  the  active  period  of  suffocation  small  haemorrhages  or 
ecchymoses  occur.  These  are  most  common  in  the  lungs  and  pleui'a 
and  in  the  pericardium,  but  are  also  met  with  in  certain  of  the  softer 
tissues  of  the  body,  as  the  conjunctiva,  pia  mater,  or  retina.  Those 
in  the  pleura  and  pericardium,  as  they  are  the  most  frequent  and 
most  readily  observed,  afford  the  most  direct  evidence  post-mortem 
of  death  from  asphyxia.  The  most  obvious  explanation  of  these 
htemorrhages  is  that  they  are  the  result  of  the  excessive  increase  of 
the  arterial  blood-pressure.  This  is  doubtless  the  explanation  of  the 
heemorrhages  in  the  conjunctiva  and  pia  mater,  but  in  the  case  of  the 
pleura  and  pericardium  another  element  enters  which  acts  along  with 
the  increased  blood-pressure  and  determines  the  greater  frequency  of 
ecchymosis  within  the  chest.  This  element  is  the  suction  action  of  the 
violent  inspiratory  efforts  producing  a  partial  vacuum  in  the  chest  and 
so  diminishing  the  support  of  the  vessels.  It  may  be  stated  here  that 
the  author  is  able  to  state  from  observations  of  his  own  that  the 
haemorrhages  in  the  chest  are  not  limited  to  the  pleura  and  pericardium, 
but  affect  the  parenchyma  of  the  lung  as  well.  But  in  the  lung  the 
bleeding  is  chiefly  in  the  interlobular  connective  tissue  and  not  into 
the  lung  alveoli.  This  determines  that  the  hjemorrhage  is  from  the 
bronchial  artery,  which  supplies  the  connective  tissue  of  the  lung,  and 
not  from  the  pulmonary  artery.  It  is  the  bronchial  artery  also  which 
supplies  the  pulmonary  pleura.  The  influence  of  the  rise  in  blood- 
pressure  is  here  seen.  The  blood  in  the  pulmonary  artery  does  not 
take  part  in  the  rise  in  pressure,  but  that  in  the  bronchial  arteries  does 
so,  as  these  arteries  belong  to  the  systemic  system.  The  pleural  and 
pulmonary  ecchymoses  are  thus  due  directly  to  the  rise  in  blood- 
pressure,  but  their  frequency  in  these  situations  is  to  be  referred  to 
the  local  circumstances  of  the  dyspnoea. 

Cohnheim  has  fallen  into  the  curious  error  of  regarding  these  htemorrhages  as 
occurring  from  the  pulmonary  arterial  system  and  ignoring  the  bronchial  arteries. 
As  the  pulmonary  system  is  not  affected  by  the  rise  in  blood-pressure  he  infers  that 
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the  suction  of  inspiration  is  the  only  cause  of  the  hajmorrhages,  although  admitting 
that  the  ha3morrhages  in  the  conjunctiva  and  pia  mater  are  due  to  the  rise  in 
blood-pressure. 

Where  the  interference  with  the  access  of  air  or  with  the  pulmonary 
■circulation  is  less  sudden  or  less  complete,  the  phenomena  are  much 
less  urgent  than  those  above  noted,  and  are  of  the  character  rather  of 
those  of  dyspnoea  as  already  described. 


A. — The  Nasal  Passages. 

1.  Congenital  malformations.— Such  deformities  as  absence  of  the 
nose  and  its  cavities,  and  stenosis,  are  usually  parts  of  a  general  mal- 
formation, chiefly  Cyclopia  (see  p.  49).  In  Clefts  of  the  lip  and  palate, 
the  nasal  cavities  are  in  communication  to  a  greater  or  less  extent  with 
the  mouth.  This  communication  renders  the  mucous  membrane  of  the 
nares  liable  to  inflammation.  Normally,  the  nasal  passages  are  protected 
against  any  irritation  except  that  of  the  air  passing  through  them,  and 
the  mucous  membrane  is  correspondiugly  sensitive.  We  know  how  the 
accidental  passage  of  a  piece  of  solid  food  into  the  nares  causes  great 
irritation,  and  we  shall  afterwards  see  that  the  existence  of  a  foreign 
body  in  the  nares  is  a  frequent  cause  of  prolonged  catarrh.  In  cases  of 
•cleft  palate  the  food  and  secretions  of  the  mouth  readily  pass  into  the 
nares,  and  although  a  certain  tolerance  may  be  established,  persons  so 
aff'ected  are  peculiarly  liable  to  catarrh  of  the  nares. 

2.  Haemorrhage.  Epistaxis. — Haemorrhage  from  the  nares  is  of 
frequent  occurrence.  There  are  persons  who  have  a  special  proclivity 
to  it,  in  whom  it  occurs  at  intervals  without  apparent  cause.  It  also 
occurs  in  consequence  of  tumours,  especially  polypi  in  the  nares,  the 
mucous  membrane  over  the  tumour  being  liable  to  bleed.  It  is  of 
frequent  occurrence  in  certain  forms  of  cardiac  disease,  and  is  an 
occasional  concomitant  of  fevers  (typhoid  fever)  especially  at  their 
onset.  The  blood  usually  comes  from  the  anterior  part  of  the  nares, 
and  especially  from  the  mucous  membrane  over  the  cartilaginous 
septum. 

3.  Acute  catarrh.  Acute  rhinitis.  Coryza.— Acute  inflammation  of 
the  nares  occurs  most  frequently  as  a  catarrh,  constituting  the  ordinary 
cold  in  the  head,  but  there  may  be  a  more  intense  and  specific  inflam- 
mation as  in  diphtheria  and  scarlet  fever. 

In  the  case  of  the  specific  fevers,  the  special  irritant  concerned  in 
their  production  may  attack  the  nares  and  produce  acute  inflammation 
there.  This  is  nearly  always  the  case  in  measles,  but  sometimes  also  in 
small-pox,  diphtheria,  and  scarlet  fever.    For  ordinary  catarrhs  Cold  is 
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usually  assigned  as  the  cause.  The  mucous  membranes  of  the  air 
passages  are  indeed  much  more  liable  to  inflammations  than  those  of 
the  alimentary  canal,  and  an  exposure  to  cold  air  which  would  not 
produce  any  catarrh  of  the  mouth  might  possibly  do  so  in  the  nares. 
Moreover,  the  fact  that  the  nares  are  the  nearest  part  of  the  air 
passages  to  the  air,  and  are  therefore  most  exposed  to  the  action  of 
cold,  is  an  indication  that  such  exposure  has  probably  something  to  do 
with  it. 

Mere  inhalation  of  cold  air  is  not  enough  to  produce  catarrh,  as  every  one  who  is 
liable  to  cold  in  the  head  will  admit.  A  person  is  able  at  one  time  to  brave  any 
amount  of  exposure  without  the  risk  of  catarrh,  while  at  another  time  a  slight 
draught,  or  no  perceptible  exposure  at  all,  will  bring  it  on.  Such  circumstances  as 
these,  taken  along  with  the  fact  that  the  catarrh  has  a  definite  course,  usually  of  a 
week's  duration,  justify  the  view  that  the  disease  is  reaUy  due  to  a  specific  morbid 
poison.  In  this  view  it  is  necessary  to  suppose  that  the  microbes  are  usually 
present  in  the  air  or  in  the  mucous  membrane,  and  that  they  take,  as  it  were, 
advantage  of  the  mucous  membrane  when,  at  any  time,  it  is  in  a  specially  predis- 
posed state.  This  predisposition  may  be  induced  by  cold  applied  either  directly  to 
the  mucous  membrane  or  to  some  other  part  of  the  body,  but  other  predisposing 
causes  may  exist.  For  instance,  when  a  person  is  overheated  the  arteries  of  the 
skin  and  of  the  respiratory  mucous  membranes  are  relaxed,  and  there  is  an  active 
hypersemia.  At  such  a  time  a  catarrh  is  readily  induced,  apparently  because  the 
mucous  membrane  is  less  able  than  usual  to  resist  the  action  of  irritants.  There  is 
apparent  confirmation  of  such  a  view  as  this  in  the  fact  that  nasal  catarrh  un- 
doubtedly occurs  as  the  result  of  the  action  of  specific  irritants.  In  measles  the 
catarrh  of  the  nares  and  conjunctiva  is  referable  to  the  specific  virus  of  that  disease. 
In  hay  asthma  the  irritation  of  the  pollen,  etc.,  is  the  cause  of  the  catarrh.  Again, 
it  is  commonly  stated  that  nasal  catarrh  is  communicable  from  person  to  person, 
and  it  is  hardly  conceivable  that  this  could  occur  unless  the  disease  had,  as  a  part 
of  its  cause,  some  specific  materies  morhi. 

The  catarrh  begins  with  an  inflammatory  hypersemia  of  the  mucous 
membrane.  This  may,  of  itself,  lead  to  swelling  so  great  as  partially  to 
obstruct  the  passages,  giving  the  feeling  of  a  "stuff'ed  nose."  The 
inflammation  soon  passes  on  to  exudation.  This  finds  its  way  for  the 
most  part  to  the  surface,  but  in  its  passage  it  increases  the  swelling  of 
the  mucous  membrane.  The  exudation  is  the  usual  one  of  inflamma- 
tion, namely  the  blood-plasma  with  leucocytes.  At  first  this  is  mixed 
with  mucus,  but  as  it  increases  in  amount  it  rapidly  assumes  a  serous 
character,  and  we  know  that  a  great  abundance  of  serous  fluid  may  be 
discharged  from  the  nostrils.  As  time  goes  on  the  leucocytes  increase 
in  the  exudation,  and  it  may  assume  a  semi-purulent  character.  Some- 
times red  corpuscles  are  present,  and  the  discharge  has  a  greenish-yellow 
colour. 

It  IS  to  be  remembered  that  there  are  various  cavities  in  direct  com- 
munication ^vith  the  nares,  of  which  the  principal  are  the  Frontal 
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sinuses  and  the  Antrum  of  Highmore,  and  that  these  frequently  take 
part  in  the  acute  catarrh.  It  will  be  observed  that  in  all  stages  of  the 
catarrh  there  is  more  or  less  swelling  of  the  mucous  membrane,  and 
that  this  leads  to  the  obstruction  of  the  passages  which  is  such  a  marked 
symptom.  This  swelling  is  temporary  in  the  acute  disease,  but  in 
chronic  catarrh  it  is  apt  to  give  way  to  a  more  permanent  thickening. 

Acute  inflammation  sometimes  extends  to  the  nares  in  Diphtheria. 
The  anatomical  changes  will  be  considered  in  next  section. 

4.  Chronic  nasal  catarrh. — This  may  supervene  upon  acute  catarrh, 
or  it  may  be  of  more  independent  origin.  The  presence  of  foreign 
bodies  not  infrequently  leads  to  an  inveterate  discharge  from  the  nares, 
more  especially  in  children.  The  prolonged  existence  of  catarrh  leads  to 
various  changes  in  the  mucous  membrane.  There  may  be  Atrophy 
with  induration,  a  process  similar  to  cirrhosis.  In  this  case  there  is 
frequently  an  excessive  purulent  discharge  (Ozsena),  which  usually 
has  a  very  foetid  odour.  In  other  cases  there  is  Hypertrophy  of  the 
mucous  membrane,  which  may  even  amount  to  a  distinct  polypus 
(see  below).  The  finer  ramifications  of  the  olfactory  nerves  are 
injured  by  these  tissue  changes,  and  smell  is  lost  or  impaired,  in  many 
cases  permanently. 

5.  Syphilitic  and  Tubercular  lesions  of  the  nares. — Syphilis  not 
infrequently  affects  the  nares  in  the  tertiary  stage.  There  is  the 
formation  of  gummatous  tissue  with  inflammation,  beginning  either  in 
the  mucous  membrane  or  in  the  deeper  parts.  As  the  lesion  is 
superficial  there  is  usually  ulceration,  and  this  may  involve  the  soft 
parts  and  the  bones  very  extensively.  There  may  arise  in  this  way 
serious  lesions,  such  as  perforation  of  the  septum,  communication  with 
the  mouth,  falling  in  of  the  nasal  bones,  etc.  When  the  bones  are 
afl'ected  the  discharge  is  liable  to  be  very  putrid  (SyjMlitic  ozcena).  If 
healing  occurs  the  cicatricial  contraction  may  produce  still  further 
deformities. 

Tuberculosis  of  the  nares  is  not  often  observed,  perhaps  because  the 
nares  are  not  usually  examined  fully  post  mortem.  Where  the  nares 
have  been  systematically  examined,  however,  as  by  Dmochowski, 
tuberculosis  is  found  in  a  considerable  proportion  of  cases  as  a  second- 
ary result  of  tuberculosis  elsewhere  (21  times  in  64  cases).  The  disease 
occurs  chiefly  in  connection  with  tuberculosis  of  the  lungs  and  larynx. 
The  lesion  presents  itself  either  in  the  form  of  a  more  or  less  localized 
infiltration  or  of  an  ulcer,  or  the  two  conditions  may  coexist.  The 
cartilaginous  septum  is  perhaps  the  most  frequent  seat  of  tuberculous 
ulceration  in  the  nose.  The  ulceration  may  sometimes  result  in  the 
perforation  of  the  septum.    Lupus  of  the  face  not  infrequently  extends 
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to  the  nasal  mucous  membrane.  There  are  tubercles  in  the  mucous 
membrane  and  ulceration. 

6.  Rhinoscleroma. — This  is  a  disease  very  rarely  seen  in  this  country. 
It  occurs  mainly  in  the  south-east  of  Europe  and  appears  to  be  com- 
paratively common  in  Austria. 

It  originates  not  infrequently  at  the  margin  of  the  nostril,  extending 
backwards  into  the  nares  or  to  the  upper  lip.  It  may  originate  in  the 
larynx,  pharynx  or  hard  palate.    It  usually  runs  a  very  chronic  course. 

Slightly  elevated  nodules  or  plates  of  almost  cartilaginous  consistence 
develop  in  the  situations  indicated.  The  lesions  are  usually  smooth  on 
the  surface,  have  a  reddish  colour  and  rarely  lead  to  ulceration  or 
discharge.  In  the  later  stages  of  the  disease  marked  deformity  and 
stenoses  may  result.  Examined  microscopically  the  appearances  are 
those  seen  in  infective  granulomata.  In  addition  to  the  round-celled 
infiltration,  lai'ger  cells  of  translucent  appearance  are  found.  These 
contain,  often  in  large  numbers,  bacilli  which  closely  resemble  the 
Bacillus  of  Friedlander. 

7.  Tumours. — Amongst  the  lesions  just  bordering  on  tumours  may 
be  mentioned  the  so-called  Post-nasal  adenoid  growths.  This  name 
is  a  somewhat  unfortunate  one,  and  it  should  be  remembered  that  the 
glands  concerned  are  lymphatic  follicles  and  not  proper  epithelial 
glands.  The  subject  will  be  more  fully  considered  in  connection  with 
the  tonsils  and  naso-pharynx,  Avhich  are  liable  to  similar  lesions. 

Another  form  of  lesion  which  has  affinities  with  chronic  inflammation 
is  the  Mucous  polypus  of  the  nares.  Like  other  mucous  polypi  they 
occur  very  commonly  as  a  result  of  chronic  catarrh,  but  they  appear 
occasionally  without  any  apparent  cause.  They  are  usually  in  the  form 
of  rounded  ijrojections  having  a  comparatively  narrow  base  or  neck, 
the  growth  becoming  more  pedunculated  as  it  enlarges.  They  often 
produce  much  obstruction  of  the  passages,  and  are  not  infrequently 
multiple.  In  structure  some  of  them  present  simply  the  constituents  of 
the  inflamed  mucous  membrane— connective  tissue  with  rather  wide 
serous  spaces,  and  covered  with  cylindrical  ciliated  epithelium.  (If  the 
epithelium  be  examined  in  fluid  immediately  after  removal,  the  ciliary 
motion  will  be  seen.)  The  connective  tissue  is  usually  so  infiltrated 
with  serous  fluid  as  to  give  an  oedematous  appearance  to  the  polypus, 
and  sometimes  a  more  definite  cystic  formation  occurs.  In  some  cases 
there  are  contained  in  the  tumour  mucous  glands,  but  it  is  doubtful  if 
there  is  a  true  new-formation  of  gland  tissue.  Cysts  sometimes  develop 
trom  dilatation  of  mucous  glands  contained  in  the  tumour. 

Polypi  are  sometimes  found  of  a  difl'erent  character  from  those 
mentioned  above.    There  may  be  true  Papillomata,  or  there  may  be 
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Myxomata  or  Fibromata  taking  the  form  of  polypi.  These  latter 
usually  take  origin  in  the  periosteum.  Cysts  are  rare,  if  one  excludes 
those  arising  from  polypi.  They  are  usually  situated  on  the  floor  of 
the  nose  anteriorly.  Malignant  tumours  sometimes  assume  the 
polypoid  form. 

Of  the  malignant  tumours,  Sarcomas,  originating  mostly  in  the 
periosteum  or  perichondrium,  may  produce  serious  obstruction  and 
deformities  of  the  nasal  structures.  The  sarcomas  often  dislocate  the 
nasal  bones,  and  involve  the  neighbouring  structures  in  their  substance. 
In  this  way  they  sometimes  penetrate  into  the  antrum,  or  involve  the 
hard  palate  and  alveoli.  Cancers  rarely  occur  in  the  nares  as  primary 
tumours,  but  may  involve  them  by  extension  from  neighbouring  parts. 

8.  Foreign  bodies.— Different  kinds  of  foreign  bodies  are  not  in- 
frequently found  in  the.  nares.  They  may  be  introduced  into  the 
nostrils  accidentally  or  designedly  by  children.  These  may  become 
coated  with  lime  salts  so  as  to  form  nasal  calculi  or  Rhinoliths,  which 
may  also  form  without  the  presence  of  a  true  foreign  body,  the  lime 
being  deposited  in  inspissated  secretions.  Occasionally,  maggots  find 
their  way  into  the  nares,  and  sometimes  fungi  (Aspergillus  fumigatus) 


occur 


Most  foreign  bodies  irritate  the  mucous  membrane,  producing  chronic 
catarrh,  frequently  accompanied  by  very  putrid  discharges  (Ozsena). 

Literature. -Cohen,  Dis.  of  throat  and  nasal  passages,  1879;  Moeell  Mackenzie, 
Manual  of  dis.  of  throat  and  nose,  ii.,  1884;  Michel,  Krank.  d.  Nasenhohle,  1876 ; 
ZucKEEKAHDL,  Norm.  u.  path.  Anat.  der  Nasenhohle,  1882;  Seifert  and  Kahn, 
Atlas  d.  Histopath.  d.  Nase,  1895  ;  Bresgen,  Chron.  Nasen-  und  Rachen-katarrh, 
1883;  Dmochowski  (Tuberculosis),  Ziegler's  Beitrage,  1894,  B.  xvi.  s.  109  ;  Gebber 
(Syphilis),  Die  Syphilis  der  Nares  und  des  Halses,  1895 ;  Kelly  (Cysts),  Journ.  of 
Laryng.,  1898. 

B.— The  Larynx  and  Trachea. 

The  lesions  of  the  larynx  and  trachea  are  frequently  associated  with 
those  of  the  bronchi,  more  especially  the  inflammations.  Their  separa- 
tion here  is  consequently  somewhat  artificial. 

I  Malformations.-Entire  Absence  of  the  larynx  and  trachea  occurs 
only  in  acephalic  monsters  which  are  incapable  of  hving.  There  are, 
further  cases  of  Communication  between  the  trachea  and  oesophagus. 
In  these  cases  the  pharynx  generally  ends  in  a  cul-de-sac,  and  the  ceso 
phagus  opens  into  the  trachea.  Then  we  meet  with  cases  of  imperfect 
closm-e  of  the  original  branchial  clefts  leading  to  the  Congenital  fistula 
me  neck,  already  considered  (see  p.  53).  Again,  Indmdual  ca^^^^^^ 
Lges,  as  the  epiglottis,  or  one  or  more  of  the  rings  of  the  trachea,  ma.^ 
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be  absent,  or  there  may  be  one  or  more  supernumerary  rings.  The 
trachea  may  divide  into  three  main  bronchi  instead  of  two,  and  in  that 
case  two  stems  pass  to  the  right  lung  and  one  to  the  left.  Occasionally 
the  larynx  is  congenitally  narrow,  or  it  may  fail  to  undergo  the  usual 
changes  at  puberty,  especially  in  cases  of  castration  before  puberty  or 
of  non-descent  of  the  testes.  Lastly,  the  trachea  has  been  observed  to 
the  left  of  the  oesophagus  or  even  behind  it. 

II.  Spasm  of  the  glottis.  Laryngismus  stridulus. — The  larynx 
being  exceedingly  sensitive,  is  somewhat  readily  brought  into  a  state 
of  spasm.  Thus  the  mere  introduction  of  a  brush  with  a  stimulating 
solution  into  the  larynx  usually  produces  a  spasm  which  may  be 
sufficient  almost  to  close  the  glottis  for  some  seconds.  A  foreign  body 
which  has  lodged  in  the  larynx  usually  produces  violent  spasm,  and 
the  obstruction  in  these  cases  may  be  much  more  the  result  of  spasm 
than  of  the  foreign  body.  Spasm  is  also  produced  in  some  cases  by 
inflammations  of  the  larynx. 

Irritation  of  the  nerves  of  the  larynx  or  of  the  trachea  sometimes 
leads  to  spasm  of  the  glottis.  Aneurysms  by  causing  irritation  of  the 
recurrent  laryngeal  nerve  may  produce  this  effect,  but  they  may  do  so 
by  pressure  directly  on  the  trachea,  the  eff'ect  in  this  latter  case  being 
reflex. 

A  more  independent  spasm  of  the  glottis  is  of  somewhat  frequent 
occurrence  in  children,  and  is  known  by  the  name  of  Laryngismus 
stridulus  or  False  croup.  There  may  be  no  appreciable  disease  of 
the  larynx,  or  at  most  a  catarrh,  but  a  sudden  spasm  occurs  with  great 
distress  and  urgent  dyspnosa.  The  obstruction  may  be  even  fatal. 
The  dyspnoea  is  accompanied  by  the  crowing  respiratory  sound  and 
hoarse  cough  which  have  given  rise  to  the  name  Croup. 

III.  Inflammations  of  the  larynx  and  trachea.— The  larynx  and 
trachea  are  liable  to  inflammations  of  very  varying  forms  and  degrees 
of  intensity. 

1.  Diphtheria. — This  disease  depends  on  the  action  of  a  specific 
microbe,  the  bacillus  of  diphtheria. 

Bacillus  of  Diphtheria,  Klebs-Loeffler  bacillus.— This  bacillus  is 
of  great  importance  in  view  of  the  fulness  of  our  knowledge  regarding 
it,  of  Its  practical  consequence  as  the  causative  agent  in  a  widely  spread 
disease,  and  of  the  recently  devised  methods  of  treatment  by  blood 
serum. 

The  bacillus  varies  somewhat  in  size.  It  is  usually  about  the  same 
length  as  the  tubercle  bacillus,  but  broader.  The  most  common  form  is 
that  of  a  straight  or  slightly  curved  rod  a  little  thicker  at  one  end  than 
the  other.    In  some  forms  there  is  clubbing  of  the  ends  of  the  rods ;  in 
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Others  the  ends  are  tapered  off.  (Fig.  505.)  The  baciUus  is  stained  by 
watery  solutions  of  the  ordinary  aniline  dyes,  but  especially  by  Loeffler's 
methylene-blue.  The  irregular  disposition  of  the  protoplasm  in  stained 
preparations  is  a  striking  and  constant  feature,  conferring  a  beaded  or 

streaked  appearance  which  is  very  char- 
acteristic. The  bacillus  is  not  motile. 
It  grows  I'eadily  on  ordinary  culture 
media,  but  especially  on  blood  serum,  or 
>^  •  ,    V  glycerin  agar.    It  also  grows  in  milk 

!>    '  ^^^^c^n/^"''-  sterilized  urine.    A  temperature 

J     ^  '^.^       between  20°  and  42°  C.  is  required. 

*^     -'^     *  ^         The  organism  is  found  in  the  exudation 
>^"i->i{,^  ^V*"  ^^s®^  diphtheria,  and  it  can 

'^^f:-"'  ■  ^  be  so  readily  cultivated  and  recognized 

Fig.  505.-BaciUi  of  diphtiieria.  ^hat  its  presence  is  used  for  diagnostic 

V^..ous  fc^s  are  shown,     x  about    ^^^^^^^^^  ^.^^^^  ^^^^  ^^^^^^ 

about  the  parts  after  the  attack  is  over,  thus  constituting  a  pro- 
longed danger  of  infection.  It  is  associated  in  some  cases  with  the 
Streptococcus  and  Staphylococcus  pyogenes  so  as  to  produce  a 
Mixed  infection.  Such  cases  are  peculiarly  frequent  in  young 
children  and  are  very  severe,  the  disease  tending  to  spread  down- 
wards to  the  lungs  (Roux  and  Yersin).  In  scarlet  fever  the  throat 
condition,  which  resembles  that  in  diphtheria,  is  due  to  the  strepto- 
coccus alone.  The  bacillus  is  pathogenic  in  many  animals,  especially 
guinea-pigs,  sheep,  goats,  dogs,  and  many  others.  Horses  are 
somewhat  tolerant  of  the  cultures.  Inoculation  m  the  trachea, 
vagina,  etc.,  of  guinea-pigs  produces  local  phenomena  similar  to  those 
observed  in  man.  There  are  also  the  general  toxnc  symptoms, 
and  in  prolonged  cases  the  paralyses  such  as  are  met  with  in 

patients.  .  , 

The  bacillus  frequently  extends  to  the  lungs,  especially  m  cases 
where  the  larynx  and  trachea  are  involved.    In  the  lungs  it  produces 
an  acute  inflammation  or  broncho-pneumonia.    On  the  other  hand 
it  may  be  associated  in  the  lungs  with  pyogenic  cocci  in  a  mixed 
infection,  or  the  latter  may  alone  be  the  cause  ot  the  pneumonia 
The   bacillus  is  englobed  by   the  epithelial   cells  of  alveoh 
and  not  by  the  leucocytes,  although  the  latter  form  the  chi  f  ccni- 
stituents  of  the   exudate.     The   bacilli   have  been   found  m  the 
spleen   b^^^^^  marrow,  and  blood  as  well  as  in  the  lungs,  the  last 
mentioned  being  their  place  of  entrance.  „^^ini.h-ation 
Immunity  is  producible  in  animals  by  the  graduated  admimstia  ion 
of  ZZll  doL  of  the  cultures  or  of  the  toxin  free  from  the  microbes. 
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The  cultures  themselves  may  be  used  in  the  horse,  which  is  less 
susceptible  than  some  other  animals.  The  blood  serum  of  immunized 
animals  is  effective  in  protecting  susceptible  animals  by  means  of  the 
antitoxin  which  it  contains.  The  serum  is  tested  on  susceptible 
animals,  as  the  guinea-pig  and  rabbit,  so  as  to  determine  the  degree  of 
its  efficiency. 


Fig.  500.— Uipbtlieriii  of  laiyux  aud  trachea  with  extension  to  the  bronchi. 

The  mouth  and  pharynx  of  healthy  persons  not  infrequently  contain 
a  bacillus  which  resembles  that  of  diphtheria  but  is  not  virulent.  This 
is  only  one  of  the  many  forms  of  the  Pseudo-diphtheria  bacillus. 

As  we  have  seen  above,  the  local  action  of  the  microbe  is  not  limited 
to  the  larynx  and  trachea,  but  usually  affects  also  the  fauces  and 
frequently  the  naso-pharynx.  It  very  often  extends  downwards  into 
the  bronchi  (Fig.  506).  Besides  its  local  action  the  toxin  absorbed  into 
the  blood  produces  the  serious  effects  already  referred  to,  especially  on 
the  peripheral  nerves  (see  p.  693). 
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The  local  action  consists  in  a  violent  inflammation  of  the  mucous 
membrane,  the  results  of  which  differ  somewhat  in  the  fauces  on  the 
one  hand  and  the  air  passages  on  the  other.  The  conditions  in 
the  former  situation  are  described  further  on  under  the  diseases  of  the 


Fig.  507.— The  larynx  iu  diphtheria.    X  ■'iO. 

Alimentary  canal.  In  the  larynx  and  trachea  as  in  the  fauces  a  catan-h 
is  the  first  sign  of  inflammation.  The  mucous  membrane  is  hypersemic 
and  there  is  increased  mucous  secretion.  This  is  succeeded  by  the  for- 
mation of  a  fibrinous  exudation  which  covers  the  mucous  membrane 
with  a  whitish  false  membrane  (Fig.  507).  The  false  membrane  con- 
sists of  fibrine  and  leucocytes.    The  mucous  membrane  at  the  same 
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time  shows  evidence  microscopically,  of  the  most  intense  inflammation. 
The  vessels  are  dilated  and  the  tissue  is  permeated  with  leucocytes  in 
immense  numbers.  As  already  mentioned,  the  bacillus  is  found  in  the 
false  membrane,  usually  in  association  with  other  microbes.  It  is 
readily  separated  by  cultivation. 

Croup  is  a  name  generally  given  to  membranous  sore  throats  in  which  the 
exudation  is  mainly  or  entirely  in  the  larynx  and  trachea.  The  name  was  first 
applied  before  the  eminently  contagious  diphtheria  was  distingmshed,  and  it  was 
commonly  understood  to  designate  a  peculiarly  violent  inflammation  of  the  air 
passages.  There  seems  to  be  no  doubt  that,  nowadays  at  least,  the  great  majority 
of  casls  of  croup  are  really  cases  of  diphtheria  in  which  the  disease  is  mainly  or 
entirely  in  the  larynx  and  trachea.  The  name  is  also  given  to  throat  affections  in 
general,  in  which  respiration  is  accompanied  by  a  crowing  sound,  this  being  indeed 
the  original  meaning  of  the  term  Croup,  which  is  a  Scottish  word  signifying  the 
sound  made  in  such  cases. 

We  have  seen  that  in  the  larynx  diphtheria  produces  an  inflammation  in  which, 
after  the  shedding  of  the  epithelium,  a  fibrinous  exudation  occurs.  It  is  asserted  by 
some  that  the  diphtheritic  poison  is  the  only  agent  capable  of  producing  this  form 
of  inflammation.  Looking  at  the  matter  from  a  purely  pathological  point  of  view 
apart  from  clinical  experience,  it  certainly  seems  possible  that  other  irritants  may 
produce  similar  results.  Croup  has  been  produced  artificially  in  rabbits  by  the 
injection  of  ammonia  into  the  trachea  (Weigert),  and  in  cases  of  poisoning  by 
gaseous  ammonia  a  definite  membrane  has  been  found  lining  the  trachea  and 
bronchi  (Monro  and  Workman).  In  these  cases  the  irritant  first  kills  the  epithelium, 
and  then  fibrine  is  deposited.  If  croup  occurs  in  man  apart  from  diphtheria,  the 
irritant  must  be  strong  enough  to  destroy  the  surface  epithelium.  Apart  from  the 
action  of  microbes,  such  an  irritant  must  be  of  rare  occurrence.  We  shall  see  after- 
wards that  in  rare  cases  we  meet  with  a  bronchial  croup  where  there  can  be  no 
question  of  diphtheria,  and  so  we  may  have  laryngeal  and  tracheal  croup  of  a 
simple  inflammatory  kind.  In  such  cases  there  will  be  no  signs  of  general  disease, 
but  all  the  symptoms  will  be  referable  to  the  local  inflammation  and  obstruction  of 
the  larynx.  It  should  be  added  that  laryngeal  croup  has  been  met  with  in  small- 
pox, measles,  pyfemia,  etc.,  and  in  that  case  it  is  to  be  ascribed  to  the  action  of 
specific  morbid  poisons  as  in  diphtheria. 

2.  Acute  catarrh  of  the  larynx  and  trachea. — We  have  seen  that 
Acute  catarrh  forms  the  first  stage  in  diphtheria ;  it  is  the  result  of 
the  action  of  the  specific  poison.  Similarly  we  have  acute  catarrh 
in  measles  and  small-pox,  with  a  specific  eruption  similar  to  that 
in  the  skin  along  with  the  acute  catarrh,  which  may,  in  exceptional 
cases,  go  on  to  the  formation  of  a  fibrinous  exudation  as  in  diphtheria. 
In  typhoid  fever  we  may  also  have  acute  catarrh,  which,  according  to 
Eppinger  is  of  similar  significance  to  the  affection  of  the  intestine, 
being  due  to  the  specific  agent.  Catarrh  occurs  also  as  an  independent 
affection,  just  as  nasal  catarrh  does,  and  in  this  case,  although  usually 
slight,  it  may  assume  a  very  severe  character.  Lastly,  a  catarrh  may 
be  set  up  by  the  inhalation  of  irritating  chemical  fumes. 
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There  is,  as  in  other  inflammations,  hyperaemia  and  exudation.  The 
mucous  membrane  is  red  as  seen  during  life,  but  on  post-mortem 
examination  the  redness  has  usually  disappeared  entirely,  the  vessels 
being  emptied  by  the  shrinking  of  the  tissue.  The  exudation  is 
originally  mucous  in  character,  and  is  not  generally  very  abundant. 
After  a  time,  as  in  the  case  of  nasal  catarrh,  it  usually  assumes  a  more 
purulent  character.  The  swelling  of  the  mucous  membrane  is  not 
usually  great,  and  there  is  not  commonly  any  serious  obstruction.  On 
the  other  hand,  in  children  a  slight  catarrh  may  bring  on  a  sudden 
suffocative  attack  due  to  spasm  of  the  muscles  of  the  glottis  {vide  ante). 
As  an  unusual  complication  of  acute  laryngitis  may  be  mentioned 
ffidema  glottidis,  the  condition  next  to  be  described. 

GIdema  glottidis. — This  name  is  applied  to  a  comparatively  sudden 
(edematous  swelling,  causing  often  a  serious  or  even  fatal  obstruction  of 
the  larynx.  The  oedema  is  in  most  cases  an  inflammatory  exudation, 
but  it  occurs  in  Bright's  disease  as  part  of  a  general  oedema.  It  may 
be  part  of  a  simple  inflammation  of  the  larynx,  or  may  be  connected 
with  diphtheria,  or  the  pustular  inflammation  of  small-pox,  or  syphilis, 
or  tuberculosis ;  or  the  inflammation  may  be  propagated  from  the 
pharynx  and  fauces,  or  from  the  inflamed  perichondrium.  The  condi- 
tion is  not  an  oedema  of  the  mucous  membrane  itself ;  that  would 
produce  a  very  moderate  swelling;  but  it  is  an  inflammation  and  oedema 
extending  to  the  submucous  tissue.  In  most  parts  of  the  larynx  there 
is  little  or  no  submucous  tissue,  the  mucous  membrane  being  bound 
down  to  the  perichondrium.  There  are  some  parts,  however,  where  the 
tissue  is  looser,  chiefly  the  base  of  the  epiglottis,  and  to  a  less  extent, 
the  whole  epiglottis,  the  ventricular  bands,  and,  most  of  all,  the  ary- 
epiglottic  folds.  The  epiglottis  is  swollen,  especially  at  its  base ;  the 
ary-epiglottic  folds  are  usually  much  tumefied,  appearing  as  rounded 
tumours  projecting  backwards  from  the  base  of  the  epiglottis.  These 
rounded  swellings  form  indeed  the  most  prominent  appearances.  The 
ligaments  passing  from  the  epiglottis  to  the  tongue  are  also  sometimes 
swollen.  Examined  from  above  the  tumefied  ary-epiglottic  folds  con- 
ceal the  parts  beneath,  but  on  laying  open  the  larynx  after  death  it  is 
found  that  the  ventricular  bands  (false  cords)  are  tumefied,  although 
the  true  cords  are  usually  very  little  affected.  The  redema  may  aftect 
the  submucous  tissue  in  the  trachea  for  some  distance  below  the  glottis. 
If  the  swollen  parts  be  cut  into,  a  fluid  exudes  which  is  usually  sero- 
purulent  and  sometimes  almost  purulent. 

3.  Chronic  catarrh.— This  is  a  common  result  of  repeated  attacks  of 
acute  catarrh,  but  may  occur  spontaneously.  It  is  chiefly  characterized, 
like  other  chronic  inflammations,  by  new-formation  of  tissue;  the  mucous 
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membrane  is  thickened,  and  its  surface  is  irregular.  The  increase  is 
mainly  of  connective  tissue  which,  having  the  usual  characters  of  that 
resulting  from  inflammation,  gives  rigidity  to  the  parts.  The  movable 
structures  of  the  larynx  are  thus  rendered  more  or  less  stiff,  and  hoarse- 
ness is  the  result.  Not  infrequently  flat  superficial  ulcers  or  erosions- 
form,  and  these  have  their  seats  most  commonly  at  the  posterior  com- 
missure. The  racemose  glands  of  the  larynx  may  undergo  special 
enlargement  so  as  to  appear  as  rounded  prominences.  They  sometimes 
ulcerate,  and  so  give  rise  to  small  crater-shaped  ulcers,  which  are  chiefly 
to  be  seen  on  the  ejDiglottis  and  ary-epiglottic  ligaments.  The  thick- 
ening and  contraction  of  the  connective  tissue  are  sometimes  so  great 
as  to  produce  very  great  Stenosis  of  the  larynx,  so  that  tracheotomy  is 
needed  to  permit  of  respiration.  Sometimes  mucous  polypi  form  on  the 
surface,  and  add  to  the  irregularity. 

4.  Subglottic  inflammation. — This  disease,  which  is  not  of  very 
frequent  occurrence,  is  an  inflammation  of  the  mucous  membrane  beneath 
the  glottis.  It  may  be  acute  at  its  onset,  but  it  generally  passes  into  a 
chronic  stage.  It  has  been  observed  as  a  sequel  to  erysipelas  and  typhus 
fever,  and  may  take  origin  apparently  in  inflammation  of  the  peri- 
chondrium. In  acute  cases  there  may  be  considerable  oedematous 
swelling.  In  the  chronic  form  there  is  thickening  of  the  mucous 
membrane  as  in  ordinary  chronic  laryngitis.  The  inflammation  is  often 
just  beneath  the  cords,  and  so  may  produce  fixation  of  them,  but  it 
may  occur  further  down,  and  is  not  infrequently  in  patches  interrupted 
by  normal  mucous  membrane. 

5.  Inflammation  of  the  perichondrium.  Perichondritis. — Thi» 
disease  is  rarely  a  primarj'  one,  being  induced  chiefly  by  syphilitic  and 
tubercular  inflammations,  especially  when  there  is  deep  ulceration 
extending  down  to  the  perichondrium.  It  occurs  occasionally  as  a 
sequel  of  typhoid  and  also  probably  of  typhus  fever.  It  has  usually  a 
somewhat  chronic  course,  but  may  be  acute,  and  in  either  case  it  ends 
in  the  formation  of  pus  under  the  perichondrium.  The  pus,  accumu- 
lating under  the  perichondrium,  cuts  off'  the  cartilage  from  its  source  of 
nutrition,  and,  just  as  in  periostitis,  this  is  usually  followed  by  necrosis 
of  the  cartilage.  The  destruction  of  the  cartilage  may  be  a  slow  process, 
and  there  may  be  a  kind  of  caries  followed  by  necrosis.  This  disease  is 
generally  confined  to  one  cartilage  at  the  outset,  the  cricoid  being  most 
frequently  attacked,  but  it  may  extend  to  others.  When  suppuration 
has  occurred  the  inflammation  spreads  to  structures  around,  and  we 
may  have  burrowing  of  the  pus  under  the  mucous  membrane  for 
some  distance,  or  even  outside  the  larynx  among  the  structures  of 
the  neck. 
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The  necrosed  cartilage  is,  by  degrees,  separated  from  the  living.  It 
is  usually  discharged  into  the  larynx,  but  the  pus  sometimes  forms  an 
external  opening  through  which  the  cartilage  may  pass.  There  is 
usually  great  deformity  of  the  larynx,  which  may  be  partly  due  to  the 
primary  disease  and  partly  to  the  collapse  resulting  from  loss  of  the 
cartilage.  When  the  cartilage  is  discharged  it  is  generally  found 
calcified  or  ossified,  and  it  is  a  question  how  far  the  calcification 
precedes  the  inflammation.  Dietrich  has  suggested  that,  in  the  case  of 
the  cricoid  cartilage,  ossification  may  sometimes  be  the  primary  con- 
dition, and  that  the  inflammation  may  be  induced  by  the  pressure  of 
the  hardened  cartilage  against  the  vertebral  column. 

IV.  Syphilis  and  Tuberculosis  of  larynx  and  trachea. — 1.  Syphilis. 
— In  the  secondary  period  of  syphilis  the  larynx  is  frequently  the  seat 
of  catarrhs  which  are  to  be  classified  along  with  the  various  inflam- 
mations of  that  stage.  There  may  be  in  this  period  slight  erosions  of 
the  surface,  but  no  proper  ulceration. 

In  tertiary  syphilis  the  larynx  is  occasionally  attacked,  and  we  have 
here,  as  in  other  situations,  irregular  infiltrations  of  granulation 
tissue,  gummatous  new-formations,  ulcerations,  etc.    (See  Fig.  508.) 

The  lesions  may  be  at  first  comparatively  superficial,  consisting  of 
thickenings  and  elevations  of  the  mucous  membrane  so  as  to  form 
irregular  papillary  projections  (Condyloviaia),  which  sometimes  imitate 
in  appearance  epithelioma  of  the  larynx. 

Much  more  characteristic,  however,  are  deep  infiltrations  and  ulcera- 
tions. The  mucous  membrane  and  submucous  tissue  are  infiltrated  and 
thickened,  ulcers  develop,  first  as  a  general  rule  in  the  epiglottis,  but 
they  are  prone  to  extend  deeply  and  widely  so  as  to  destroy  large 
portions  of  the  epiglottis  or  the  whole  of  it.  We  have  already  seen 
that  the  ulceration  may  lead  to  perichondritis  and  necrosis  of  the 
cartilage  with  still  wider  results.  With  all  this  there  is  great  new- 
formation  of  connective  tissue  with  corresponding  deformity,  and,  if 
the  ulcers  heal,  the  contraction  of  the  cicatricial  tissue  leads  to  gi'eat 
deformity  and  not  infrequently  to  such  obstruction  of  the  glottis  as  to 
require  tracheotomy. 

Congenital  syphilis  sometimes  manifests  itself  in  the  larynx.  It 
may  be  in  the  form  of  a  superficial  catarrh,  sometimes  accompanied  by 
cedema  glottidis,  or  there  may  be  a  superficial  infiltration  of  the  mucous 
membrane.  It  is  rare  to  have  a  deep  infiltration  and  ulceration  such  as 
is  common  in  ordinary  syphilis. 

2.  Tuberculosis.  Laryngeal  and  Tracheal  phthisis.— Tuberculosis 
of  the  larynx  is  usually  secondary  to  pulmonary  phthisis,  the  mucous 
membrane  being  infected  by  the  sputum  from  the  lungs;  it  occurs  m 
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about  30  per  cent,  of  the  cases  of  tuberculosis  of  the  lung.  It  is  occa- 
sionally primary.  Even  when  the  laryngeal  tuberculosis  is  secondary 
to  that  of  the  lung,  it  may  seriously  aggravate  the  latter  by  the 
infective  material  from  the  ulcerated  surfaces  being  carried  into  the 
lung  by  insufflation. 


Fig.  508.— SyiJhilis  of  trachea  and  brouchi. 

The  author  has  recorded  a  case  of  primary  tuberculosis  of  the  larynx.  On  the 
other  hand,  from  observation  in  several  cases  he  is  induced  to  believe  that,  not 
infrequently,  a  shght  pulmonary  tuberculosis  produces  an  infection  of  the  larynx, 
and  that  the  latter  may  advance  while  the  former  retrogrades.  The  laryngeal 
phthisis  may  thus  slowly  go  on  to  ulceration  while  the  pulmonary  affection  heals. 
Subsequently  the  lung  may  become  re-infected  from  the  larynx.  This  is  the 
explanation  of  the  fact  that  in  cases  of  ulcerated  laryngeal  tuberculosis,  there  is 
often  a  very  rapid  and  extensive  tuberculosis  of  the  lung,  which  presents  the 
features  of  an  almost  simultaneous  infection. 

In  cases  of  phthisis  pulmonalis  the  mucous  membrane  of  the  larynx 
IS  frequently  pale  from  antemia,  but  this  may  be  nothing  more  than  a 
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manifestation  of  a  general  anferaia  secondary  to  the  wasting  disease  of 
the  lungs.  The  first  result  of  the  actual  tubercular  disease  is  inflam- 
matory thickening  of  the  mucous  membrane.  There  is  at  first  chiefly 
an  exudation  of  serous  fluid  and  cellular  infiltration  so  that  it  is  mainly 
an  cedematous  thickening.  It  is  most  marked  in  the  epiglottis  and 
ary-epiglottic  folds,  these  latter  often  showing  themselves  as  rounded 
prominences  (see  Fig.  509).    In  this  stage  microscopic  examination 


Fig.  509.— Tuberculosis  of  the  epiglottis  and  ary-epiglottic  folds.    The  pharynx  is 
also  involved. 

shows  the  presence  of  tubercles  with  their  characteristic  structure, 
along  with  the  cellular  condition  of  the  inflamed  tissue.  The  tubercles 
are  in  the  mucous  membrane  and  the  submucous  tissue,  the  epithelium 
being  as  yet  intact. 

To  the  thickening  succeeds  ulceration,  the  ulcers  being  at  first  small 
and  superficial.  These  ulcers  result  from  the  caseation  and  softening 
of  superficial  tubercles.  By  coalescence  larger  ulcers  form  out  of  the 
smaller  ones,  and  there  is  a  continual  tendency  to  spreading.  As  a 
rule  there  are  many  ulcers,  and  between  them  is  thickened  mucous 
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membrane,  which  at  the  borders  of  the  ulcers  sometimes  presents 
irregular  projections  like  papillary  outgrowths.  The  ulcers  are  at 
first  superficial,  but  as  the  disease  progresses  considerable  destruction 
of  tissue  may  result.  The  vocal  cords  are  not  infrequently  destroyed, 
and  so  there  is  loss  of  voice,  but  the  voice  may  be  lost  from  the  rigidity 
of  the  structures  caused  by  thickening  from  chronic  inflammation. 
Again,  perichondritis  not  infrequently  follows,  with  suppuration,  and 
this  causes  still  further  inflammatory  manifestations. 

Ulceration  not  uncommonly  exists  in  the  trachea  and  bronchi  as  well 
as  in  the  larynx.  There  are  many  ulcers,  and  it  is  not  uncommon  to 
find  the  cartilaginous  rings  of  the  trachea  extensively  exposed.  AVith 
these  ulcerations  of  the  trachea  there  is  swelling  of  the  mucous  mem- 
brane around  and  sometimes  a  perichondritis  with  necrosis. 

The  lymphatic  glands  in  the  neck  are  afi"ected  secondarily  to  the 
larynx;  they  are  the  seat  of  tuberculosis  as  already  described,  and 
their  enlargement  may,  in  some  cases,  aid  in  the  exact  diagnosis  of 
the  disease  in  the  larynx. 

Leprosy  produces  in  the  larynx  thickenings  and  ulcerations  similar 
to  those  of  the  skin  (see  Fig.  77,  p.  207). 

Glanders  also  attacks  the  larynx,  producing  the  lesions  already 
described. 

Rhinoscleroma  not  infrequently  affects  the  larynx  (see  p.  817). 

V.  Tumours  of  larynx  and  trachea. — The  most  frecpent  form  of 
tumour  of  the  larynx  is  the  Papilloma.  This  tumour  is  often  preceded 
by  catarrhal  conditions,  and  is  particularly  common  in  persons  who, 
from  the  nature  of  their  profession,  use  the  voice  frequently.  But 
it  often  occurs  without  either  of  these  predisposing  conditions.  The 
tumours  most  frequently  grow  from  the  vocal  cords,  where  the 
epithelium  is  flat.  They  consist,  like  other  papillomas,  of  a  basis  of 
connective  tissue  forming  numerous  conical  projections  covered  with 
epithelium  (see  Fig.  510).  The  epithelium  may  be  thick,  and  the 
connective  tissue  dense,  so  that  the  tumour  is  like  a  hard  wart ;  or  the 
epithelium  may  be  thin  and  the  connective  tissue  soft,  so  that  the 
growth  is  soft  like  a  soft  wart  or  condyloma.  The  growth  may  occupy 
a  small  surface  of  the  cord,  being  partially  pedunculated,  but  it  often 
has  a  considerable  base,  forming  a  shaggy,  irregular  outgrowth. 

A  kind  of  false  papilloma  occurs,  as  we  have  already  seen,  in  some 
cases  of  tubercular  or  syphilitic  ulceration  of  the  larynx.  Sometimes, 
also,  the  surface  of  an  epithelioma  has  a  papillary  character. 

Next  to  the  papillomas  the  Fibromas  are  the  commonest  tumours 
in  the  larynx.  Morell  Mackenzie  found  in  one  hundred  cases  of  non- 
mahgnant  tumours,  sixty-seven  papillomas  and  sixteen  fibromas.  They 
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are  tumours  of  slow  growth,  mostly  seated  on  the  cords  or  at  the  base 
of  the  epiglottis.  They  consist  of  firm  or  soft  connective  tissue,  those 
of  firm  consistence  being  the  commoner.  They  are  usually  more  or 
less  pedunculated,  and  their  surface  is  generally  smooth,  although  it 
may  be  irregular  or  even  furnished  with  papilte.  They  are  usually 
small  tumours  from  the  size  of  a  split  pea  to  that  of  an  acorn. 


Fiff  510.— PapiUoma  o£  larynx,  e,  e,  greatly  thickened  epithelium ;  7i,  connective 
tissue  ;  g,  mucous  glands ;  /,  a  gland  at  base  of  tumour  atrophied  by  its  pressure. 
X  20.    (CoBNiL  and  Ranvieb.) 

Mucous  polypi  occasionally  occur,  but  are  much  less  frequent  than 
in  the  nares.  They  very  commonly  undergo  transformation  into  cysts, 
and  their  most  frequent  seats  are  the  epiglottis  and  the  ventricles  of 
Morgagni. 

Other  forms  of  simple  tumours  are  uncommon,  but  cases  of  Lipoma, 
Myxoma,  and  Angioma  have  been  recorded.  Cartilaginous  tumours 
formed  by  outgrowth  from  the  normal  cartilages  have  been  found. 
They  are  usually  multiple  and  sessile.  They  may  project  considerably 
into  the  larynx,  and,  being  covered  with  mucous  membrane,  may  be 
mistaken  for  one  of  the  commoner  tumours  mentioned  above. 

Sarcomas  of  the  larynx  are  of  occasional  occurrence.  They  are 
usually  of  the  spindle-celled  form,  but  may  be  round-celled.  They 
may  grow  to  a  considerable  size,  and  are,  of  course,  prone  to  recur 
unless^ the  whole  larynx  be  removed  along  with  the  tumour. 

Cancer  of  the  larynx  occurs  chiefly  in  the  form  of  flat-celled 
Epithelioma,  growing  usually  from  the  ventricular  bands,  but  also 
originating  in  other  parts.  There  is  first  a  limited  infiltration  which 
extends  in  area,  and  gradually  advances,  involving  the  parts  mdis- 
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criminately.  Very  commonly  there  is  an  abundant  papillary  growth 
on  the  surface  so  that  there  is  a  resemblance  to  the  cauliflower  cancer 
or  to  the  papilloma.  The  central  parts  of  the  growth  undergo  ulcera- 
tion while  the  disease  is  extending  at  the  periphery.  In  this  way 
great  destruction  of  tissue  may  result,  and  the  parts  present  great 
deformity.  An  epithelioma  may  also  extend  from  a  neighbouring 
part,  particularly  from  the  tongue. 

Tumours  are  of  very  rare  occurrence  in  the  trachea. 

Foreign  bodies  and  parasites  are  very  uncommon  in  the  larynx; 
they  give  rise  to  violent  expulsive  efforts  by  coughing.  Various 
articles  may  pass  into  the  larynx,  especially  in  children,  such  as 
buttons,  peas,  pieces  of  food,  etc.  Eound  worms  have  been  known  to 
lodge  there.  If  a  foreign  body  lodges  in  one  of  the  pouches  of  the 
larynx  it  will  excite  inflammation. 

Literature. — Very  full  account  by  Eppingee,  in  Klebs'  Handb.  d.  path.  Anat., 
Part  vii.,  1880  (also  literature) ;  Ziemssen,  Handbuch,  iv. ;  Moeell  Mackenzie,  Dis. 
of  throat  and  nose,  i.,  1880 ;  Lennox  Bbowne,  Throat  audits  diseases,  latest  edition. 
Diphtheria — Home,  On  Croup,  1765 ;  Bbetonneau,  Des  inflam.  du  tis.  muqueux, 
1826;  ViKCHOvv,  Virch.  Arch.,  i.  ;  Bartels,  D.  Arch.  f.  klin.  Med.,  ii.,  1867; 
EiNDFLEiscH,  Path.  hist.  (Syd.  Soc),  1872,  i. ;  Wagneh,  Arch.  d.  Heilk.,  vii.  and 
viii.  ;  Weigert,  Virch.  Arch.,  Ixx.,  Ixxii.,  Ixxix. ;  Trousseau,  Clin.  Med.  (Syd. 
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C. — The  Bronchial  Tubes. 

Introduction.— In  order  to  appreciate  the  changes  which  occur  in 
affections  of  the  bronchi,  it  is  necessary  to  refer  to  some  points  in  the 
structure  of  the  tubes.  The  mucous  membrane  is  covered  with  epithe- 
lium the  superficial  layer  of  which  is  cylindrical  and  ciliated.  Beneath 
the  epithelium  there  is  a  basement  membrane  consisting  of  a  brans- 
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lucent  homogeneous  substance  which  has  few  nuclei  and  is  believed  by 
some  to  be  traversed  by  infrequent  channels  or  canaliculi.  Beneath 
the  basement  membrane  there  is  the  mucosa,  consisting  of  a  highly 
vascular  connective  tissue,  with  bands  of  elastic  fibres.  In  the 
superficial  parts  of  the  mucosa  are  also  found  little  masses  of  lym- 
phoid tissue  not  having  the  defined  form  of  the  closed  follicles  of 
the  intestine,  but  similar  in  structure  though  much  smaller.  In  the 
deeper  parts  of  the  mucosa  there  is  a  layer  of  smooth  muscle,  the 
muscularis  mucoste,  consisting  chiefly  of  circular  fibres,  but  with 
some  longitudinal  ones.  Outside  this  we  have  the  sub-mucosa  or 
adventitia,  containing  the  mucous  glands  whose  ducts  penetrate  the 
mucosa  and  open  on  the  surface  by  trumpet-shaped  orifices.  The  sub- 
mucosa  is  continuous  with,  and  really  forms  a  part  of,  the  general 
interstitial  connective  tissue  of  the  lung.  In  this  loose  adventitia  the 
cartilages  are  embedded,  and  there  are  abundant  serous  and  Ij^mphatic 
spaces  which  are  in  communication  with  those  throughout  the  lung,  the 
perivascular  lymphatics  and  others. 

The  diseases  of  the  bronchi  stand  in  close  relation  on  the  one  hand 
to  those  of  the  larynx  and  trachea,  and  on  the  other  to  those  of  the 
lungs,  and  it  is  impossible  to  draw  an  absolute  line  of  distinction  on 
either  side.  The  affections  of  the  larger  and  middle  bronchi  are 
essentially  like  those  of  the  larynx  and  trachea,  and  this  is  consistent 
with  the  fact  that  in  structure  these  parts  are  similar.  As  we  pass 
down  the  bronchial  tree,  however,  the  structure  changes  considerably. 
The  cartilaginous  plates  become  irregular  and  smaller,  and  finally 
disappear ;  the  elastic  tissue  becomes  more  completely  incorporated 
with  the  mucous  membrane,  so  as  to  form  a  single  layer  which  becomes 
thinner  as  the  tube  diminishes  in  calibre ;  the  bronchial  glands 
■altogether  disappear  in  the  finer  tubes.  The  bronchial  tube  thus 
becomes  more  simple  in  structure,  and  approximates  to  that  of  the 
lung  alveoli.  So  it  happens  that  in  their  diseases  the  finer  bronchi  are 
more  allied  to  the  lung  parenchyma,  and  are  often  involved  with  it. 
We  shall  afterwards  see  that  in  acute  catarrhal  inflammation  of  the 
lungs  the  disease  often  begins  in  a  capillary  bronchitis,  and  is  some- 
times described  under  that  name. 

I.  Inflammation  of  the  Bronchi.  Bronchitis.— Various  forms  are 
•distinguishable.  This  is  an  inflammation  of  the  larger  and  middle- 
sized  tubes,  but  not  involving  to  any  considerable  degree  the  finer 
■ones.  In  the  slighter  forms  of  bronchitis  the  larger  bronchi  and  the 
trachea  are  mainly  aff"ectcd.  In  fact,  it  frequently  happens  that  along 
with  a  slight  laryngitis  there  is  a  tracheitis  and  a  bronchitis  of  the 
larger  stems.    In  the  more  definite  cases  of  bronchial  catarrh  it  is  the 
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middle-sized  tubes  that  are  chiefly  involved.  As  already  noted,  capil- 
lary bronchitis  associates  itself  with  inflammation  of  the  parenchyma 
of  the  lung,  and  will  be  considered  in  that  section. 

1.  Bronchial  Catarrh.  Ordinary  Bronchitis.  Causation.— The 
bronchial  mucous  membrane  exposed  to  the  inspired  air  presents 
varying  degrees  of  sensitiveness  to  variations  in  temperature  and 
otherwise.  Much  that  has  been  said  under  nasal  catarrh  is  again 
applicable  here.  It  is  to  be  added,  however,  that  in  many  persons 
there  is  a  special  proclivity  to  recurrent  attacks  of  bronchitis.  This 
may  be  due  to  an  inherited  weakness,  but  is  perhaps  more  frequently 
occasioned  by  an  acute  bronchitis  which  has  left  the  bronchi  consider- 
ably altered  in  structure,  has  rendered  them,  in  fact,  the  least  resistant 
part  of  the  body.  In  such  persons  bronchitis  may  be  set  up  by  cold, 
by  disorder  of  the  stomach,  or  by  some  other  trivial  cause.  Valvular 
disease  of  the  heart  frequently  predisposes  to  bronchitis  by  causing  a 
permanent  passive  hypersemia  of  the  mucous  membrane. 

Bronchitis  mostly  occurs  as  recurrent  attacks  of  acute  inflammation, 
whilst  between  the  attacks  the  inflammation  has  a  more  chronic  char- 
acter. Hence  in  many  instances  the  lesions  of  acute  and  chronic 
inflammation  are  more  or  less  conjoined. 

(a)  Acute  Bronchitis. — The  first  phenomenon  here  is  active  con- 
gestion of  the  highly  vascular  mucosa  with  swelling  both  from 
dilatation  of  the  vessels  and  from  exudation.  The  epithelium  under- 
goes desquamation,  but  there  is  at  the  same  time  proliferation  in  the 
deeper  layers.  There  is,  in  addition,  exudation  of  leucocytes  from 
the  vessels  of  the  mucosa,  and  the  latter  is  infiltrated  with  round  cells 
Csee  Fig.  511).  The  mucous  glands  are  much  afi"ected.  Their  interstitial 
tissue  is  infiltrated  with  round  cells,  so  that  the  gland  tissue  is  somewhat 
obscured  in  sections,  and  at  the  same  time  the  glandular  epithelium 
shows  proliferation  and  mucus  is  abundantly  secreted.  It  will  be 
observed  that  the  exudation,  so  far  as  the  mucosa  is  concerned,  must 
occur  beneath  the  basement  membrane,  and  no  doubt  this  structure 
somewhat  interferes  with  the  passage  of  fluid  and  leucocytes  to  the 
surface.  But  Hamilton  is  probably  in  error  in  regarding  it  as  forming 
an  almost  complete  barrier.  There  are  channels,  as  noted  above, 
through  the  basement  membrane.  By  these  and  by  the  mucous  glands 
the  exudation  reaches  the  surface  of  the  tube. 

The  Exudation  in  bronchitis  is  important  as  it  forms  the  Sputum, 
and  gives  its  characters  to  the  latter.  In  the  normal  condition  the 
mucous  glands  secrete  enough  mucus  to  keep  the  membrane  moist,  the 
secretion  consisting  of  a  glairy  fluid  containing  a  few  leucocytes  which 
are  here  called  mucous  corpuscles.    The  fluid  owes  its  glairy  or  sticky 
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character  to  the  fact  that  it  contains  mucin,  a  substance  allied  to 
albumen  and  secreted  by  the  mucous  glands.  This  normal  secretion 
catches  and  holds  the  minute  particles  forming  the  dust  which  we 
inhale  with  the  air,  and  the  vibratile  cilia  ,  of  the  epithelium,  acting 
towards  the  outlets,  carry  mucus  and  dust  outwards,  to  be  swallowed 
or  expectorated.     In  bronchitis  the  secretion,  variously  altered,  is 


■u. 


Fig.  Oil.— Section  of  an  inflamed  bronchial  tube,    x  50. 

mixed  with  the  exudation  from  the  vessels.  At  first  there  is  slight 
increase  of  the  secretion,  and  it  is  chiefly  concentrated  and  tough.  As 
the  disease  progresses  it  becomes  more  abundant  but  less  tough  and 
less  transparent,  and  this  is  brought  about  by  the  increase  of  the 
inflammatory  exudation  consisting  of  serous  fluid  and  cells.  The 
degree  of  toughness  depends  on  the  proportion  of  mucin,  and  the 
degree  of  opacity  on  the  quantity  of  cells. 

The  Sputum  coctum,  or  ripe  sputum,  met  with  at  the  acme  ot  the 
disease,  is  yellowish  white  or  greenish,  and  opaque.  The  sputum  as 
seen  in  a  vessel  appears  at  first  sight  like  pus,  but  it  is  much  more 
tenacious.  Under  the  microscope  it  also  resembles  pus,  the  field  being 
crowded  with  multitudes  of  leucocytes.    But  the  tenacity  of  the  fluid  is 
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often  shown  by  the  manner  in  which  the  plastic  leucocytes  are  altered 
in  shape,  being  drawn  out  into  oval  or  more  elongated  forms  according 
as  the  tough  mucus  is  drawn  out.  On  adding  acetic  acid  the  usual 
development  of  nuclei  occurs  in  the  cells,  and  the  intermediate  fluid 
becomes  markedly  opaque  from  the  precipitation  of  the  mucin,  which 
can  be  seen  now  in  fine  granules.  With  acetic  acid  the  sputum  assumes 
to  the  naked  eye  a  whitish,  opaque,  and  almost  membranous  character. 

(6)  Chronic  Bronchitis. — We  have  here,  as  in  other  chronic  inflam- 
mations, chiefly  a  new-formation  of  connective  tissue  often  accompanied 
by  atrophy  of  the  more  active  structures.  In  many  cases  the  mucosa 
assumes  more  or  less  permanently  a  highly  cellular  character,  the  in- 
flammation not  subsiding  sufiiciently  to  allow  of  much  fibrous  develop- 
ment. The  tissue  is  like  a  highly  vascular  granulation  tissue  and, 
like  it,  exudes  abundant  pus.  In  other  cases  an  increase  of  fibrous 
tissue  occurs,  so  that  under  the  basement  membrane,  instead  of  a 
succulent  vascular  mucosa  we  have  strands  of  fibrous  tissue  containing 
elastic. fibres.  This  gives  a  greatly  altered  appearance  to  the  tube  as 
seen  in  microscopic  sections.  The  mucous  membrane  is  greatly  reduced 
in  thickness,  and  the  surface  shows  great  irregularity,  due  to  the 
var3nng  degrees  of  shrinking.  There  are  even  villus-looking  projections 
visible  in  many  cases.  The  fibrous  tissue  is  largely  in  longitudinal 
bands,  and  these,  being  hypertrophied,  are  often  visible  to  the  naked 
eye  as  elongated  ridges.  The  mucous  membrane  so  altered  is  atrophied 
and  indurated,  and  the  atroj)hy  sometimes  extends  to  other  structures. 
The  muscularis  mucosae  is  somewhat  persistent  and  may  even  undergo 
hypertrophy.  The  mucous  glands  and  even  the  cartilages  undergo 
atrophy. 

In  chronic  bronchitis  the  sputum  is  often  very  abundant,  and  may 
be  sero-mucous  with  comparatively  few  leucocytes,  but  is  liable  to  be 
intermittently  semi-purulent.  The  sputum  is  not  so  tough  as  in  more 
acute  cases,  and  is  often  very  frothy.  In  some  very  chronic  cases  there 
is  an  abundant  cellular  exudation — the  sputum  is  almost  like  pus  and 
has  not  the  toughness  of  the  sputum  coctum.  Large  quantities  of  pus 
may  thus  be  expectorated.  In  these  cases  it  may  be  supposed  that 
leucocytes  are  present  in  the  Myalls  and  outside  the  bronchj  as  well  as 
in  the  expectoration,  and  it  is  in  such  cases  that  we  may  look  especially 
for  dilatation  of  the  tubes. 

2.  Septic  Bronchitis.  Foetid  Bronchitis.— Where  highly  irritating 
decomposing  fluids  are  present  in  the  bronchi,  they  produce  acute 
inflammation  of  a  suppurative  character.  This  occurs  chiefly  under 
three  conditions.  In  the  first  place  local  obstruction  of  bronchi  a 
the  secretion  to  stagnate  and  accumulate,  and  putrid  decompositi 
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liable  to  occur.  This  is  the  mildest  form.  In  the  second  place  foreign 
bodies  lodging  in  the  bronchi  give  rise  to  abundant  secretion  of  fluid 
which"  decomposes.  This  is  more  fully  considered  at  p.  841.  Lastly, 
gangrene  of  the  lung  leads  to  it,  by  producing  putrid  juices  which  pass 
into  the  bronchi.  In  the  last  two  cases  the  whole  bronchi  of  one  lung 
are  liable  to  be  affected,  and  there  may  even  be  an  overflow  into  the 
other  lung.  There  is  also  liable  to  be  an  extension  to  the  parenchyma 
of  the  lung,  the  putrid  juices  being  insufflated. 

3.  Fibrinous  bronctiitis. — This  name,  as  well  as  that  of  Plastic  bronchitis  or 
Bronchial  croup,  is  given  to  a  condition  of  very  rare  occurrence  and  of  rather 
obscure  pathology,  but  yet  of  great  interest.  We  have  seen  that  in  laryngeal  and 
tracheal  diphtheria  the  fibrinous  exudation  sometimes  extends  down  into  the 
bronchial  tubes,  and  that  casts  of  these  are  occasionally  formed.  Taking  the  other 
end  of  the  bronchial  tree  we  find  that  in  acute  pneumonia  the  fibrinous  exudation 
which  forms  in  the  lung  alveoli  commonly  extends  some  distance  into  the  finer 
bronchi,  and  so  we  find  casts  in  them.  But  there  are  cases  in  which  fibrinous  casts 
form  in  the  bronchial  tubes  independently,  without  any  disease  of  the  trachea  on  the 
one  hand  or  of  the  lung  proper  on  the  other.  These  cases  are  somewhat  chronic  in 
character,  and  the  expectoration  of  casts  occurs  at  intervals  during  months  or  even 
years.  The  casts  are  of  a  whitish  grey  colour  and  represent  the  bronchi  of,  it  may 
be,  a  single  lobe,  with  their  ramifications.  These  can  be  seen  very  beautifully  by 
floating  them  out  in  water.  Sometimes  the  fine  ends  of  the  casts  are  swollen  out 
as  if  they  had  come  from  the  alveoli.  The  casts  sometimes  present  on  section  a 
stratified  arrangement  as  if  the  tibrine  had  been  deposited  in  layers.  They  show 
under  the  microscope  fibrine  with  leucocytes. 

The  exact  pathology  and  the  source  of  this  exudation  are  somewhat  obscure.  In 
some  cases  where  death  has  occurred  shortly  after  the  expectoration  of  the  casts,  or 
where  they  have  been  found  in  situ,  there  has  been  little  perceptible  alteration  of 
the  mucous  membrane.  This  has  led  some  to  suppose  that  the  fibrine  comes  from 
the  lung  alveoli,  and  in  many  cases  the  lung  tissue  is  considerably  altered;  there 
may  be  phthisis,  or  pneumonia,  or  collapse.  But  it  is  not  apparent  to  what  extent 
these  may  be  secondary  to  the  bronchitis.  A  possible  indication  of  the  pathology 
may  be  afforded  by  the  fact  that  in  a  considerable  proportion  of  the  cases  there  has 
been  hajmorrhage  from  the  lungs. 

XL  Stenosis  and  Dilatation  of  bronchi.— 1.  Narrowing  or  Obstruc- 
tion of  the  bronchi  occurs  under  a  considerable  variety  of  different 
circumstances.  It  may  be  the  result  of  inflammation  in  the  bronchial 
wall  itself.  There  is  some  swelling  of  the  bronchial  mucous  membrane 
in  all  acute  inflammations,  and  in  the  case  of  the  finer  bronchi,  this 
along  with  the  inflammatory  exudation  will  cause  serious  obstruction. 
Hence,  in  capillary  bronchitis  (broncho-pneumonia)  respiration  is  often 
seriously  interfered  with. 

In  Asthma  there  is  an  obstruction  of  the  finer  bronchi  throughout 
the  lun-s.  It  is  brought  on  by  nervous  agencies,  but  the  exact  process 
in  the  bronchi  themselves  is  not  quite  determined.   The  nervous  origin 
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suggests  spasm  of  the  muscular  coat  of  the  bronchi,  and  the  suddenness 
of  onset  and  recovery  are  consistent  with  this.  There  seems  little 
doubt  that  muscular  spasm  is  the  essential  element.  On  the  other 
hand,  the  long  duration  of  the  paroxysms  in  some  cases  throws  doubt 
on  the  view  that  spasm  alone  is  the  cause.  An  acute  hypersemia,  due 
to  vaso-motor  paralysis  and  accompanied  by  oedema,  has  been  suggested 
as  a  more  probable  explanation.  From  whatever  cause  there  is  sudden 
stenosis  of  the  finer  bronchi,  spasmodic  at  the  outset,  but  possibly 
complicated  later  on  with  actual  swelling  from  exudation.  Leyden 
observed,  in  the  sputum  of  cases  of  asthma,  crystals  (sometimes  called 
Leyden's  crystals)  similar  to  those  found  in  the  blood  in  leukaemia 
(Charcot's  crystals,  see  under  Leukaemia).  He  supposes  that  these 
crystals  may  set  up  a  reilex  spasm  of  the  bronchial  muscles,  but  this 
view  has  not  been  accepted. 

Narrowing  of  the  bronchi  may  be  due  to  Pressure  or  Encroachment 
from  without.  Tumours  not  infrequently  extend  from  the  root  of  the 
lung  along  the  connective  tissue  around  the  bronchi,  and  growing  there 
they  may  compress  and  narrow  a  bronchus.  In  not  a  few  cases  the 
tumour  infiltrates  the  bronchial  wall,  and  may  even  grow  through  it, 
so  as  to  present  itself  in  the  calibre  of  the  tube,  thus  narrowing  it  con- 
siderably. These  conditions  occur  chiefly  in  the  case  of  lympho-sarcoma 
of  the  mediastinum.  Tumours  by  their  mere  joressure,  or  aneurysms 
impinging  on  a  bronchus,  may  narrow  the  calibre. 

Foreign  bodies  in  the  bronchi  produce  obstruction,  and  a  large  one 
plugging  a  main  bronchus  may  lead  to  serious  respiratory  trouble. 
Foreign  bodies  in  the  bronchi,  however,  may  give  rise  to  aft'ections  of  a 
different  kind  to  be  considered  in  a  following  page. 

2.  Dilatation  of  bronchi.  Bronchiectasis. — This  is  a  condition  of 
considerable  frequency,  and  it  arises  under  a  variety  of  different 
circumstances. 

(«)  Causation. — In  most  cases  the  main  agent  in  causing  dilatation 
of  the  bronchi  is  the  air-pressure  acting  excessively  and  very  often 
acting  on  bronchi  whose  tissue  is  weakened  by  disease.  In  regard  to 
the  air-pressure  we  can  recognize  here  as  in  the  case  of  emphysema 
cases  in  which  the  abnormal  pressure  occurs  during  inspiration  and  others 
in  which  it  occurs  during  expiration.  Non-expansion  or  shrinking  of 
the  lung  alveoli  is  a  cause  of  bronchiectasis  from  the  action  of  the  forces 
of  inspiration.  To  such  cases  the  term  Complementary  Bronchiectasis 
may  be  applied,  the  term  having  a  similar  significance  to  comple- 
mentary emphysema.  This  is  illustrated  in  certain  interesting  cases 
of  congenital  atelectasis,  in  which  portions  of  the  lung  do  not  expand 
at  birth  and  remain  unexpanded  (see  Fig.  .512).     In  such  cases  the 
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inspiratory  expansion  of  the  chest  is  not  able  to  act  on  the  lung 
alveoli,  and  so  it  exercises  a  dilating  force  on  the  bronchi,  which  may 
be  expanded  into  a  congeries  of  sacs.  (See  also  under  Hypertrophy  of 
the  lung.)  Localized  atelectasis  due  to  other  causes  may  have  a  similar 
result.  A  more  frequent  cause  is  shrinking  of  the  lung  by  fibroid  con- 
traction. This  occurs  in  the  various  forms  of  chronic  inflammation  of 
the  lungs,  and  more  particularly  in  fibroid  phthisis.    The  shrinking 


Fig.  .512.— Complementaiy  brouchiectasis  from  old  congenital  atelectasis.  The 
bronchi  in  the  apical  region  are  expanded  into  rounded  sacs.  The  collapsed  tissue 
around  contained  no  carbonaceous  pigment  as  if  it  had  never  been  in  use  for 
respiration. 

of  the  lung  tissue  is  often  very  great  and  a  complementary  bronchi 
ectasis  is  usually  associated  with  emphysema,  the  latter  occurring  in 
the  parts  of  the  lung  less  aff"ected  with  the  fibrous  development.  In 
cases  of  this  kind  the  dilatation  of  the  bronchi  is  partly  due  to  the 
contraction  of  the  fibrous  tissue  of  the  lung.  The  adventitia  of  the 
bronchi  is  directly  continuous  with  the  interstitial  tissue  of  the  lung, 
and  the  shrinking  of  the  latter  will  act  on  the  bronchial  walls,  but  will 
do  so  irregularly  according  to  the  relations  of  the  fibrous  tissue.  This 
is  in  part  the  explanation  of  the  irregular  expansion  of  the  bronchi 
resulting  in  the  saccular  form. 
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Weakness  of  the  bronchial  wall  leads  to  bronchiectasis  chiefly  from 
its  association  with  coughing,  in  which  the  expiratory  forces  are  in- 
creased. I^  this  respect  bronchiectasis  is  comparable  with  substantive 
emphysema.  In  chronic  bronchitis  there  is  frequently,  as  we  have 
seen,  atrophy  of  the  bronchial  wall.  This  atrophy  may  be  from 
fibrous  dcATJopment,  and  in  that  case  the  wall  can  scarcely  be  weak- 
ened. But  if  the  wall,  as  frequently  happens,  is  for  prolonged  periods 
in  a  state  of  more  constant  inflammation,  so  that  its  tissue  is  like 
granulation  tissue,  then  it  is  liable  to  expand.  In  such  cases  there 
is  abundant  secretion  and  therefore  frequent  coughing,  and  the 
forced  expirations  with  closed  glottis,  acting  on  the  Aveakened  wall, 
induce  dilatation.  The  weakening  or  softening  of  the  wall  is  even 
more  manifest  in  septic  bronchitis  where  there  may  be  extensive 
bronchiectasis.  G-raiiiger  Stewart  regarded  the  atrophy  as  of  primary 
importance  and  the  probable  result  of  a  constitutional,  if  not  hereditary, 
defect. 

Accumulation  of  the  secretion  of  the  bronchi  is  also  an  occasional 
cause  of  bronchiectasis.  This  may  act  in  two  ways.  The  accumulated 
secretion  is  apt  to  decompose  and  produce  septic  inflammation,  and  so 
weaken  the  wall.  On  the  other  hand,  if  there  be  a  complete  obstruction 
of  a  bronchus  the  accumulation  in  the  parts  distal  to  the  obstruction 
may  dilate  the  tube.  As  atelectasis  results  from  such  bronchial  ob- 
struction we  have  a  further  cause  of  bronchiectasis. 

(b)  Structural  changes. — The  various  forms  of  bronchiectasis  may 
be  divided  into  two,  namely,  the  cylindrical  and  the  sacculated. 
The  Cylindrical  form  occurs  mainlj?  where  the  causal  condition  has 
been  more  or  less  of  a  general  one,  such  as  a  prolonged  bronchitis. 
The  bronchi,  especially  the  middle-sized  ones,  are  unduly  wide,  and 
their  walls  are  thinned.  The  dilatation  may  be  quite  regular,  but  very 
often  there  are  little  bulgings  or  pouches.  In  the  Sacculated  form 
there  has  usually  been  a  more  local  agent  at  work.  The  most  typical 
sacculated  dilatations  are  found  in  fibroid  phthisis  (see  Fig.  513),  but 
may  be  produced  also  by  any  cause  which  induces  shrinking  or  non- 
expansion  of  the  lung  tissue  (see  Fig.  512). 

In  the  sacculated  form  the  dilated  tubes  assume  the  characters  of 
cavities,  which  may  be  difficult  to  distinguish  from  cavities  taking 
origin  in  destruction  of  lung  tissue.  This  difficulty  arises  in  cases  of 
tuberculosis,  which  form  the  largest  proportion  of  the  cases  of  saccu- 
lated bronchiectasis.  As  a  general  rule  the  bronchiectatic  cavity  has  a 
distinct  lining  membrane,  but  this  is  not  always  the  case,  and  no  cavity 
should  be  definitely  distinguished  as  bronchiectatic  unless  a  direct 
continuation  with  an  open  bronchus  is  distinguishable. 
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The  microscopic  structure  of  the  wall  of  a  bronchiectasis  varies 
considerably  according  to  the  causation.  Where  there  is  much  inflam- 
mation, and  more  particularly  in  the  cylindrical  form,  the  structures 
of  the  wall  are  largely  replaced  by  a  highly  cellular  tissue,  in  the 
midst  of  or  beneath  which  some  of  the  normal  structures  may  remain, 
such  as  muscular  bundles.  In  the  cases  of  complementary  dilatation 
there  is  much  greater  persistence  of  the  normal  tissues,  mostly  thinned 
by  the  stretching  and  chronic  inflammation.  The  basement  membrane 
is,  for  the  most  part,  preserved  in  cases  of  this  sort.    The  presence  of 


Fig.  513-  —Bronchiectasis  associated  with  chronic  tuberculosis  of  the  lung. 


epithelium  lining  the  cavity  is  not  a  good  criterion  for  the  diagnosis  of 
bronchiectasis,  because  on  the  one  hand  epithelium  may  grow  over  the 
surface  of  cavities  of  other  origin,  and  on  the  other  hand  the  epithelium 
of  a  true  bronchiectasis  may  be  entirely  destroyed  and  the  mucous 
membrane  replaced  by  granulation  tissue. 

As  the  secretion  stagnates  in  dilated  bronchi  whether  cylindrical  or 
sacculated  there  is  commonly,  during  life,  at  intervals  an  abundant 
expectoration,  which  is  often  of  a  highly  putrid  character. 

III.  Tumours  of  the  bronchi  and  Foreign  bodies.— Simple  tumours 
originating  in  the  bronchi  are  exceedingly  rare  In  Fig.  514  is  shown 
a  glandular  tumour,  the  structure  of  which  somewhat  resembles  that  of 
the  thyroid  gland.    Cancer  not  infrequently  occurs,  originatmg  m  the 
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mucous  glands  of  the  bronchi,  although  the  resulting  tumour  has  rather 
the  characters  of  cancer  of  the  lung.    (See  under  Cancer  of  the  Lung.) 

The  bronchi  are  not  infrequently  involved  in  tumours  growing  into 
the  lungs  along  the  connective  tissue  which  accompanies  the  great 
vessels  and  bronchi.  This  applies  more  particularly  to  mediastinal 
sarcomas,  which  often  incorporate  the  bronchi  in  their  substance  and 


Fig.  514.— Glandulav  t\imour  of  a  bronchus. 


cause  obstruction.  Obstruction  of  bronchi  with  stagnation  of  the 
contents  and  bronchiectasis  are  often  prominent  features  in  such  cases. 

The  bronchi  also  take  part,  often  very  markedly,  in  tuberculosis  of 
the  lungs. 

Foreign  bodies  in  the  bronchi  give  rise  to  lesions  which  often  affect 
the  lung  as  a  whole  and  may  lead  to  appearances  and  symptoms  very 
like  those  of  phthisis  pulmonalis.  When  a  foreign  body  of  some  size 
passes  down  the  trachea  and  lodges  in  one  of  the  larger  bronchi,  it 
becomes  a  centre  of  irritation.    It  irritates  the  bronchial  wall,  making 


842 


THE  BRONCHIAL  TUBES. 


foi-  itself  a  cavity  the  internal  wall  of  which  ulcerates  and  discharges  pus. 
The  discharge  stagnates  in  the  cavity  and  decomposes,  and  as  it  is  in 
direct  communication  with  the  bronchial  tree,  it  is  liable  to  be  insufflated 
into  the  finer  bronchi  and  even  into  the  lung  alveoli.  The  whole  bron- 
chial mucous  membrane  is  converted  into  an  inflamed  and  discharging 
surface,  and  the  discharge  is  of  a  highly  putrid  character.  Thus  arise 
some  cases  of  so-called  Foetid  bronchitis.  The  inflammation  of  the 
bronchial  wall  renders  it  less  resistant  and  bronchiectasis  often  results, 
the  putrid  fluid  stagnating  in  the  dilated  bronchi.  There  are  thus 
cavities  formed  which  may  ulcerate  and  imitate  those  of  phthisis.  In 
the  lung  tissue  itself  there  may  be  developed  an  acute  or  a  chronic 
inflammation,  the  former  having  the  characters  of  an  acute  phthisis  and 
tbe  latter  more  those  of  a  chronic  fibroid  phthisis.  The  diff"erence  in 
the  result  will  depend  to  some  extent  on  the  character  of  the  foreign 
body.  If  it  be  a  decomposable  substance,  such  as  a  piece  of  meat  or  of 
bone  with  meat  attached,  it  is  more  liable  to  lead  to  acute  symptoms,, 
while  if  the  body  is  in  itself  inert  the  results  may  be  more  chronic. 

These  remarks  are  chiefly  based  on  cases  observed  by  the  author,  who  is  impressed 
by  the  frequency  of  serious  disease  of  the  lungs,  resembling  phthisis  in  many  cases,, 
brought  about  by  foreign  bodies  in  the  bronchial  tubes.  A  fuller  account  of  two 
such  cases  is  given  by  the  author  in  his  Lectures  on  Phthisis. 

Literature.— BiEEMEE,  Krankh.  d.  Bronchien  u.  d. Lungenparench. ,Virch.  Handb.,. 
V  1854;  and  on  Bronchial  asthma,  in  German  Clin.  Lect.(Syd.Soc.),  1876;  Gaiednee, 
On  bronchitis,  1850  ;  Geeenhow,  On  bronchitis,  2nd  ed.,  1878;  Peacock  (Fibrinous 
bronchitis),  Path.Trans.,  v.  41, 1853;  Saltee,  ibid.,xi.,  36, 1860;  Eieael,  Ziemssen'a 
Handb.,  iv.;  Socoleff,  Virch.  Arch.,  Ixix.,  1877;  Hamilton,  Path,  of  bronchitis,, 
etc  1883-  Caeswell  (Bronchiectasis),  Illustrations,  1833-38;  Jdbgensen,  in 
Ziemssen's  Handb.,  v.;  Hellee,  Deutsch.  Arch.  f.  klin.  Med.,  1885  ;  Auld,  Bron- 
chial affections,  Pneumonia,  etc.,  1891;  Leyden  (Charcot's  crystals  in  asthma). 
Virch  Arch  liv.,  1872;  Opitz,  Fremde  Korper  in  Luftwegen,  1858;  Coats,  in 
Gairdner  and  Coats,  Lect.  to  pract.,  1888;  Geaingee  Stewaet  and  Gibson  (Diseases 
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SECTION  v.— Continued. 


D.— THE  LUNGS. 


D.  — Of  the  Lungs.     Introduction,  as  to  structut-e.     I.  Malformations.  II. 

Atelectasis  and  Collapse.    III.  Hypertrophy.    IV.  Pulmonary  Emphysema, 

1.  Interlobular;  2.  Vesicular;  causation,  either  substantive  or  comple- 
mentary ;  anatomical  changes,  invoh-ing  atrophy ;  effects  of  emphysema. 
V.  Disorders  of  Circulation.  I.  Active  hypera5mia  ;  2.  Passive  hyperemia, 
chiefly  from  cardiac  lesions  and  hypostatic  ;  leads  to  oedema  ;  3.  Embolism  ; 
4.  Hasmorrhage  ;  the  Infarction,  etc.  VI.  Inflammations.  General  observa- 
tions. 1.  Acute  lobar  pneumonia  ;  causation;  epidemic  prevalence.  Stages 
of  Engorgement,  Bed  and  Grey  Hepatization,  and  Resolution  ;  occasional 
Purulent  infiltration,  etc. ;  Condition  of  pleura  ;  2.  Acute  broncho-pneumonia 
or  capillary  bronchitis  ;  3.  Septic  Broncho-pneumonia  ;  4.  Diphtheritic  pneu- 
monia ;  5.  Embolic  pneumonia ;  6.  Chronic  pneumonia,  characterized  by 
induration.  VII.  Gangrene.  VIII.  Phthisis  pulmonalis.  1.  Definition  and 
historical  resume  ;  2.  Causation ;  3.  Anatomical  changes  in  (a)  Caseous 
form,  and  (6)  Fibroid  form  ;  4.  E.xtension  of  the  tuberculosis  ;  5.  Healing 
process  ;  6.  Hasmorrhage,  {«)  early,  and  (b)  late  ;  7.  Condition  of  pleura- 
pleurisy  and  pneumothorax  ;  8.  General  effects.  IX.  Diseases  from  inhala- 
tion of  dust.  X.  General  Tuberculosis,  Syphilis,  etc.  XI.  Tumours  and 
Parasites. 

E.  — Of  the  Pleura.     1.  Affections  of  the  circulation  ;  2.  Acute  pleurisy  ;  3. 

Chronic  pleurisy  ;  Pleural  adhesions  ;  4.  Tuberculosis  ;  5.  Pneumothorax  ; 
6.  Tumours. 


TNTRODUCTION.— In  examining  the  lungs  after  death  ^ye  seldom 
-L  meet  with  them  in  a  perfectly  normal  condition.  They  may  be 
abnormally  adherent  to  the  wall  of  the  thorax,  or  unduly  pigmented, 
or  there  may  be  cicatrices  in  them,  or  oedema,  and  sro  on.  The  explana- 
tion of  this  is  that  the  lungs  are  peculiarly  exposed  to  deleterious 
mfluences  in  two  directions.  The  air  passing  into  them  is  apt  to  carry 
irritating  materials  with  it,  and  the  blood  circulating  so  richly  through 
their  tissue  is  liable  to  variations  in  its  constitution  and  degree  of  pres- 
sure. We  have  already  seen,  for  instance,  that  organic  disease  of  the 
heart  has  serious  effects  on  the  pulmonary  circulation,  but  apart  from 
that,  simple  weakness  of  the  heart  may,  as  we  shall  afterwards  see, 
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have  important  eft'ects  on  the  Inng.  It  must  not  be  forgotten  also  that 
there  is  no  organ  of  the  body  whose  tissue  is  so  intimately  related  to 
its  blood-vessels  as  the  lungs.  These  organs  are  little  more  than  a 
congeries  of  blood-vessels  with  a  sufficient  supporting  stroma.  Any 
deleterious  substance  circulating  in  the  blood,  therefore,  is  very  prone 
to  affect  the  lungs,  especially  if  there  be  any  special  weakness  in  this 
direction.  We  have  abundant  illustration  of  this  in  the  frequency  of 
lung  complications  in  the  acute  fevers. 

There  are  one  or  two  points  in  the  anatomical  relations  of  the  hmgs 
which  should  be  kept  in  mind.    They  are  supplied  with  two  different 
sets  of  blood-vessels,  those  of  the  Pulmonary  artery  on  the  one  hand, 
and  of  the  Bronchial  artery  on  the  other.    We  should  remember  the 
distribution  of  these,  and  not  confuse  effects  due  to  obstruction  of  the 
one  with  those  due  to  obstruction  of  the  other.    Then  we  speak  of 
diseases  affecting  the  Eespiratory  surface  on  the  one  hand,  and  the 
Supporting  structures  on  the  other;  that  is  to  say,  there  are  some 
diseases  which  affect  the  surfaces  of  the  finer  bronchi  and  of  the  alveoli, 
while  others  involve  the  walls  of  the  alveoli  and  of  the  bronchi  and 
their  supporting  connective  tissue.    It  is  true  that  these  two  are 
generally  involved  together,  but  in  different  cases  the  one  or  the  other 
is  primarily  concerned,  and  usually  retains  the  lead.    It  is  obvious 
that  to  a  certain  extent  the  determining  cause  of  the  disease  will  have 
.something  to  do  with  this.    An  agent  which  acts  by  being  carried  into 
the  lungs  with  the  air  will  mostly  affect  the  surface  of  the  alveoli  and 
bronchi  in  the  first  place,  whereas  an  agent  arriving  by  the  blood  will 
be  more  apt  to  attack  the  walls.    We  shall  see,  however,  that  to  this 
there  are  important  exceptions,  because,  on  the  one  hand,  the  capillary 
vessels  have  very  close  relations  with  the  surface  of  the  alveoli,. and,  on 
the  other  hand,  substances  arriving  from  without  very  readily  pene- 
trate into  the  substance  of  the  lung.    A  more  important  consideration 
arising  from  the  anatomical  relations  has  reference  to  the  distribution 
of  a  lesion  in  larger  or  smaller  districts  of  the  lung.    When  a  disease 
is  one  primarily  of  the  parenchyma  of  the  lung,  then  we  should  expect 
it  to  be  distributed  over  a  large  extent  of  lung  tissue  or  over  the  whole; 
the  disease  will  be  Lobar.    But  if  the  disease  is  one  primarily  of  the 
bronchi  and  affects  the  alveoli  secondarily,  then  we  should  expect  it  to 
extend  to  the  proper  lung  tissue  more  irregularly,  here  and  there  an 
extension  corresponding  with  a  particular  minute  bronchus  :  the  disease 
will  be  Lobular. 

The  Lymphatics  of  the  lung  are  important  as  they  often  convey 
different  kinds  of  solid  particles  and  are  the  means  of  dissemination  ot 
these.    The  lymphatics  are  present  wherever  connective  tissue  exists. 
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They  exist  in  the  walls  of  the  alveoli  and  in  the  interlobular  tissue,  in 
the  subpleural  tissue,  and  in  the  connective  tissue  around  the  bronchi 
and  vessels,  where  they  form  the  peribronchial  and  perivascular  lym- 
phatics. The  internal  surface  of  the  alveoli  is  closely  related  to  the 
lymphatics,  so  that  solid  particles  readily  pass  from  the  alveoli  into 
the  lymphatics  and  may  be  carried  thence  throughout  the  lymphatic 
system  of  the  lung,  and  onwards  to  the  bronchial  lymphatic  glands. 
(See  under  Inhalation  of  Foreign  Substances. ) 


I.— MALFORMATIONS  OF  THE  LUNG. 

These  are  not  infrequent,  but  are  mostly  of  minor  importance. 
Apart  from  absence  and  exceeding  smallness  of  one  or  both  lungs, 
whicli  occur  as  parts  of  general  malformations,  there  are  cases  where 
single  lobes  have  been  wanting,  and  their  place  taken  by  cicatricial 
tissue.  These  have  probably  their  origin  in  obliteration  of  a  bronchus 
in  early  foetal  life.  Again,  the  lungs  may  be  normal  in  form,  but 
very  small  in  size.  In  such  cases  the  whole  body,  and  especially  the 
circulatory  system,  will  remain  ill  developed. 

It  is  quite  common  to  meet  with  abnormal  lobulation  of  the  lungs, 
the  regular  lobes  being  divided  by  the  formation  of  deep  fissures. 
Rokitansky  has  described  a  case  in  which  an  accessory  lobe  existed 
between  the  base  of  the  left  lung  and  the  diaphragm,  and  quite  separate 
from  the  lung.    It  had,  however,  no  bronchus. 


II.— ATELECTASIS  AND  COLLAPSE  OF  THE  LUNG. 

These  names  designate  conditions  in  which  the  lung  alveoli  and  finer 
bronchi  contain  no  air,  but  are  in  a  condition  similar  to  that  of  the 
foetal  lung  before  inflation,  the  internal  surfaces  of  the  alveoli  being 
applied  to  each  other.  It  may  be  a  survival  of  the  foetal  state,  or  it 
may  be  subsequently  produced  by  the  alveoli  being,  in  some  way, 
emptied  of  their  air. 

Atelectasis.— In  its  strict  sense  this  term  is  applied  to  an  imperfect 
expansion  of  the  lung  at  birth.  It  is  frequently  found  in  new-born 
children,  being,  indeed,  a  survival  of  the  foetal  state.  The  lungs  have 
to  a  greater  or  less  extent  remained  uninflated.  The  non-inflation  may 
be  due  to  some  obstruction  in  the  bronchi,  by  meconium  or  mucus, 
but  m  most  cases  it  is  merely  due  to  the  weakness  of  the  inspiratory 
efforts.  The  new-born  child  usually  cries  lustily,  and  in  the  deep 
inspratory  gasps  between  the  cries  the  lungs  are  fully  inflated.  But 
It  the  child  be  weak  or  has  not  cried  freely,  certain  parts  of  the  lung.s 
are  apt  to  remain  devoid  of  air.    The  atelectasis  of  the  new-born  is 
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most  frequent  in  the  lower  lobe,  and  in  the  posterior  parts  of  this  lobe. 
It  may  be  only  in  small  areas  in  the  midst  of  the  inflated  lung  tissue, 
or  the  greater  part  of  a  lobe,  or  the  whole  lobe  may  be  alfected.  In 
any  case  the  non-inflated  part  usually  shows  by  its  shape  that  it  is  the 
■district  supplied  by  one  or  more  bronchi. 

The  atelectasis  shows  itself  by  the  smaller  voUime  of  the  part.  If  it 
is  in  the  midst  of  inflated  lung  it  is  depressed  below  the  surface.  Like 
the  foetal  lung,  it  is  redder  than  the  normal,  firmer  to  the  touch,  and 
non-crepitant  when  handled.  It  is  important  to  distinguish  this 
■condition  from  condensation  of  the  lung,  for  which  it  is  liable  to  be 
mistaken.  In  both  conditions  the  lung  is  devoid  of  air,  but  in  the  case 
of  condensation  it  is  so  because  the  air  spaces  are  filled  up  with  solid 
material,  usually  inflammatory  exudation. 

There  is  no  doubt  that  a  lung  which  was  partly  atelectatic  immedi- 
ately after  birth  may  subsequently  become  perfectly  inflated.  On  the 
other  hand,  there  is  reason  to  believe  that,  if  the  atelectasis  persist  long 
the  lung  becomes  incapable  of  inflation.  If  the  child  survive,  the 
applied  walls  of  the  lung  alveoli  adhere  and  an  actual  obliteration  of 
the  latter  occurs.  The  part  gradually  atrophies,  and  it  has  been 
supposed  that  cicatrices  sometimes  seen  in  the  adult  lung  and  without 
■any  obvious  cause  may  have  this  origin. 

Bronchiectasis  occurs  in  consequence  of  the  atelectasis,  the  bronchi 
•dilating  to  fill  up  the  space  left  by  the  non-inflation,  so  that  the 
bronchiectasis  is  complementary  (see  Fig.  512).  In  a  case  observed  by 
the  author,  and  referred  to  further  on  under  Hypertrophy  of  the  Lung, 
the  greater  part  of  one  lung  had  failed  to  inflate,  and  the  bronchial 
tubes  were  dilated  into  considerable  sacs. 

The  question  arises  here  whether,  after  inflation  of  the  lung,  portions  or  the 
whole  may  again  collapse.  We  shall  see  immediately  that  collapse  occurs  in  the 
adult,  and  there  is  no  reason  to  suppose  that  it  does  not  occur  in  the  new-born 
infant.  There  are  undoubted  cases  of  children  who  have  lived  over  twenty-four 
hours  and  have  cried,  in  whose  bodies  the  lungs  have  been  found  with  only  an 
island  here  and  there  of  inflated  lung. 

Collapse  of  the  lung  or  Apneumatosis.  — This  is  an  emptying  of  the 
lung  of  air  at  any  time  after  its  expansion.  In  some  cases  it  is  due  to 
direct  Compression  of  the  lung ;  the  air  is  simply  squeezed  out  of  it. 
Usually  this  arises  from  the  presence  of  fluid  or  air  in  the  pleural  cavity. 
In  that  case  the  air  vesicles  may  be  only  partly  emptied  and  may 
readily  recover.  But  if  the  exudation  is  great  and  remains  long,  then 
the  lung  may  be  pressed  upwards  and  backwards  and  come  to  form 
merely  a  red  fleshy  layer  flattened  against  the  chest  wall.  This  con- 
■dition  is  often  called  Carnification,  and  in  it  the  tissue  appears  darkly 
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pigmented,  the  absence  of  blood  and  the  packing  together  of  the  lung 
tissue  exaggerating  the  existing  carbonaceous  pigmentation.  The 
cause  mentioned  above  is  by  far  the  most  frequent  in  producing  collapse 
by  pressure,  but  there  are  others.  Curvature  of  the  spine  sometimes 
causes  such  a  narrowing  of  a  part  of  the  chest  that  the  lung  is  squeezed 
or  collapsed.  Aneurysms  or  tumours  may  also  compress  the  lung, 
but  they  more  frequently  cause  collapse  by  obstructing  the  bronchi. 
Even  distension  of  the  abdomen,  by  pressing  the  diaphragm  upwards 
and  limiting  the  chest  space,  may  cause  a  partial  collapse.  A  great 
distension  of  the  pericardium  may  have  a  similar  effect. 

A  very  important  cause  of  collapse  is  Obstruction  of  bronchi.  A 
limited  collapse  is  exceedingly  frequent  in  bronchitis,  esjDecially  in 
children.  The  collapse  very  often  appears  in  the  form  of  small  wedge- 
shaped  depressions  at  the  edges  of  the  lungs,  and  may  be  almost 
concealed  by  neighbouring  emphysematous  lung.  But  sometimes, 
especially  in  children,  the  collapse  may  be  much  more  extensive. 

One  mode  in  which  this  collapse  occurs  has  been  described  by  Gairdner.  If  a 
pellet  of  mucus  obstructs  a  bronchus  it  may  act  to  a  certain  extent  like  a  ball 
valve;  it  is  pushed  out  into  the  larger  tube  during  expiration,  and  being  drawn  back 
against  the  bifurcation  in  inspiration  stops  the  tube.  In  this  way  the  escape  of  air 
during  expiration  is  allowed,  but  the  entrance  of  air  during  inspiration  prevented. 
The  respiratory  movement  will  thus  act,  to  a  certain  extent,  like  an  air  pump,  and 
the  portion  of  lung  tissue  concerned  will  be  gradually  emptied  of  air. 

Another  way  in  which  collapse  probably  occurs  when  a  bronchus  is  obstructed 
has  been  demonstrated  by  Lichtheim.  It  is  to  be  remembered  that  the  lung  tissue 
is  elastic,  and  that  left  to  themselves  the  alveoli  collapse  and  their  walls  apply 
themselves  together.  If  a  bronchus  be  obstructed,  and  communication  with  the 
external  air  withdrawn,  the  elasticity  of  the  lung  tissue  will  cause  pressure  to  be 
exercised  on  the  air  contained  in  the  alveoli,  and  absorption  of  its  gases  will  be  thus 
promoted.  It  has  been  proved  that  such  absorption  actually  occurs  somewhat 
rapidly,  first  of  the  oxygen,  then  of  the  carbonic  acid,  the  nitrogen  being  slowest  of 
absorption.    The  lung  of  course  collapses  as  the  air  is  absorbed. 

It  has  just  been  stated  that  collapse  from  bronchial  obstruction  is  most  common 
in  the  bronchitis  of  children,  but  it  is  necessary  to  observe  that  in  children,  in  whom 
the  form  called  capillary  bronchitis  is  common,  this  disease  is  often  accompanied 
by  a  condition  which  is  apt  to  be  mistaken  for  collapse,  namely,  lobular  condensa- 
tion. The  inflammatory  process  in  the  bronchi  readily  passes  in  children  to  the 
lung  alveoli,  and  the  products  fill  these  up,  causing  condensation  of  a  portion  of  the 
tissue  which  has  a  wedge-shaped  configuration  similar  to  that  of  the  collapsed 
portion.  Of  course,  these  two  conditions  may  co-exist  in  the  same  lung,  or  we  may 
even  have  a  combination  of  them,  the  collapsed  lung  becoming  the  seat  of  inflam- 
mation, and  so  passing  into  the  condition  of  condensation. 

Literature  HEi.r,ER,  D.  Arch.  f.  klin.  Med.,  xxxvi.  ;  Coats,  Trans,  of  Clin.  Soc. 
1879  Gaibdnkk,  On  bronchitis,  1850;  Lichtheim,  Arch.  f.  exper.  Path., 
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III.— HYPERTROPHY  OF  THE  LUNG. 

This  occurs  as  a  Compensatory  process  perhaps  more  frequently  than 
is  usually  supposed.  There  is  evidence  to  show  that  in  persons  who  go 
to  reside  in  high  altitudes,  the  chest  increases  in  size,  the  greater 
requirements  of  the  attenuated  air  apparently  inducing  increased 
respiratory  movement  and  by  degrees  a  permanent  enlargement  of  the 
lung.  It  is  also  probable  that  in  cases  of  phthisis  which  recover  with 
loss  of  a  certain  portion  of  lung  substance,  the  loss  may  be  partly  made 
good  by  a  true  hypertrophy  of  the  lung,  although  there  is  also  observed 
in  such  cases  an  emphysema  by  which  the  space  is  tilled  up  without  a 
proper  hypertrophy.  Hypertrophy  in  cases  of  phthisis  will  be  promoted 
by  residence  at  a  high  altitude. 

An  unequivocal  compensatory  hypertrophy  of  the  lung  occurs  in  con- 
sequence of  atelectasis.  There  may  be  in  this  case  a  great  enlargement 
of  the  expanded  lung  so  as  partly  to  fill  the  place  of  the  non-expanded 
part.  In  such  cases  there  is  not  probably  any  numerical  increase  of 
lung  alveoli,  but  these  are  enlarged,  their  walls  expanded,  and  the 
capillaries  elongated  or  multiplied. 

A  case  occurred  to  the  author  which  distinctly  manifested  the  characters 
mentioned  above.  The  left  lung  was  of  very  small  dimensions,  especiaUy  the 
upper  lobe,  which  appeared -merely  as  a  membranous  structure  in  which  dilated 
bronchi  could  be  felt.  There  was  no  pigment  in  this  lobe,  and  not  a  trace  of  lung 
parenchyma.  The  lower  lobe  contained  the  ordinary  carbonaceous  pigment  in 
limited  amount,  and  was  greatly  reduced  in  size. 

The  right  lung  was  of  very  unusual  volume,  extending  across  the  middle  Ime,  so 
that  its  edge  reached  beyond  the  left  nipple.  The  enlargement  seemed  to  be  due  to 
an  addition  of  lung  tissue  which  threw  forward  the  anterior  parts.  The  supra- 
clavicular  part  of  the  lung  was  normal,  and  its  anterior  border  indicated  the 
position  of  the  normal  anterior  margin.  Below  and  beyond  this,  however  the  lung 
extended  into  the  other  half  of  the  chest.  This  part  of  the  lung  had  not  the 
appearances  of  emphysema,  but  was  bulky  and  consisted  of  sound  pu  monary 
tSue  The  right  ventricle  of  the  heart  was  greatly  enlarged,  and  the  pulmonary 
artery  showed  a  remarkable  thickening  of  its  wall,  there  being  scarcely  any  differ- 

Th— 'orp'u;^^^^^^^^^^^^  in  the  upper  lobe  of  the  left  lung  indicated  that 
the  collapse"  ad  b'een  of  long  standing,  and  the  entire  absence  of  Pigment  showed 
that  If  not  congenital  it  had  occurred  in  very  early  life.  The  enlargement  of  the 
St  lung  was  thus  compensatory,  dating  from  a  period  when  the  organ  was  in  a 
ate  org?owth.  The  compensation  seems  to  have  been  somewhat  eSective  as  he 
™n  ifveT  to  the  age  of  46,  and  it  was  only  during  the  later  months  of  h.s  life 
LTlie  sui  ed  f^^^  dyspnoea,  followed  by  signs  of  venous  engorgement 

ih    irrklble  thickening  of  the  pulmonary  artery  without  any  apP-~^ 
also  seems. poin^ 
;i^«^^  -  pulmonary  artery  had  only 


PULMONARY  EMPHYSEMA. 


849 


about  a  third  of  the  calibre  of  the  right,  but  the  main  bronchus  was  of  equal  size  on 
the  two  sides.    A  somewhat  similar  case  is  described  by  Eecklinghausen. 

Literature.— Coats,  Lect.  to  pract.,  1888;  Schuohaedt  und  Eecklinghausen, 
Virch.  Arch.,  ci.,  1885,  p.  71. 


IV.— PULMONARY  EMPHYSEMA. 

This  name  includes  two  distinct  lesions,  in  one  of  which  air  escapes 
into  the  connective  tissue  of  the  lung  and  distends  the  connective-tissue 
spaces,  while  in  the  other  the  alveoli  are  over-distended  and  various 
other  changes  result,  but  the  air  does  not  escape  from  its  natural 
chambers.  It  will  be  seen  that  the  first  form  is  comparable  with 
surgical  or  cutaneous  emphysema,  while  the  second  is  essentially 
different. 

1.  Interlobular  or  Interstitial  emphysema. — This  form,  which  is 
rare,  occurs  when  the  air  vesicles  or  bronchi  are  ruptured  and  the  air 


Fig.  515.— Lungs  of  an  infant  with  interstitial  emphysema.    The  trachea  and 
bronchial  tubes  contained  a  large  amount  of  meconium. 

escapes  into  the  interstitial  tissue.  The  air  vesicles  may  be  actually 
torn  open  by  a  broken  rib  coming  against  the  lung,  or  by  the  lung 
being  directly  wounded.  On  the  other  hand,  the  air  vesicles  may 
rupture  from  acute  over-distension.  Thus  it  may  be  the  result  of  very 
violent  expiratory  efforts,  generally  ^^dth,  but  sometimes  without, 
obstruction  of  the  air  passages.  It  has  been  met  Math  in  whooping 
cough,  in  diphtheria,  and  in  violent  coughing  from  the  inhalation  of 
irritating  material  (see  Fig.  515).  The  violent  efforts  with  closed 
glottis  cause  such  compression  of  the  air  in  the  alveoli  that  at  some 
place  the  vesicles  rupture. 

As  the  parts  are  seen  after  death  the  air  appears  in  the  form  of 
mmute  rows  of  bead-like  bubbles,  visible  through  the  pleura.  These 
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rows  of  beads  demarcate  the  lobules.  Occasionally  there  are  larger 
bulla3  (see  Fig.  515),  which  have  been  known  to  rupture  externally, 
and  so  lead  to  pneumothorax. 

The  air  sometimes  travels  along  the  connective  tissue  for  some  distance,  just  as 
in  the  case  of  Subcutaneous  or  Surgical  emphysema.  It  may  pass  to  the  root  of 
the  lung,  and  from  there  up  along  the  trachea  and  out  to  the  subcutaneous  tissue  of 
the  neck,  and  so  lead  to  a  surgical  emphysema.  This  has  in  some  cases  induced  a 
mistake  in  diagnosis,  as  Virchow  has  pointed  out.  Interlobular  emphysema  some- 
times occurs  in  diphtheria,  and  may  lead  to  subcutaneous  emphysema  in  the  way 
just  mentioned.  But  if  tracheotomy  has  been  performed,  it  may  be  thought  that 
the  emphysema  has  taken  origin  in  the  wound. 

An  unusual  cause  of  interstitial  emphysema  was  that  in  a  case  observed  by  the 
author,  in  which  a  tuberculous  gland  burst  into  a  bronchus.  The  rupture  of  the 
bronchus  allowed  of  the  passage  of  air  to  the  parts  outside  the  tube,  and  the  air 
inflated  the  connective  tissue  of  the  lung  on  the  one  hand,  and  on  the  other  hand 
extended  up  to  the  neck  and  chest,  producing  a  subcutaneous  emphysema. 

2.  Vesicular  emphysema.— In  this  condition  the  air  vesicles  are 
over-distended,  and,  by  partial  atrophy  of  their  walls,  to  some  extent 
coalesced,  but  without  any  actual  tearing  of  them. 

Causation  of  emphysema.— There  have  been  differences  of  opinion 
as  to  the  exact  manner  in  which  the  over-distension  is  brought  about. 
On  the  one  hand,  Gairdner  asserted  that  it  was  produced  during 
inspiration,  while  Jenner  held  that  it  was  due  to  the  expiratory  force. 
Probably  each  of  these  has  its  influence,  and  the  cases  may  be  divided 
according  as  they  are  due  to  repeated  and  severe  expiratory  efforts  as 
in  coughing  {Substantial  emphysema),  or  to  inspiratory  distension,  acting 
especially  on  one  part  in  consequence  of  another  part  being  uninflated 
(Complementary  or  Vicarious  emphysema).  In  the  former  case  we  have 
a  more  generalized  and  in  the  latter  a  more  localized  emphysema. 

Substantial  or  Substantive  emphysema  is  due  to  over-distension 
during  expiration.     When  the  glottis  is  closed,  and  Expiration 
violently  performed,  the  air  in  the  vesicles  will  be  at  an  increased 
pressure.    The  expiratory  effort  is  produced  by  the  muscles  causing 
the  movable  walls  of  the  chest  to  be  pressed  against  the  lung.  The 
contraction  of  the  abdominal  muscles  presses  the  diaphragm  upwards, 
while  the  ribs  are  depressed.     The  lung  is  thus  compressed,  but  at 
the  same  time  it  is  supported  by  the  structures  which  compress  it,  and 
the  same  force  that  increases  the  pressure  helps  the  lung  tissue  to 
resist  it  by  increasing  the  support.    When  the  glottis  is  closed  the 
whole  lung  may  be  regarded  as  one  cavity,  and  the  pressure  will  be 
rntersally  diffused,   ifxnay  be  expected,  th.-efore,  that  if  any  p^^^^^^^^^^ 
the  lung  be  insufficiently  supported  the  distensile  force  will  tell 
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especially  there.  The  question  therefore  arises,  Are  there  any  parts 
where  the  lung  is  not  fully  supported  by  the  chest  walls  1  If  a 
deep  breath  be  taken,  the  glottis  closed,  and  the  act  of  expiration 
vigorously  performed  for  a  few  seconds,  we  find  in  our  own  feelings 
indications  that  the  lungs  are  over-distended,  mainly  in  the  anterior 
parts  and  the  parts  above  the  clavicles.  We  can  easily  understand 
how  this  should  be.  The  anterior  part  of  the  chest,  by  reason  of 
the  flexibility  of  the  costal  cartilages,  is  more  movable  than  the 
rest  of  it,  and  the  anterior  edges  of  the  lungs,  as  we  can  see  in  an 
animal  whose  chest  is  laid  open  while  artificial  respiration  is  carried 
on,  have  very  free  play.  Then,  above  the  clavicle  the  lung  is  obviously 
less  supported  than  where  the  chest  has  bony  walls.  We  shall  see 
afterwards  that  these,  with  one  or  two  other  parts,  are  those  in 
which  emphysema,  when  due  to  frequent  expiratory  efforts,  occurs 
most  typically. 

It  will  be  obvious  that,  if  the  lung  tissue  has  lost  its  elasticity,  permanent  dilata-  ■ 
tion  of  the  air  vesicles  will  occur  more  easily,  and  will  readily  extend  to  parts 
more  fully  supported  than  those  mentioned.  In  Senile  Emphysema,  to  be  after- 
wards referred  to,  there  is  a  loss  of  elasticity  from  the  atrophy  of  old  age.  But 
there  seems  to  be  in  some  cases  a  general  loss  of  elasticity,  and  it  appears  as  if 
such  a  condition  were  hereditary  to  some  extent.  It  is  true  that  frequent  over- 
distension will  cause  atrophy  of  the  elastic  tissue  of  itself,  but  it  is  quite  apparent 
that  in  many  individuals  there  is,  to  begin  with,  less  elastic  tissue,  or  it  is  less 
resistant,  and  so  we  have  a  predisposition  to  emphysema,  sometimes  inherited.  A 
similar  loss  of  elasticity  may  be  induced  by  disease,  as  in  a  case  rcorded  by  Hertz 
in  which  a  cornet  player  developed  a  marked  emphysema  after  an  attack  of 
pneumonia. 

Emphysema  is  liable  to  occur  when  frequent  and  violent  expiratory 
efforts  are  made  with  closed  glottis.  Coughing  implies  such  efforts, 
and  it  is  chiefly  in  diseases  where  coughing  is  a  prominent  feature 
that  we  are  to  look  for  emphysema  from  this  cause.  It  is  met  with 
pre-eminently  in  bronchitis.  It  also  occurs  in  whooping-cough, 
occasionally  in  croup,  and  even  in  the  violent  expiratory  efforts  of 
parturition.  As  chronic  bronchitis  is  specially  a  disease  of  more 
advanced  life,  we  may  expect  that  a  preliminary  atrophy  of  the  lung 
tissue,  implying  a  loss  of  elastic  tissue,  plays  an  important  part  in  the 
production  of  emphysema  in  a  large  number  of  cases. 

Complementary  or  Vicarious  emphysema  arises  in  consequence  of 
pver-distension  during  inspiration.  If  a  part  of  the  lung  does  not 
distend  fully  in  inspiration,  there  must  either  be  a  falling-in  of  the 
chest  to  a  corresponding  extent,  or  else  an  over-distension  of  another 
part  of  the  lung  in  order  to  fill  up  the  space.  To  what  extent  one  or 
other  or  both  of  these  will  occur  is  determined  by  circumstances. 
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chiefly  by  the  situation  of  the  insufficiently  distended  part  and  the 
time  occupied  in  the  occurrence  of  the  lesion. 

If  a  portion  of  the  lung  is  collapsed,  the  neighbouring  part  often 
undergoes  emphysematous  distension.  It  occurs  thus  in  bronchitis, 
and  the  wedges  of  collapse,  already  referred  to,  are  often  fringed  with 
emphysema.  We  see  it  also  around  cicatrices  in  phthisis,  or  along  with 
bronchiectasis  in  fibroid  phthisis.  Emphysema  occurs  sometimes  to  a 
remarkable  extent  in  connection  with  general  adhesions  of  the  lung, 
and  the  emphysema  is  often  very  marked  at  the  anterior  parts.  In 
this  case  the  adhesions  prevent  the  forward  movement  and  expansion 
of  the  lung  during  inspiration,  and  there  is  thus  an  over-distension  in 
this  direction.  The  opposite  lung  may  project  so  as  to  partly  fill  the 
space,  and  its  edge  may  be  also  emphysematous. 

Anatomical  changes  in  emphysema. — We  have  to  do  with  air  spaces 
of  irregular  shape  and  separated  by  partial  partitions,  and  as  the  dis- 
tensile  force  acts  from  within,  its  tendency  is  to  distend  equally,  and  so 
render  the  spaces  globular.    The  ultimate  bronchial  tubes  terminate  in 
the  elongated  passages  called  from  their  shape  infundibula.  From 
these  passages  open,  by  wide  apertures,  the  air  vesicles,  which  therefore 
cluster  around  the  infundibula  and  are  mere  pouches  out  from  them. 
The  distensile  force  will  act  first  on  the  infundibulum  with  its  system 
of  air  vesicles,  causing  distension.    The  tendency  will  be  to  render  the 
outline  more  globular  and  the  cavity  simpler.   The  partitions  separating 
the  alveoli  atrophy  and  the  infundibulum  expands  into  a  simpler  cavity 
(Fig.  516  and  a  a  in  Fig.  517).    Thus  while  more  space  is  occupied 
there  is  less  respiratory  surface.     The  infundibulum  continues  to 
expand  and  meets  with  other  infundibula  undergoing  a  similar  process. 
By  mutual  pressure  the  adjoining  tissue  atrophies,  and  the  infundibula 
communicate  by  rounded  apertures.   The  larger  cavity  tends  to  become 
simpler  by  atrophy  of  all  partitions  and  septa,  and  so  the  process  goes 
on  by  coalescence  of  neighbouring  spaces  and  atrophy  of  the  partitions. 
The  enlarged  air  spaces  thus  produced  are  of  various  sizes,  up  to  con- 
siderable vesicles  or  bullae. 

With  this  atrophy  there  is  great  loss  of  tissue  and  of  blood-vessels. 
Before  the  actual  destruction  of  the  blood-vessels  the  pressure  seems  to 
cause  obstruction  of  them  so  that  they  are  not  able  to  be  injected  and 
appear  as  white  cords.  It  is  stated  that  this  obstruction  is  effected  by 
the  formation  of  white  thrombi.  The  epithelium  for  the  most  part 
persists  in  the  distended  air  spaces,  but  it  is  frequently  in  a  state  ot 
fatty  degeneration.  Of  most  importance  is  the  atrophy  of  the  elastic 
tissue,  because  on  this  account  the  lung  tissue  will  be  prevented  from 
collapsing  as  it  normally  does. 
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The  lung  as  a  whole  presents  alterations  consistent  with  those  in  its 
finer  structure.  In  general  emphysema,  when  the  chest  is  opened,  the 
lungs  are  seen  to  be  bulky  and  pale ;  they  do  not  retract  within  the 
chest,  and  they  give  to  the  hand  a  soft  downy  feeling.  They  scarcely 
crepitate  when  handled  and  when  pressed  on  the  surface  a  pit  is  left. 
These  characters  are  due  to  loss  of  elasticity,  which  renders  the  lung 
tissue  less  capable  of  retracting.  The  localization  of  the  lesion  is 
indicated  by  increase  of  bulk  and  change  of  colour,  the  affected  parts 
having  a  light  grey  or  pinkish  colour  mottled  with  spots  and  lines  of 
pigment.  Thus  the  Anterior  margins  are  unduly  voluminous,  and  the 
edges  rounded.  The  enlargement  is  often  somewhat  irregular  so  that 
pieces  are  partially  isolated  by  being  specially  enlarged.  This  applies 
more  particularly  to  the  Ear-shaped  piece  which  projects  from  the 
anterior  border  of  the  left  lung  corresponding  with  the  lower  part  of 
the  heart.  The  Base  also,  on  account  of  the  insufficient  support  of  the 
diaphragm,  frequently  shows  marked  evidences  of  emphysema,  in  the 
form  of  irregular  rounded  prominences,  and  the  diaphragmatic  surface 
of  the  lung  may  be  convex  instead  of  concave.  This  is  especially  the 
case  in  the  left  lung  where  the  diaphragm  is  not  supported  by  a  solid 
organ  as  it  is  on  the  right  side  by  the  liver.  Again  the  enlargement  is 
very  frequent  at  the  Apices.  It  has  been  pointed  out  by  Jenner  that 
the  right  lung  often  presents  a  special  bulging  posteriorly  at  a  place 
corresponding  to  the  space  behind  the  trachea. 

The  localization  will  be  more  various  where  "the  emphysema  is  com- 
plementary, and  in  that  case  will  depend  greatly  on  the  locality  of  the 
cause.  Thus  we  see  it  around  cicatrices  or  contracted  pieces  of  lung, 
but  in  nearly  all  cases  there  is  a  tendency  to  affect  especially  the 
anterior  parts. 

In  all  these  places,  with  increase  of  bulk  in  general  there  is,  even  to 
the  naked  eye,  a  visible  enlargement  of  the  air  spaces.  Normally,  the 
individual  air  vesicles  are  scarcely  visible,  but  in  emphysema  the  ab- 
normal air  spaces  are  plainly  seen  through  the  pleura,  or  on  section, 
often  giving  a  frothy  appearance  from  the  size  of  the  vesicles  and  the 
delicacy  of  the  partitions.  Beyond  this  we  may  have  all  degrees  of 
visible  enlargement  of  the  air  spaces  up  to  considerable  bladders  as 
large  as  an  egg.  On  cutting  into  them  there  is  often  a  creaking,  crisp 
sound,  and  if  the  vesicles  are  large  they  collapse  markedly. 

The  effects  of  emphysema.— The  lungs  are  permanently  increased  in 
bulk,  and  the  Capacity  of  the  chest  is  increased.  The  chest  is  kept 
more  or  less  in  the  condition  of  deep  inspiration,  the  diaphragm 
depressed  and  flattened,  the  shoulders  elevated,  the  sternum  pushed 
forwards  and  outwards,  and  the  chest  more  or  less  barrel-shaped.  The 
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heart  is  depressed  along  with  the  diaphragm  and  placed  more  horizon- 
tally, while  it  is  overlaid  by  the  edges  of  the  lungs.  The  liver  is 
pushed  downwards  by  the  flattened  diaphragm. 

Emphysema  has  a  serious  Effect  on  the  circulation.  We  have  seen 
that  there  is  obstruction  and  destruction  of  the  blood-vessels  in  the 
lung,  with  the  result  of  producing  dyspnoea  from  insufficient  passage  of 
blood  through  the  lungs.  By  the  efforts  of  the  right  ventricle,  which 
commonly  shows  hypertrophy,  there  may,  for  a  time,  be  a  partial 
compensation.  But  as  time  goes  on  the  compensation  is  liable  to 
become  incomplete,  and  the  general  results  of  dilatation  of  the  right 
ventricle  and  general  venous  hypertemia  follow.  The  prolonged  strain 
will  try  the  muscle  of  the  heart  and  death  commonly  ensues  from 
heart-failure,  the  muscular  substance  being  not  uncommonly  found 
fatty. 

Senile  emphysema. — This  is  primarily  an  atrophy  of  the  lung  tissue 
corresponding  with  the  general  atrophy  of  old  age.  When  the  chest 
is  opened  the  lung  in  this  form  retracts  and  falls  backwards  against 
the  posterior  wall  of  the  chest.  Hence  the  name  applied  by  Jenner 
of  "  small-lung  emphysema."  The  normal  weight  of  the  lungs  is  about 
44^  ounces  in  the  male  and  35  ounces  in  the  female,  but  in  senile 
emphysema  they  may  be  only  two  thirds  of  this  weight.  The  air 
vesicles  undergo  changes  similar  in  appearance  to  those  in  ordinary 
vesicular  emphysema ;  their  walls  atrophy  and  the  infundibula  coalesce 
so  as  to  form  larger  cavities,  but  this  is  by  a  simple  process  of  atrophy. 
On  examining  the  lung  the  increased  size  of  the  air  spaces  may  be  in- 
visible at  first,  but  if  the  lung  be  distended,  or  if  after  laying  it  open 
by  incision  it  be  floated  in  water,  the  large  vesicles  become  visible. 
As  old  people  are  specially  subject  to  bronchitis,  senile  atrophy  may 
strongly  predispose  to  the  more  ordinary  form  of  emphysema. 

Literature. — Interlobular — Vihchow,  Arch.  f.  wissensch.  Heilk.,  iii. ;  Sachse, 
Virch.  Arch.,  li.,  1871;  Guteebock,  ibid.,  lii.,  1871;  Coats,  Glasg.  Med.  Jour., 
XXXV.,  1891,  p.  424.  Vesicular— Lm^s^c,  Traite  d'auscult.  m6d.,  i.,  348 ;  Mendels- 
sohn, Der  Mech.  der  Eesp.  u.  Circul.,  1845;  Gairdneb,  Edin.  Monthly  Jour.,  xii. 
andxiii.,  1851;  Jenner,  Med.  Chir.  Trans.,  ii.,  1857;  Bindflbisch,  Path.  Hist.; 
Thierfelder,  Atlas  d.  path.  Hist.,  1872;  Hertz,  in  Ziemssen's  Handb.,  v.  ii ; 
Eppinger,  Prag.  Vierteljahrschr.  f.  pract.  Heilk.,  vol.  cxxxii. ;  Durand  Fardel, 
Malad.  des  vieillards,  1854 ;  Fowler,  in  Allbutt's  System  of  medicine,  vol.  v.,  1898. 


v.— DISORDERS  OF  THE  CIRCULATION  IN  THE  LUNGS. 
The  pulmonary  circulation  differs  in  certain  important  respects  from 
e  systematic  circulation.    The  pulmonary  arteries  are  comparatively 
in-walled  and  the  muscular  coat,  even  in  the  finer  branches,  is  but 
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slightly  developed.  Hence  there  is  little  of  that  variation  in  blood- 
pressure  which  in  the  systemic  circulation  is  brought  about  by  altera- 
tions in  the  state  of  contraction  of  the  arterioles.  The  pulmonary 
blood-pressure  is  normally  low  and  is  subject  to  little  variation,  except 
in  a  purely  passive  manner.  It  might  be  supposed  that  the  pulmonary 
arterial  pressure  would  correspond  and  vary  with  the  systemic  arterial 
pressure,  but  it  does  so  to  a  very  slight  extent.  The  mitral  valve 
when  it  is  sufficient  seems  to  cut  off  the  systemic  from  the  pul- 
monary circulation,  so  that  there  may  be  great  elevation  of  the 
systemic  blood-pressure  whilst  the  pulmonary  pressure  is  only  slightly 
raised  or  even  remains  normal.  Thus  in  asphyxia,  where  the  systemic 
pressure  is  greatly  elevated,  the  pulmonary  is  comparatively  little 
aflfected.  It  follows  from  these  facts,  however,  that  pathological 
variations  in  the  pulmonary  circulation  such  as  that  produced  by  in- 
sufficiency of  the  mitral  valve  will  tell  greatly,  as  the  means  of  com- 
pensation which  the  systemic  arteries  possess  are  much  less  efficiently 
present  in  the  pulmonary  arteries. 

1.  Active  hyperaBmia. — ^This  is  not  frequently  met  with  except  as  an 
accompaniment  of  inflammation  or  other  affection  of  the  lung.  It  may 
be  produced  by  the  inhalation  of  irritating  vapours.  A  Collateral 
hypersemia  occurs  when,  in  consequence  of  disease  which  has  rapidly 
developed,  a  considerable  portion  of  the  pulmonary  circulation  is  ob- 
structed. In  cases  of  pneumonia  where  the  exudation  in  the  lung 
alveoli  exercises  pressure  on  the  vessels,  the  unaffected  parts  of  the 
lung  are  commonly  hypersemic.  Embolism  of  the  pulmonary  artery 
will  also  produce  a  collateral  hypersemia. 

A  more  equivocal  collateral  hypersemia  is  sometimes  produced  by 
the  application  of  cold  to  the  surface,  as  in  bathing  while  over-heated, 
or  the  imbibition  of  large  quantities  of  cold  liquids.  The  effect  of  this 
is  to  cause  great  contraction  of  the  arteries  in  the  skin  on  the  one 
hand,  or  the  stomach  and  neighbouring  parts  on  the  other.  The 
anemia  thus  produced  causes,  when  extreme,  a  rise  of  blood-pressure 
in  the  pulmonary  circulation,  an  acutely  developed  hypersemia,  which, 
however,  partakes  of  the  nature  of  passive  more  than  of  active 
hyperemia.  There  is  in  some  such  cases  acute  oedema,  which  may  be 
accompanied  by  haemorrhage.    (See  case  by  Hertz.) 

2.  Passive  hyperemia  and  (Edema  of  the  lungs.— In  the  lungs 
as  elsewhere  these  two  conditions  are  often  associated.  Passive 
hypersemia  in  the  lungs  is  nearly  always  connected  with  functional 
disturbance  of  the  heart,  and  there  are  two  principal  forms  of  heart 
lesion  which  are  apt  to  give  rise  to  it.  These  are,  on  the  one  hand, 
cardiac  lesions,  chiefly  valvular,  which  interfere  mechanically  with  the 
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pulmonary  circulation,  and,  on  the  other  hand,  weakness  of  the  heart, 
which,  as  we  have  seen,  is  a  cause  of  passive  hypereemia  in  general. 

Passive  hypergemia  from  cardiac  lesions  occurs  under  all  the 
different  forms  of  heart  disease  in  which  the  return  of  blood  to  the  left 
auricle  and  ventricle  is  hindered  by  valvular  incompetence  or  otherwise. 
(See  under  Valvular  Disease  of  the  Heart.)  In  mitral  disease  especially 
there  is  commonly  a  direct  obstruction  to  the  return  of  blood  from  the 
lungs.  This  is,  in  many  cases,  partly  compensated  by  hypertrophy  of 
the  right  ventricle,  but  even  when  it  is  so  the  pulmonary  circulation 
will  be  at  an  increased  pressure,  and  a  more  or  less  permanent  passive 
hypersemia  will  exist.  This  expresses  itself  during  life  in  the  readiness 
with  which  dyspnoea  develops  itself,  and  also  in  the  frequent  coincidence 
of  bronchitis. 

The  condition  of  the  lungs  in  cases  of  prolonged  passive  hypersemia 
is  expressed  in  the  designation  Brown  induration.  The  whole  lung  is 
more  consistent  than  normal,  and  does  not  retract  so  fully  when  the 
chest  is  laid  open.  The  colour  is  brownish,  but  the  depth  of  colour 
varies  considerably  in  diiferent  cases  and  in  different  parts  of  the  lung. 
In  this,  as  in  other  cases  of  prolonged  hypersemia,  the  connective  tissue 
is  thickened  and  increased  in  density ;  hence  the  induration,  which 
Eokitansky  thought  to  be  due  to  inflammatory  hypertrophy  of  the 
connective  tissue.  At  the  same  time  the  capillaries  are  greatly  dilated 
and  tortuous,  and  haemorrhage  by  diapedesis  is  liable  to  occur  as  in 
passive  hypersemia  generally.  The  blood  escapes  partly  into  the  lung 
alveoli,  giving  rise  to  Hsemoptysis,  and  partly  into  the  surrounding 
connective  tissue,  producing  the  Brown  pigmentation.  The  pigment 
is  in  the  form  of  brown  granules  in  the  connective-tissue  corpuscles. 
Pigmented  catarrhal  cells  are  often  abundant  (see  Fig.  518). 

The  condition  of  the  vessels  is  well  shown  by  separating  a  piece  of  lung  tissue  by- 
ligature,  then  placing  it  in  nitric  acid  and  afterwards  in  alcohol.  When  sections 
are  made  the  varicose  capillaries  will  be  displayed  as  a  brownish- red  network,  and 
the  larger  vessels  will  also  be  seen. 

Even  extreme  and  prolonged  hypersemia  may  exist  without  the 
development  of  oedema,  the  occurrence  of  which  will  usually  imply  the 
supervention  of  weakness  of  the  heart. 

Passive  hypersemia  from  weakness  of  the  heart  is  commonly  accom- 
panied by  oedema  of  the  lungs.  In  many  cases  it  is  developed  shortly 
before  death,  and  is  an  expression  of  the  fact  that  failure  of  the  heart 
IS  the  immediate  cause  of  death.  In  a  large  number  of  debilitating 
diseases  we  find  just  before  death  the  chest  full  of  r^les  and  the  breath- 
mg  much  obstructed.     In  these  cases  passive  hyperemia  and  oedema 
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are  found  after  death.  On  the  other  hand  these  phenomena  may 
develop  in  the  course  of  diseases  which  specially  involve  the  heartr 
more  particularly  the  acute  fevers,  in  which  passive  hypersemia  and 
cedema  are  frequently  of  serious  import.  Existing  cardiac  lesions,  as 
already  mentioned,  will  predispose  to  oedema  if  the  heart  happens  to 
become  exhausted  or  weakened. 
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Pig.  SlS.-Lung  in  passive  hyperfemia.    From  a  case  of  mitral  disease.    X  200. 

Under  these  various  circumstances  gravitation  plays  an  important 
part  in  the  development  of  the  hyperemia  and  oedema,  and  these 
phenomena  are  usually  most  distinct  in  the  parts  which  durmg  life 
have  been  the  most  dependent.  Hence  the  term  Hypostatic  engorge- 
ment is  often  applied.  As  a  general  rule,  the  parts  affected  are  the 
posterior  and  basal  portions  of  the  lungs.  They  present  after  death  a 
dark  blue  colour,  and  the  tissue  is  bulkier  and  more  solid  than  normal. 
The  physical  condition  is  expressed  in  the  term  Splemzation,  the  tissue 
resembling  that  of  the  spleen.  If  the  lung  be  incised  and  squ^ezed^^a 
frothy  fluM  mixed  with  blood  issues  from  the  cut  surface.  Exam  ned 
mto'scopically  it  is  seen  that  the  capillaries  are  distended  and  the  lung 
alveoli  occupied  by  serous  fluid. 
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Hypostasis  occurs  as  a  post-mortem  phenomenon,  and  this  must  be  borne  in 
mind  in  the  diagnosis  of  hypostatic  engorgement.  Even  in  cases  of  sudden  death 
from  accident  the  posterior  parts  of  the  lung  are  often  of  a  livid  colour  from  the 
blood  before  coagulation  having  gravitated  to  the  parts  of  the  lung  which,  in  the 
recumbent  position  of  the  body,  were  dependent. 

When  passive  hyperamia  and  oedema  have  persisted  for  a  time  they 
often  pass  into  a  condition  closely  allied  to  Inflammation.  Fibrine  and 
catarrhal  cells  are  present  in  the  lung  alveoli,  and  the  lung  tissue  be- 
comes more  and  more  consistent,  approaching  to  the  condition  of 
hepatization.  There  is  not,  however,  the  complete  condensation  of 
proper  pneumonia,  and  an  excess  of  fluid,  sometimes  of  a  thickish 
grumous  character,  exudes  from  the  cut  surface. 

(Edema  of  the  lungs  sometimes  occurs  without  hypersemia,  or  at 
least  with  very  little  evidence  of  the  latter  visible  post  mortem.  This 
admits  of  somewhat  ready  explanation  in  cases  of  Bright's  disease, 
where  it  is  related  to  the  general  tendency  to  oedema.  A  simple 
oedema  may  also  occur  in  consequence  of  multiple  fat  embolism  in  the 
lung.  In  other  cases  there  is  no  apparent  cause  other  than  failure  of 
the  heart,  and  the  absence  of  hypersemia  may  be  due  to  a  general 
anaemia  or  to  some  local  conditions  such  as  pleural  effusion. 

In  cases  of  simple  oed'ema  the  lungs  are  pale  and  look  bulky.  On 
incision  clear  frothy  fluid  exudes,  sometimes  in  large  quantity. 

Cohnheim  has  endeavoured  to  elucidate  the  pathology  of  oedema  of  the  lungs 
by  experiment  in  animals.  An  extreme  passive  hypersamia  may  be  produced  by 
paralyzing  the  left  ventricle,  while  the  right  ventricle  retains  its  full  powers. 
Cohnheim  supposed  that  a  weakening  of  the  left  ventricle  might  explain  the 
hypersemia  and  oedema  occurring  immediately  before  death.  This  explanation 
does  not  seem  to  the  author  to  be  a  likely  one.  Great  hyperfemia  exists  in  cardiac 
lesions,  produced  in  a  somewhat  similar  fashion  to  that  in  these  experiments, 
namely,  by  obstruction  on  the  left  side  of  the  heart,  without  any  oedema,  unless 
there  is  a  failure  in  the  cardiac  contractions.  It  seems  to  be  rather  the  extreme 
stagnation  of  blood,  which  such  failure  implies,  that  determines  the  asdema. 

Literature.— Bbabfoed,  Dean,  and  Lewis  {Pidm.  circulation),  Proc.  of  Eoy.  Soc, 
1889;  EoKiTANSKY,  Lehrb.,  iii. ;  Zenker,  Beitr.  z.  norm,  und  pathol.  Anat.  d. 
Lungen,  1862;  Cohnheim,  Allg.  Path.,  i.,  501,  1882. 

3.  Embolism  of  the  pulmonary  artery,— The  pulmonary  artery  is 
probably  more  liable  to  embolism  than  any  other  vessel.  The  embolus 
may  be  derived  from  thrombi  in  the  right  side  of  the  heart  or  in  the 
vems  :  it  may  consist  of  fat,  or  it  may  have  origin  in  tumours  or 
parasites  which  have  penetrated  the  veins. 

In  a  considerable  proportion  of  cases  the  hfemorrhagic  infarction 
results,  but  by  no  means  in  all  (see  p.  89).  In  the  case  of  Tat 
embolism  there  may  be  many  small  haemorrhages  with  oedema,  or 
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even  a  more  considerable  area  of  hsemorrhage.  (See  p.  92  and  Figs. 
27  and  519.) 

There  are  many  cases  of  pulmonary  embolism  without  any  development  of  the 
infarction,  and,  it  may  be,  without  any  pronounced  appearances  at  all.  If  the 
embolus  be  large  enough  to  obstruct  the  main  artery  of  the  lung,  then  there  can 
be  no  hiemorrhage,  as  the  whole  lung  is  cut  off  from  its  blood  supply  through  the 
pulmonary  artery.  When  smaller  branches  are  occluded,  the  infarction  may  be 
absent.  Cases  of  sudden  death  after  parturition  occur  from  embolic  obstruction 
of  the  lungs  without  any  infarction.    The  suddenness  of  death  in  some  of  these 


FiE  519  —Oil  or  fat  emboUsm  of  lung.  The  fat  occupies  the  smaUer  arteries  and 
extends  into  the  capillaries  which,  towards  the  right,  form  a  network  mjected  with 
oil.   (Thibrfelder.)    x  90. 

cases  seems  to  indicate  that  it  is  not  due  entirely  to  the  obstruction  in  the  lungs 
and  consequent  non-aeration  of  the  blood.  It  seems  rather  due  in  great  measure 
to  the  fact  that,  as  the  blood  is  prevented  from  reaching  the  left  ventricle  in 
sufficient  amount,  the  brain  and  medulla  oblongata  are  deprived  of  their  proper 
nourishment.  In  such  cases  the  right  ventricle  will  be  found  dilated,  while  the 
lungs  are  pale  and  probably  over-inflated  by  the  violent  but  inefiectual  respiratory 
efforts.  These  sudden  deaths  after  confinement  used  to  be  ascribed  to  shock 
before  Virchow  pointed  out  their  true  significance. 

4.  Pulmonary  haBmorrhage.— Hjemorrhage  occurs  in  the  lungs 
under  a  considerable  variety  of  circumstances  and  presents  many 
different  appearances. 

The  Hsemorrhagic  infarction  is  the  form  most  frequently  met  with 
after  death.  It  results  from  obstruction  of  the  pulmonary  artery,  and 
this  is  in  the  great  majority  of  cases  due  to  embolism,  but  in  a  few  may 
be  the  result  of  thrombosis.    In  cases  of  extreme  passive  hypera3mia, 
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there  may  be  such  stagnation  of  the  blood  in  the  pulmonary  artery  in 
some  parts  as  to  induce  coagulation,  but  this  is  very  rare. 

The  pulmonary  artery  in  itself  and  its  branches  is  an  end-artery,  but 
various  local  circumstances  frequently  interfere  with  the  formation  of  the 
infarction.  The  capillaries  of  the  lung  are  wide,  and  may  act  in  the 
same  way  as  anastomosing  vessels  so  as  to  keep  up  the  circulation  and 
prevent  engorgement.  In  addition,  the  bronchial  artery  nourishes  the 
lung  tissue  and  even  forms  communications  with  the  pulmonary  artery. 
The  infarction  is  least  likely  to  occur  wh,ere  the  affected  piece  of  lung 
tissue  is  completely  surrounded  by  lung  tissue  whose  capillaries  com- 
municate. The  existence  of  the  pleura  at  one  or  several  surfaces  will 
interfere  with  such  communication,  and  hence  the  infarction  is  more 
common  at  edges,  where  two  or  three  surfaces  are  covered  with 
pleura,  than  in  the  substance  of  the  lung  or  at  its  lateral  and  posterior 
aspects. 

The  observation  of  Pitt  confirms  these  statements  in  so  far  that  blocking  of 
the  pulmonary  artery  is  frequent  without  the  occurrence  of  the  hsBmorrhagic  in- 
farction. This  author  asserts,  in  opposition  to  Cohnheim,  that  thrombosis  of  the 
pulmonary  artery  is  a  frequent  lesion. 

The  hsemorrhagic  infarction  presents  itself  as  a  limited  piece  of  con- 
densed lung  tissue,  which  may  be  often  recognized  by  its  dark  colour 
seen  through  the  pleura,  but  is  more  easily  discovered  by  handling  the 
lung,  when  the  solid  mass  is  readily  detected.  It  is  more  or  less 
wedge-shaped,  the  base  being  at  the  surface.  It  is  usually  peripheral 
and  most  frequently  at  an  edge  of  the  lung  (see  Fig.  520).  It  presents 
great  varieties  in  size  up  to  nearly  half  the  lung,  but  it  is  most 
commonly  of  moderate  dimensions.  When  recent,  the  infarction 
looks  on  section  like  a  recent  blood  clot,  and  has  almost  a.  similar 
smooth  surface,  from  which  circumstances  the  term  Pulmonary 
apoplexy  used  to  be  given  to  the  condition  from  the  analogy  of 
hseraorrhage  in  the  brain,  which  produces  cerebral  apoplexy.  As 
time  goes  on  the  colour  merges  into  brown,  and .  the  appearance 
may  come  to  resemble  that  of  red  hepatization.  As  blood  fills  the 
air  spaces  the  piece  of  lung  is  more  bulky  than  that  surrounding 
ifc.  The  infarction,  therefore,  is  often  seen  as  a  rounded  bulging 
beneath  the  pleura,  or,  when  the  lung  is  divided  it  stands  at  a  higher 
level  than  the  surrounding  tissue.  The  pleura  over  the  infarction  is 
usually  covered  with  a  layer  of  fibrinous  exudation  of  a  yellow  colour, 
and  the  pleural  cavity  contains  fluid,  often  in  considerable  quantity. 

Search  should  always  be  made  for  the  obstruction  in  the  artery. 
The  arteries  in  the  infarction  itself  may  be  filled  with  coagulum,  but 
the  plugging  generally  extends  beyond  its  apex,  the  actual  embolus 
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being  usually  some  little  distance  on  the  proximal  side  of  the  infarction. 
(Fig.  520.)  An  endeavour  should  also  be  made  to  find  the  source  of 
the  embolus. 

Under  the  microscope,  the  affected  parts  of  the  lung  show,  as  in  Fig. 
521,  an  enormous  aggregation  of  red  blood-corpuscles  in  the  lung  alveoli 
and  finer  bronchial  tubes,  with  distension  of  the  pulmonary  capillaries. 


Pig.  520.— Three  hsemorrliagic  infarctions  of  the  lung,  showing  the  obstructed 
arteries  on  section. 

The  absolute  filling  out  of  the  alveoli  with  blood  to  the  entire  exclusion 
of  air  indicates  that  there  has  been  a  leakage  from  the  capillaries  gradu- 
ally filling  up  the  alveoli  and  expelling  the  air.  There  is  usually  hardly 
a  trace  of  fibrine  to  be  seen,  merely  red  blood-corpuscles  which  have 
escaped  by  diapedesis,  and  some  catarrhal  cells.  Such  cells  are  nearly 
always  present,  the  blood  irritating  the  epithelium  and  inducmg 
their  production. 

If  the  patient  live  for  some  time  after  the  occurrence  of  the  mfarction 
certain  changes  occur  in  it,  but  there  are  few  actual  observations  beanng 
on  this  point.  A  case  observed  post  mortem  by  the  author  gave 
definite  indications  as  to  the  course  of  events.  The  symptoms  dunng 
Ufe  indicated  the  formation  of  an  infarction  months  before  death,    i  he 
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conditions  observed  were  those  of  partial  recovery  from  the  lesion. 
The  pulmonary  tissue  was  .brown  and  partly  condensed  in  a  limited 
area.  The  artery  supplying  this  area  showed  a  plug  consisting  of 
connective  tissue  formed  by  the  process  of  organization  described  at 
p.  83.  The  circulation  had  been  partly  restored  by  this  process.  It 
is  apparent  from  this  observation  that  in  some  cases  the  infarction 


^21.— From  a  hajmorrhagic  infarction  of  the  lung.  The  alveolus  is  fiUed  with 
red  Wood-corpuscles,  with  one  or  two  large  cataiThal  ceUs.  In  the  waU  of  the  alveolus 
the  capillaries  are  greatly  distended  with  blood.    X  350. 

clears  away ;  the  blood  is  discharged  by  expectoration,  and  the  circula- 
tion is  re-established,  but  the  portion  of  lung  is  unduly  pigmented. 
In  other  cases  the  portion  of  lung  gradually  shrinks,  and  the  ultimate 
result  is  a  pigmented  induration.  Indurations,  probably  of  this  origin, 
are  not  infrequently  met  with  in  cases  of  valvular  disease.  In  other 
cases,  again,  the  portion  of  lung  tissue  dies  and  sloughs,  so  that  a  cavity 
forms.  Sometiiiies  the  slough  decomposes,  and  we  have  all  the  features 
ot  gangrene  of  the  lungs.  It  may  seem  strange  that  necrosis,  which  is 
the  regular  result  in  other  organs,  is  not  of  more  constant  occurrence  in 
the  lungs.  It  is  to  be  remembered,  however,  that  the  lung  tissue  in 
the  midst  of  the  infarction  is  still  nourished  by  the  bronchial  artery, 
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and  that,  while  the  capillaries  and  actual  walls  of  the  alveoli  may  die, 
the  interlobular  connective  tissue  may  survive,  and  may  even  use  the 
necrosed  tissue  as  pabulum. 

Conditions  resembling  in  general  and  microscopic  appearances  the 
hsemorrhagic  infarction  occur  in  extreme  cases  of  passive  hypergemia. 
This  is  not  surprising  as  the  infarction  is  itself  the  result  of  stagnation 
of  blood.  But  the  hsemorrhagic  condensations  produced  by  passive 
hypersemia  have  not  the  locality  or  limitation  of  the  proper  infarction. 

There  are  also  haemorrhages  in  scurvy,  haemophilia,  hsemorrhagic 
small-pox,  etc.  Haemorrhage  is  very  frequent  in  phthisis  pulmonalis, 
as  will  be  subsequently  described.  It  is  asserted  also  that  there  may 
be  rupture  of  a  branch  of  the  pulmonary  artery  from  fatty  degeneration 
of  its  walls,  as  we  may  have  haemorrhage  in  the  brain  from  atheroma, 
but  this  is  excessively  rare. 

Haemorrhage  is  not  uncommon  from  Tearing  or  Rupture  of  the 
lung,  by  a  penetrating  instrument  or  a  broken  rib.  The  blood  in  this 
case  will  partly  escape  into  the  pleura,  but  it  will  also  collect  in  the 
cavity  torn  in  the  lung  and  infiltrate  neighbouring  parts  of  the  paren- 
chyma. According  to  Eokitansky  blood  thus  effused  may  be  encap- 
suled  and  subsequently  infiltrated  with  lime  salts  like  a  foreign  body. 

When  the  haemorrhage  is  from  the  bronchial  mucous  membrane  or 
the  lung  alveoli,  then  it  appears  in  the  sputum.  To  some  extent, 
however,  the  blood  remains  in  the  air  passages,  and  if  it  be  in  consider- 
able quantity  it  may  even  be  carried  by  Insufflation  into  the  lung 
alveoli.  The  blood,  in  this  case,  is  mixed  with  air,  and  there  is  no  such 
condensation  as  that  which  occurs  in  the  hsemorrhagic  infarction.  In 
the  lung  alveoli  the  blood  acting  as  a  foreign  body  irritates  the  tissue 
and  a  catarrhal  inflammation  may  result.  In  such  cases  large  catarrhal 
cells  occupy  the  alveoli  abundantly  wherever  the  blood  has  penetrated, 
and  these  cells  may  be  deeply  stained  with  the  colouring  matter  of  the 
blood. 

Literature.— Eokitansky,  Lehrb.,  iii. ;  Zenkeb,  Beitr.,  zur  norm.  u.  path.  Anat.  d. 
Lungen,  1862;  Heetz,  in  Ziemssen's  Handb.,  v.  ;  Cohnhbim,  Allg.  Path.,  1882,  i., 
501;  Geehardt,  Volkmann's  lectures  (Syd.  Soc.  transl.),  1876,  2nd  ser.,  p.  261; 
Pitt,  Path.  Trans.,  xliv.,  1893;  Fujikami,  Virch.  Arch.,  clii.,  1898;  Scbiba  (Fat 
Embolism),  Deut.  Zeitsch.  f.  Chirurgie,  1879,  B.  xii.,  §110  (literature). 

VI.— INFLAMMATIONS  OF  THE  LUNG. 
The  inflammations  of  the  lung  vary  considerably  according  to  cause, 
distribution,  and  the  structures  specially  aff"ected.    The  irritant  which 
leads  to  the  inflammation  may  have  its  seat  primarily  in  the  bronchi, 
in  the  lung  alveoli,  or  in  the  pulmonary  arteries.    In  the  first  case  it 
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will  probably  happen  that  the  agent  will  affect  certain  bronchi  and 
their  connected  alveoli  so  as  to  produce  a  Lobular  distribution.  In 
the  second  case  there  may  be  a  general  diffusion  over  a  wide  tract 
of  lung,  such  as  a  whole  lobe  or  more,  so  as  to  give  a  Lobar  dis- 
tribution, whilst  in  the  third  case  there  is  likely  to  be  an  Embolic 
distribution. 

The  character  of  the  inflammation  will  depend  on  the  nature  of  the 
irritant  as  well  as  on  its  distribution.  We  have  acute  inflammations, 
with  excessive  exudation,  sometimes  going  on  to  suppuration ;  and  we 
have  chronic  inflammati  ons  with  new-formation  of  connective  tissue. 
We  have  also  inflammations  mainly  affecting  the  lining  membranes  of 
bronchi  and  alveoli,  and  others  involving  the  deeper  structures.  In 
nearly  all  inflammations  the  epithelium  of  the  alveoli  is  more  or  less 
mvolved.  In  acute  inflammations  it  is  soon  shed,  while  in  the  chronic 
forms  it  proliferates  and  yields  large  cells  (catarrhal  cells)  which  may 
accumulate  in  the  alveoli. 

The  chief  forms  of  inflammation  may  be  considered  under  four 
headings,  namely,  acute  lobar  pneumonia,  acute  broncho-pneumonia, 
embolic  pneumonia,  and  chronic  or  interstitial  pneumonia.  In  phthisis 
pulmonalis  many  of  the  lesions  are  inflammatory,  but,  as  we  have  here 
a  true  tuberculosis,  the  inflammatory  manifestations  will  be  considered 
along  with  the  tubercular. 

1.  Acute  lobar  pneumonia  (Crozipous  j>neumonia).~This  is  essentially 
a  disease  of  the  lung  alveoli,  and  the  most  prominent  feature  is  an 
derived""  ^'""'^  ^^''^         "''"'^  croupous  pneumonia  is 

Bacteria  of  pneumonia—Pneumonia  is  caused  by  virulent  patho- 
genic bacteria,  but  the  same  microbe  is  not  always  the  infective  agent 
In  some  cases  of  secondary  pneumonia,  the  ordinary  pyogenic  micrococci 
have  been  found,  but  m  primary  cases  one  or  other  of  two  distinct 
forms  can  m  the  great  majority  of  cases  be  detected.  These  are  the 
Diplocoecus  or  Pneumococcus  of  Fraenkel,  and  the  Pneumococcus,  or 
fZd  in  st"  ^^t.^r-'^bacillus,  of  Friedlander.  Weichselbaum 
tound,  m  83  cases,  the  former  54,  and  the  latter  6  times 

CO  ct  ThT"'°°'"?' JJ'''^''  Diplocoecus  pneumonia.  Capsule- 
coccus._Th IS  microbe,  the  pathogenic  characters  of  which  were  first 
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It  has  the  form  of  a  slightly  elongated  coccus,  and  generally  two  are 
united  together  (Diplococcus) ;  sometimes  it  occurs  in  longer  chains. 
When  found  in  the  animal  body  it  is  surrounded  by  a  capsule  (see 
Fig.  522),  but  in  cultures  it  loses  this.  It  is  readily  stained  by  ordinary 
aniline  .  dyes,  and  when  so  treated  the  capsule  appears  as  a  faintly 

coloured  halo  around  the  microbe. 
The  microbe  stains  by  Gram's 
JB    "  method,  but  its  capsule  is  not 

JfL       m  visible.    It  is  readily  cultivated 

/  .  4^        ^      on  nutrient  media,  but  requires 

/  A  ^ft  •     a  temperature  over  22"  C,  and 

grows  best  at  35°  C;  The  cul- 
tures quickly  lose  their  virulence 


9^         tf^  IP       and  readily  die. 

^  ^    .  The  microbe  is  highly  virulent 

in  rabbits,  less  so  in  mice  and 
guinea-pigs.    If  cultures  are  sub- 
cutaneously    injected    into  a 
'~^^-~7^     ,  4..    .  rabbit   an  acute  febrile  disease 

Fig.  522.— Capsule-coccus  from  exudation  mease      Iduuiu,   cm  a.^^ 

of  lepto-meningitis.  x  about  1000.  produced,  of  which  the  animal 

dies  in  one  or  two  days.    The  capsule-coccus  is  found  in  enormous 

numbers  in  the  blood. 

Immunity  has  been  produced  in  rabbits  in  various  ways,  as  by 
iniection  of  the  toxins,  and  the  blood  serum  is  stated  to  confer 
immunity  on  other  animals.  The  blood  serum  of  patients  who  have 
recovered  from  pneumonia  confers  a  transient  immumty  on  rabbits 

An  exceedingly  interesting  fact  is  that  the  Sputum  of  healthy 
persons  frequently  contains  the  capsule-coccus.  The  secretion  ot  the 
mouth  in  such  persons  when  inoculated  subcutaneously  in  rabbits  pro- 
duces the  regular  form  of  disease  (Sputum-septicsemia). 

(b)  Bacillus  pneumonia.  Friedlander's  Pneumococcus  or  Pneumo- 
baci  Ius.-This  somewhat  resembles  the  former,  but  l«"gf^^' 
hence  is  a  bacillus.  It  also  possesses  a  capsule,  but  only  -^en  obt-ed 
in  the  living  body.  It  is  non-motile.  It  grows  on  the  ordinary  culture 
It,  nd'doesL  require  a  temperature  above  that  of  an  ordinary 
room.  In  this  respect  it  differs  from  the  diplococcus,  as  well  as  m  the 
fact  that  it  does  not  stain  by  Gram's  method. 

It  is  not  pathogenic  in  rabbits,  forming  tHus  -  /-^^S  ^^J^ 
to  the  capsule-coccus.    It  is  pathogenic  m  mice  and  dogs,  less  so 

'ThTbtmus  of  Rhino-scleroma,  as  we  have  seen  (p.  817),  closely 
res^mbll  1  bacU^^^  pneumoni.  of  FriedUinder,  and  like  it  possesses 
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a  capsule.  In  its  appearance  in  cultures  and  ijathogenic  relations  to 
animals,  it  is  virtually  identical  with  the  bacillus  of  pneumonia,  and 
is  probably  a  variety  of  the  latter. 

Causation. — Certain  forms  of  microbes,  of  which  the  diplo- 
coccus  of  Fraenkel  is  the  chief,  are  the  active  agents  in  pneumonia. 
These  microbes  are  often  present  in  enormous  numbers  in  the  exudation 
contained  in  the  lung  alveoli.  The  fact  that  the  diplococcus  is  fre- 
quently present  in  the  normal  sputum,  and  consequently  in  the  lung, 
points  to  the  existence  of  other  contributing  causes.  It  is  probable 
that  certain  conditions,  such  as  exposure  to  cold  or  a  preceding  attack 
of  true  influenza,  may  aid  the  specific  microbe  and  enable  it  to  overcome 
the  resistance  of  the  tissues. 

Pneumonia  is  to  be  regarded  as  one  of  the  acute  specific  fevers  in 
which  the  infective  agent  has  a  local  seat.  The  lungs  present  the 
more  direct  effects  of  the  agent,  but  the  general  febrile  disturbance  is 
clinically  the  more  important  part  of  the  phenomena.  The  fever  has  a 
distinct  periodicity,  and,  consistently  with  this,  there  is  an  antitoxin 
produced,  which  has  the  power  of  conferring  immunity  (see  pp.  146,  147). 

Many  epidemics  of  pneumonia  have  been  observed  in  various  quarters  of  the 
globe  (see  Hirsch).  It  is  an  interesting  fact  that  occasionally  epidemic  outbreaks 
of  fever  of  peculiar  and  unusual  characters  have  been  associated  with  acute 
pneumonia.  Amongst  these  may  be  mentioned  an  epidemic  which  occurred  in 
an  industrial  school  in  Glasgow,  which  in  some  of  the  earlier  cases  caused  death 
withm  twenty-four  hours  of  the  onset,  and  which,  in  many  of  the  cases  which 
hved  for  a  longer  period  or  survived,  was  accompanied  by  a  typical  pneumonia 
This  epidemic  could  not  be  referred  to  any  of  the  recognized  forms  of  fever  (see 
Eussell).  Strain  has  also  described  an  ei,idemic  of  pneumonia  in  South  America 
and  Stevenson  in  India. 

The  disease  is  an  acute  inflammation,  and  as  the  lung  alveoli 
possess  merely  a  single  layer  of  pavement  epithelium  which  is  soon 
desquamated,  the  inflammation  resembles  that  of  serous  rather  than  of 
mucous  membranes.  As  in  the  former  we  have  here  a  fibrinous 
exudation,  and,  though  this  occurs  primarily  and  mainly  in  the  alveoli, 
the  fibrme,  as  we  shall  see,  generally  extends  to  the  finer  bronchi 
formmg  casts  of  them.  ' 

Pneumonia  is  divisible  into  several  stages,  which,  however,  to  some 
extent  merge  mto  each  other. 

In -the  first  stage,  that  of  Engorgement,  there  is  an  active  inflam- 

ITLnZioT::: '  ^?  "P"^^""  ^^^^"^  -j'-^^d'  there 
he  affected       .   ''Tf  ^^'^  the  naked  eye 

secSn  ;    Vr  I         ""^^^''"^  '""'^^'^  ^  pit  behind.  On 

-ct,on  a  reddish  serum  flows  out,  and  the  tissue  does  not  crepitat 
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under  the  knife  so  much  as  in  the  natural  state.    This  state,  from  the 
resemblance  of  the  cut  surface  of  the  diseased  lung  to  the  spleen,  has 
been  called  Splenization.    So  far  as  the  merely  anatomical  condition  is 
concerned  the  lung  is  very  much  in  the  same  state  as  in  passive 
hypergemia  and  oedema,  to  which  also  the  term  splenization  is  applied. 
In  pneumonia,  however,  the  splenization   is  not  localized   in  the 
dependent  parts,  but  it  affects  a  definite  region  of  lung,  generally  the 
lower  lobe  as  a  whole,  along  with,  perhaps,  a  portion  of  the  upper. 
Like  other  inflammatory  exudations,  the  serous  fluid  contains  leucocytes 
and  also  red  blood-corpuscles,  sometimes  in  large  numbers.    As  the 
alveoli  are  filled  with  serous  fluid,  the  air,  bubbling  in  and  out  among 
the  fluid  during  respiration,  produces  the  fine  crepi- 
tation which  is  the  characteristic  auscultatory  sign  of 
this  stage. 

In  the  second  stage,  that  of  Red  hepatization, 
we  have  fibrine  deposited  in  the  alveoli.  In  conse- 
quence a  coagulum  (Fig.  523)  comes  to  occupy  the 
lumen  of  the  vesicles  and  infundibula,  instead  of 
the  mixture  of  serous  fluid  and  air  which  is  present 
in  the  first  stage.  The  coagulum.  like  the  fluid, 
contains  abundant  leucocytes  and  some  red  corpus- 
cles, the  former  often  so  abundantly  as  almost  to 
Fig.  523. -Cast  of  a  conceal  the  fibrine.   The  fibrine  may  be  detected  as 

small  bronchus,  infun-    ^^^^^'^'^"^  "  „  .        ,     .         r-i,         /!?•  K.o,l\ 

dibuia,  and  air  vesicles      coarse  network  of  mterlacmg  fibres  (J^ig.  o-^*;- 

in  pneumonia.      x  41).  •  i,  +1,  come 

(CoRNiLandRAKviER.)  rj^^Q  capillaries  of  the  lung  are  in  much  tne  same 
state  of  over-distension  as  in  the  first  stage  ;  the  lung  parenchyma  is 

little  altered.  pit 

On  microscopic  examination  of  an  ordinary  section  of  the  lung  m 
this  stage  the  lung  alveoli  are  found  to  be  occupied  by  sohd  plugs,  to 
the  entire  exclusion  of  the  air,  as  in  Fig.  525.  On  closer  examination 
of  an  unstained  section,  or  by  means  of  special  staining,  the  fibrme  will 
be  detected  as  in  Fig.  524.  . 

The  red  corpuscles  are  present  in  the  alveoli  m  very  varying  propor- 
tion They  are  never  entirely  absent,  but  they  form  generally  the 
minority  of  the  total  cells  present;  in  some  cases  they  are  equal  to  tbe 
leucocytes,  in  some  more  abundant.    In  very  rare  cases  are  so 

abundLt  ihat  the  exudation  has  more  the  character  of  -  o.^d^^;  ^ 
than  of  a  fibrinous  exudation.    In  these  latter  cases,  ^^bich  may  be 
described  as  Hemorrhagic  pneumonia,  the  lung  as  a  whole  oi  m  par 
has  a  deep  red  colour.    These  are  mostly  very  severe  ^^^^^^ 
a  previous  state  of  debility  in  the  patient  very  ^^^f  J/^^^^^^^^^^^^ 
alcoholic  excess.    In  accordance  with  this  exudation!  of  red  blood 
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corpuscles  we  have,  in  this  and  in  the  preceding  stage,  the  rusty  tinge 
of  the  sputum  which  is  characteristic  of  pneumonia. 


Fig.  524. — A  luug  alveoliLs  in  acute  pueumouia. 


The  appearance  of  the  king  in  this  stage  is  somewhat  different  from 
that  in  the  first.    It  retains  its  red  colour,  both  from  the  continuance 


The  latter  are  coated  with  fibrt1,t;'[^;"';.S' J.J^t^  pleuS^P^'^^x  to"'"'" 

Of  the  congestion  of  the  capillaries  and  from  the  red  corpuscles  in  the 
exudation,  but  xt  is  now  much  firmer  and  heavier-it  does  not  crepitate 
under  the  knife  or  finger,  and  it  sinks  in  water-no  air  being  any 


870 


THE  LUNOS. 


longer  contained  in  the  vesicles.  On  section  from  a  sound  part  into  a 
hepatized  part,  it  is  ol)served  that  the  latter  remains  on  a  level  while 
the  sound  part  sinks  away,  so  that  the  diseased  part  appears  enlarged. 
Even  on  external  examination  the  atfected  part  of  the  lung  looks  bulky, 
and  on  closer  examination,  the  cut  surface  has  not  the  homogeneous 
velvety  character  of  the  lung  in  splenization,  but  a  coarse  granular 
appearance.  This  is  more  readily  seen  on  tearing  the  tissue  and 
examining  the  torn  surface  with  a  lens.  The  granulations  thus  brought 
out  are  undoubtedly  the  plugs  of  fibrine  with  corpuscles  which  till  the 
air  vesicles.  On  stroking  the  cut  surface  with  the  blade  of  the  ktiife 
casts  of  the  vesicles  and  infundibula  may  be  obtained  (as  in  Fig.  523). 
The  finer  bronchial  tubes  when  laid  open  are  generally  found  to  contain 
casts  of  soft  fibrine,  as  if  the  exudation  had  overflowed  from  the  alveoli 
into  them.  The  appearance  of  a  section  of  such  a  lung  has  been  com- 
pared, from  its  solid  character,  granular  surface,  and  colour,  to  that  of 
the  liver,  hence  the  name  hepatization  applied  to  this  stage. 

The  solidified  lung  is  a  much  better  conductor  of  sounds  than  a  lung 
filled  with  air  ;  hence,  during  life,  we  hear  the  sounds  of  the  trachea 
and  bronchi  much  more  distinctly  than  usual :  it  is  almost  as  if  one 
put  the  stethoscope  over  the  trachea  itself. 

The  third  stage,  that  of  Grey  hepatization,  develops  naturally  out  of 
the  second.    In  the  earlier  periods  red  corpuscles  are  exuded  largely, 
except  in  cases  of  a  haimorrhagic  kind  the  white  very  much  prepon- 
derate, but  especially  in  the  later  periods.    The  leucocytes  swarming 
into  the  alveoli  cUstend  them  more  and  more.    The  additional  material 
in  the  vesicles  also  causes  pressure  to  be  exercised  on  the  capillaries, 
which  are  thereby  emptied.     In  this  way  we  have,  instead  of  the 
previous  hypertemia,  an  anaemia  of  the  tissue.    In  accordance  with  the 
smaller  number  of  red  blood-corpuscles  and  the  presence  of  an  additional 
number  of  colourless  cells,  the  colour  of  the  tissue  is  changed.  It 
retains  the  firm  character,  and  the  granular  appearance  of  the  previous 
stage,  but  the  colour  is  grey  (see  Fig.  526).    The  pigment  of  the  lung 
intermixed  with  the  white  colour  of  the  multitudinous  cells  gives  the 
appearance  which  has  been  aptly  described  as  marbled.    When  pneu- 
monia develops  in  a  lung  the  seat  of  emphysema  the  appearances  above 
described  are  often  very  well  marked  (see  Fig.  527). 

It  is  not  to  be  supposed,  however,  that  during  life  the  vessels  are  empty    It  is 
alwa  s  possiUe  to  Sect  the  vessels  after  death,  and  during  h  e  no   ou  t  thejo 
nf  thP  heart  is  sufficient  to  keep  up  the  circulation.    We  are,  theiefoie,  scaiceiy 
:va"n  saj^ng  that  the  grey  colour  of  this  stage  is  anything  but  a  post-n.orten. 
appearance. 

In  the  last  stage,  that  of  Resolution,  the  lung  returns  to  its  normal 
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condition.  The  cells  and  fibrine  in  the  air  vesicles  undergo  fatty  de- 
generation, and  the  plugs  soften.  Even  in  the  stage  of  grey  hepatization 
the  leucocytes  and  fibrine  have  begun  to  undergo  fatty  degeneration, 
and  this  process  advances  in  the  stage  of  resolution.  The  fatty 
degeneration  and  disintegration  of  both  cells  and  fibrine  result  in  the 


Fig.  .526.— Grey  liepatizatiun  of  tlio  lower  lobo  of  the  loft  luug. 

conversion  of  the  exudation  into  an  emulsion  which  fills  the  alveoli, 
and,  having  a  yellow  or  greyish-brown  turbid  appearance,  resembles 
pus  in  its  naked-eye  appearances. 

_  The  lung  is  still  solid,  still  sinks  in  water,  but  its  firmness  is  gone  • 
Its  surface  is  pale,  yellowish,  or  greyish  red ;  it  has  lost  the  granular 
appearance,  and  a  greyish,  dirty  fluid  oozes  out,  which  makes  the 
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surface  so  slippery  that  a  small  portion  is  with  difficulty  lifted  or  held 
in  the  fingers.  The  tissue  is  also  extremely  soft,  and  readily  tears 
under  manipulation.  In  removing  such  a  lung  from  the  body,  unless 
care  is  exercised,  pressure  of  the  fingers  may  rupture  the  tissue,  and 
as  the  pus  or  emulsion  flows  into  the  cavity  it  may  give  rise  to  the 
appearance  of  abscesses  in  the  midst  of  the  lung. 


Fig.  527.-Acuto  pneumonia  in  the  stage  of  grey  hepatiication  in  an  emphysematous  lung. 

The  softened  exudation  is  now  in  a  condition  to  be  disposed  of,  and 
this  is  done  partly  by  expectoration,  but  chiefly  by  absorption.  The 
exudation  must  have  been  thoroughly  softened  before  it  will  make  its 
way  through  the  narrow  neck  of  the  infnndibulum  into  the  bronchus, 
and  the  fatty  emulsion  is  for  the  most  part  absorbed.  It  is  remarkable 
how  rapidly  an  extensive  exudation  in  the  lung  may  be  disposed  of. 
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Sometimes,  in  the  course  of  four  or  five  days  from  the  crisis  of  a  pneu- 
monia, the  physical  signs  will  indicate  an  approach  to  complete  disposal 
of  the  exudation  and  return  of  air  to  the  alveoli,  and  this  may  be  almost 
entirely  by  absorption,  little  expectoration  occurring  in  the  interval. 
In  some  cases,  however,  expectoi-ation  materially  aids  in  the  disposal 
of  the  exudation. 

After  the  infundibula  and  vesicles  are  emptied  the  blood  returns  in 
full  force  into  the  capillaries.  Instead  of  the  anaemia  we  have  indeed  a 
hypersemia,  for  the  tissue  has  been  weakened  by  the  inflammation,  and 
is  less  able  to  resist  the  blood-pressure  than  formerly.  It  should  be 
remembered  in  practice  that  the  lungs  of  a  pneumonic  patient  take 
some  time  to  recover  from  the  effects  of  the  inflammation,  and  great 
exertion  during  convalescence  should  be  warned  against,  till  the  tissue 
has  recovered  its  tone. 

Purulent  infiltration  is  a  termination  of  pneumonia  which  is  rarely 
met  with  as  compared  with  resolution.  In  some  cases,  instead  of  the 
inflammation  ceasing,  it  goes  on  in  its  acute  form,  and  leucocytes 
continue  to  be  exuded.  In  this  case,  when  the  fibrine  breaks  down, 
its  place  is  taken  by  pus,  and  a  true  purulent  infiltration  occurs.  The 
condition  somewhat  resembles  that  present  while  resolution  is  in  pro- 
gress, the  fatty  emulsion  in  that  case  resembling  pus  in  its  naked-eye 
characters. 

The  purulent  infiltration  in  some  cases  results  in  Abscess,  of  which 
there  may  be  several  present.  There  may  be  rupture  of  a  considerable 
vessel  m  the  wall  of  such  an  abscess  and  profuse  hfemorrhage.  The 
abscess  may  subsequently  burst  into  a  bronchus  or  the  pleura,  in  the 
latter  case  producing  empyema,  and  perhaps  pneumothorax. 

Another  unfortunate  result  which  sometimes  occurs  is  Gangrene  of 
the  lung.    This  is  mostly  met  with  in  the  hemorrhagic  form  and  in 
drunkards,  but  it  may  occur  where,  in  addition  to  pneumonia,  there  is 
a  bronchiectatic  cavity  with  decomposing  contents 
folWstir'  '''''^^  pneumonia,  the  description  of  which 

The  Pleura  always  takes  part  more  or  less  in  the  inflammation  of 
e  lung  (see  Fig.  525).    The  pleural  surface  of  the  inflamed  portion 
of  the  lung  IS  coated  with  a  white  fibrinous  exudation,  which  is  some- 
ixnes  of  considerable  thickness.     There  is  rarely  any  considerable 

with  the  solid  exudation  fills  the  cavity,  and  by  its  pressure  prevents 

^f  X  Pnel^r'"'  ^"P^^"^  ^^^^  -ft-'  the  resolution 

the  pneumonia.    In  some  cases  the  inflammation  extends  to  the 
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pericardium,  on  the  surface  of  which  there  may  be  a  slight  fibrinous- 
exudation. 

When  resolution  occurs  the  pleurisy  will  become  chronic  and  the 
fibrinovis  exudation  will  be  gradually  absorbed.  The  result  will  usually 
be  coalescence  of  the  two  pleural  surfaces,  i.e.  adhesion  of  the  pleura. 

Pneumonia  being  an  acute  febrile  disease,  produces  secondary 
changes  in  the  organs  of  the  body  resembling  those  in  acute  specific 
fevers.  There  is  commonly,  but  not  always,  enlargement  of  the  spleen. 
The  liver  is  usually  enlarged,  and  shows  parenchymatous  infiltration. 
Herpes  of  the  lips  is  very  frequent,  this  condition  being  probably 
due  to  the  action  of  the  toxin  on  the  nerve  stems  concerned. 

In  some  cases  of  pneumonia  the  connective  tissue  of  the  mediastinum  and  sub- 
pleural  tissue  are  the  seats  of  inflammatory  cedema,  which  may  extend  to  the  loose 
tissue  between  the  oesophagus  and  trachea,  up  to  the  retropharyngeal  tissue,  the 
soft  palate,  the  tonsils,  and  even  to  the  nares.  Sometimes  this  inflammation 
assumes  a  phlegmonous  character.  This  probably  occurs  by  propagation  of  the 
specific  microbe  in  these  loose  tissues  (Weichselbaum). 

2.  Acute  broncho-pneumonia  (Catarrhal  pneumonia,  Capillary  bron- 
chitis).—This  disease  occurs  most  frequently  in  children,  and  is  in  them, 
as  in  adults,  associated  with  catarrh  of  the  finer  bronchi.  The  bronchi 
are  first  affected,  and  so  it  may  be  said  that  the  pneumonia  springs  out 
of  a  Capillary  bronchitis,  the  tubes  affected  being  those  of  the  finest 
calibre.  In  a  large  proportion  of  cases  the  bronchitis  originates  in 
measles,  or  it  results  from  diphtheria,  small-pox,  or  whooping-cough. 
In  adults  it  may  follow  typhoid  or  other  infectious  fever,  or  it  may  be 
the  result  of  the  inhalation  of  irritating  gases.  In  influenza  broncho- 
pneumonia is  very  common,  and  in  some  cases  may  lead  to  gangi-ene 
of  the  lung. 

It  may  be  noted  that  an  ordinary  bronchial  catarrh,  such  as  was 
described  in  the  section  on  bronchitis,  seldom  goes  on  to  a  catarrhal 
pneumonia,  but  that  for  the  most  part  the  latter  is  due  to  the  existence 
of  some  special  irritant  such  as  the  virus  of  measles. 
•  As  the  disease  begins  in  the  bronchial  tubes,  and  is  propagated  to 
the  luno-  tissue,  it  follows  in  its  distribution  the  arrangement  of  the 
bronchial  tubes ;  that  is  to  say,  it  occurs  in  a  lobular  form,  hence 
the  name  Lobular  pneumonia  which  is  frequently  used.  Although  the 
disease  is  thus  primarily  lobular,  it  is  clear  that  it  will  often  occur  m 
several  neighbouring  lobules,  and  so  a  considerable  tract  of  lung  may 

be  involved.  ,  . 

The  inflammation  manifests  itself  by  the  production  of  an  ex^udation 
mingled  with  cells,  so  that  the  fine  bronchi  and  the  connected  alyeoh 
become  filled.    There  is  thus  brought  about  a  lobular  condensation. 
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The  cells  produced  are  partly  leucocytes  and  partly  catarrhal  cells,  the 
derivatives  of  the  epithelium  (see  Fig.  528).  The  proportion  of  each 
of  these  will  depend  somewhat  on  the  acuteness  and  nature  of  the 
irritant,  but  in  acute  cases  each  minute  bronchus  will  often  contain 
a  small  drop  of  pus.  In  addition  to  these  cells  fibrine  and  red  blood- 
corpuscles  ai'e  frequently  present  in  the  lung  alveoli.  The  affected 
pieces  of  lung  are  firm  and  reddish  brown  or  grey,  and  on  the  cut 
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surface  stand  above  the  general  level.  Even  when  a  considerable 
district  IS  affected  the  lobular  appearance  is  usually  visible 

As  the  disease  begins  in  a  catarrh  of  the  finer  bronchi,  there  is  often 
collapse  of  the  corresponding  portion  of  lung  even  before  any  actual 
inflammatory  process  has  occurred.  The  obstruction  of  the  tubes  with 
tough  secretion  sufficiently  accounts  for  this  collapse  (see  p.  847)  It  is 
a  lobular  collapse,  and,  as  seen  from  the  surface,  areas  of  larger  or 
smaller  size  are  depressed  and  of  a  bluish  red  colour.  These  are  mostly 
ho  Inn"  'I'  ^""^  P^^^^"^''       inferior  parts  of 

ave  m^ph/ra  "  "^"""^      ''''  ^ 
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The  inflammation  does  not  confine  itself  to  the  bronchi  and  alveoli, 
but  may  extend  to  the  connective  tissue  of  the  lung  generally.  In 

■such  cases  the  exudation  in  the  bronchi  is  composed  of  leucocytes,  and 
cells  of  a  similar  character  infiltrate  the  bronchial  wall  and  neighbouring 
structures,  the  bronchi  evidently  forming  centres  of  irritation. 

In  many  cases  Acute  pleurisy  accompanies  the  process  in  the  lung. 

The  inflammatory  products  in  the  air  vesicles  may  after  a  time 
undergo  fatty  degeneration,  break  down,  and  be  discharged,  some  part 
of  them  being  probably  absorbed  by  the  lymphatics.  In  some  cases, 
however,  the  result  is  not  in  every  part  of  the  lung  so  fortunate.  For 
■one  thing,  the  collapsed  portions  may  remain  uninflated,  and,  as  con- 
siderable tracts  of  lung  may  be  affected,  marked  shrinking  of  the  lung 
and  deformity  may  result.  Or,  again,  the  catarrh  may  become  chronic, 
and,  being  associated  with  an  interstitial  inflammation,  result  in  a 
permanent  induration,  the  alveoli  being  encroached  on  by  the  growing 
connective  tissue,  as  in  the  case  of  chronic  pneumonia.  In  this  way, 
the  person,  though  recovering,  emerges  from  the  disease  with  a  damaged 
lung ;  according  to  the  extent  of  the  permanent  damage  will  be  the 
shrinking  of  the  lung  and  possible  displacement  of  organs.  Again, 
phthisis  pulmonalis  may  develop  out  of  an  acute  catarrhal  pneumonia, 
but  this  is  fortunately  an  unusual  result. 

It  has  already  been  mentioned  that  the  disease  begins  in  the  bronchi,  and  it  has 
been  asserted  by  Buhl  that,  throughout,  the  inflammation  remains  confined  to  the 
bronchi,  the  inflammatory  products  found  in  the  alveoh  being  simply  insufflated 
from  the  bronchi.  This  view,  however,  can  hardly  be  maintained,  as  evidence  of 
acute  changes  can  actually  be  observed  in  the  epithelium  of  the  alveoli. 

.3.  Septic  broncho-pneumonia.— This  name  is  applied  to  conditions  in 
which  the  bronchial  tubes  contain  decomposing  matters,  which  irritate 
the  bronchial  wall  and  the  corresponding  lung  parenchyma.  There  is, 
as  in  the  preceding  form,  a  lobular  pneumonia,  and  the  histological 
changes  are  somewhat  similar,  although  with  a  greater  tendency  to 
sup  Duration. 

The  circumstances  under  which  the  bronchi  contain  acrid  contents 
are  somewhat  various.  Thus  division  of  the  pneumo-gastric  nerve  in 
animals  leads  to  stagnation  of  the  secretions  of  the  bronchi  and  to 
broncho-pneumonia.  Similarly  we  sometimes  have  this  condition  in 
persons  who  have  been  long  unconscious  from  disease  of  the  brain,  and 
in  whom  the  bronchial  secretion  stagnates.  In  cases  of  bronchiectasis 
also  there  is  often  a  great  accumulation  of  putrid  juices  in  the  dilated 
bronchi,  which  may  give  rise  to  inflammation.  Gangrene  of  the  lungs 
and  the  presence  of  foreign  bodies  in  the  bronchi  are  also  occasional 
causes  of  the  condition  under  consideration.    In  these  cases  the  putrid 
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matters  are  sometimes  carried  inwards  into  the  finer  bronchi  by  the 
inspiratory  current,  and  the  resulting  lobular  pneumonia  may  be  at 
parts  distant  from  the  original  lesion.  In  such  cases  the  name  Insuffla- 
tion pneumonia  is  sometimes  applied  (see  Fig.  529).  I;i  new-born 
children  there  is  sometimes  a  broncho-pneumonia  brought  about  by  the 
insufflation  of  the  amnionic  fluid 
or  of  putrid  fluids  from  the 
maternal  parts. 

4.  Diphtheritic  pneumonia. — 
In  many  cases  of  diphtheria  the 
exudation  extends  down  the 
bronchi  even  to  their  finest 
ramifications,  and  sometimes  also 
to  the  lung  alveoli.  The  bronchi 
contain  casts  which  do  not  gene- 
rally  obstruct  the  calibre  entirely. 
These  casts  consist  of  fibrine  and 
leucocytes,  the  latter  in  great 
abundance.  Sometimes  the  finer 
bronchi  generally  are  filled  with 
leucocytes.  There  is  also  exuda- 
tion of  leucocytes,  but  not  usually 
of  fibrine,  into  the  air  vesicles. 
This  extension  is  from  the  pene- 


Fig.52il.— InsuiBatioii  pneumonia 


tration  of  the  bacillus  diphtheria  into  the  lungs.  Although  there  is 
a  great  exudation  of  leucocytes  these  do  not  englobe  the  bacilli  as 
they  do  the  pneumococcus.  The  bacillus  diphtheria  is  taken  up  by 
the  epithelium  of  the  alveoli  (Flexner  and  Anderson). 

5.  Embolic  pneumonia  {Pycemia  or  Metastatic  abscesses). —In  cases  of 
septic  thrombosis  of  veins  (thrombo-phlebitis)  in  connection  with  wounds 
or  abscesses,  a  septic  embolism  is  liable  to  occur,  in  which  the  lungs  are 
most  directly  involved.  Pieces  of  the  thrombi  containing  pyogenic 
microbes  (generally  staphylococcus  pyogenes  aureus)  are  carried  to  the 
lung  and  are  caught  in  the  small  arteries  or  capillaries 

Each  such  embolus  becomes  a  centre  of  acute  inflammation,  goin<.  on 
usually  to  suppuration  and  gangrene.    If  a  considerable  branch  be 
obstructed   here  may  be  at  first  the  regular  hemorrhagic  infarction 
But  soon  there  is  such  an  abundant  exudation  of  leucocytes  that  the 

A  si^  rZ'rf        ^'^rr  g-yLpatlzation 
ine  grey  hepatization  gives  place  to  a  purulent 
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infiltration,  usually  with  gangrene  of  the  lung  tissue  and  the  regular 
formation  of  an  abscess. 

Such  metastatic  abscesses  are  very  various  in  size,  form,  and  number. 
]f  the  embolism  be  capillary  there  may  be  multitudes  of  minute 
abscesses,  but  very  often  there  are  only  a  few  which  may  be  of 
■considerable  size. 

If  an  abscess  be  near  the  surface  it  gives  rise  to  an  acute  pleurisy 
which  is  apt  to  be  suppurative  in  character.    This  may  occur  without 

the  actual  bursting  of  an  abscess 
into  the  pleura,  the  microbes 
propagating  through  the  in- 
flamed wall  into  the  pleural 
cavity  (see  Fig.  530). 

6.  Chronic  pneumonia  {Inter- 
stitial pneumonia,  Simple  cirrhosis 
of  the  lung). — We  include  here 
those  conditions  in  which  the 
lung  tissue  is  the  seat  of  a 
simple  chronic  inflammation, 
without  anything  of  a  tuber- 
cular or  other  specific  nature. 
The  simplest  cases  are  those  in 
which  an  acute  pneumonia, 
instead  of  resolving,  passes  into 
a  chronic  condition.  But  there 
seem  to  be  cases  also  in  which 
a  pneumonia  is  chronic  from  the 
outset.  This  is  the  case  com- 
monly in  old  persons,  and  it 
may  therefore  be  said  that  senile  pneumonia  is  included  under  the 
present  head.  To  a  certain  extent  the  same  is  true  of  pneumonia 
in  drunkards  and  in  debilitated  persons,  especially  when  it  aftects  the 
apex  of  the  lung.  In  addition  to  that  we  have  a  very  important  group 
in  which  chronic  inflammation  is  set  up  by  the  inhalation  of  irritatmg 
solid  particles,  as  among  potters,  stone-hewers,  etc.    (See  further  on.) 

The  chronic  inflammation  here,  as  in  other  organs,  is  chiefly  charac- 
terized by  a  new-formation  of  connective  tissue,  so  that  Induration  of 
the  lung  is  the  result.  In  this  view  of  it  the  terms  chronic  interstitial 
pneumonia,  cirrhosis,  sclerosis,  are  sometimes  used  as  being  virtually  of 
the  same  meaning  as  chronic  pneumonia.  But  here  it  is  necessary  to 
distinguish  very  carefully.  We  shall  see  afterwards  that  there  is  a 
form  of  tuberculosis  of  the  lung  commonly  called  fibroid  phthisis,  in 


Fig.  530.— Metastatic  abscesses  iu  the  lung  with 
necrosis  of  the  pleura. 
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which  a  great  new-formation  of  connective  tissue  occurs.  It  is  of 
importance  to  note  that  while  fibroid  phthisis  leads  to  great  shrinking 
and  contortion  of  the  lung,  there  is  little  of  this  effect  in  most  cases  of 
chronic  pneumonia,  the  conditions  in  this  respect  differing  from  those 
in  interstitial  inflammation  of  the  liver  and  kidneys. 

The  naked -eye  appearances  presented  by  the  lung  in  cases  of  acute 
pneumonia  which  have  had  a  prolonged  course  and  have  become  chronic 
a,re  not  unlike  those  of  the  lung  in  the  stage  of  grey  hepatization.  The 
disease  is  generally  confined  to  one  lung,  and  may  affect  only  a  portion 
of  it.  The  lung  is  bulky  and  dense,  and  feels  solid  to  the  touch. 
When  cut  into,  the  solid  lung  has  usually  a  grey  colour,  although 
sometimes  with  a  tint  of  red,  but  it  has  a  smoother  cut  surface  than 
that  in  hepatization,  and  the  tissue  is  much  tougher.  To  this  condition 
the  name  Iron-grey  induration  may  be  aptly  applied. 

Under  the  microscope  the  walls  of  the  alveoli  are  greatly  thickened 
by  fibrous  tissue,  which  largely  encroaches  on  the  alveoli,  the  epithelium 
of  which  is  preserved,  and  sometimes  occupies  their  interior.  When  it 
is  considered  that  the  lung  as  a  whole  is  not  reduced  in  bulk,  and  that 
the  alveoli  are  in  great  part  empty,  then  the  overgrowth  of  connective 
tissue  will  be  understood  to  be  very  great.  Along  with  the  interstitial 
new-formation  there  is  commonly  thickening  and  adhesion  of  the  pleura. 

In  some  cases  there  is  a  very  striking  appearance  as  if  the  fibrinous 
plugs  in  the  alveoli  in  acute  pneumonia  were  being  eaten  into  and 
replaced  by  connective  tissue.  There  are  obvious  masses  of  connective 
tissue  inside  the  alveoli,  sometimes  distinctly  pedunculated.  These 
have  arisen  in  a  manner  similar  to  that  in  which  a  thrombus  becomes 
organized,  the  new-formed  tissue  moulding  itself  on  the  fibrinous  plug. 
This  appearance  establishes  the  fact  that  chronic  pneumonia  sometimes 
develops  out  of  acute,  a  view  which  has  been  questioned. 

In  some  cases  the  new-formed  connective  tissue  takes  on  a  cicatricial 
character  and  by  its  contraction  destroys  and  contorts  the  proper  lung 
tissue.  Just  as  in  the  case  of  cirrhosis  of  the  liver,  there  is  here  an 
atrophy  of  the  normal  structure  and  a  tendency  in  the  organ  to  shrink 
This  leads  to  dilatation  of  the  bronchi  on  principles  already  enunciated 
so  that  Bronchiectasis  is  a  prominent  feature  in  advanced  cases  of  this 
kind.  The  bronchial  secretion  may  stagnate  in  the  dilated  bronchi 
and  decompose  ;  the  irritation  of  the  decomposing  juices  sometimes 
causes  ulceration,  and  ragged  cavities  may  thus  form,  so  that  the 
condition  may  come  to  resemble  phthisis  pulmonalis. 

ATTmi-lT'  "^S"'  'IT*^^'  ''''    »°™-.  Lehrb.  d.  path. 

Anat.,  ui.,  1861,  Stokes,  D.s.  of  chest,  1837;  FriedlWb,  Ueber  Lungenentz 

1873;  J.„K,  .n  Ziemssen's  Handb.,  2nd  ed.,  1882,  and  Volknaann's  LXel 
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(Syd.  Soc.  transl.),  1876;  Gairdner,  Clin.  Med.,  1862;  Stdrges,  Nat.  hist,  and 
relations  of  Pneum.,  1876;  Collective  Invest.  Eecord,  vol.  ii.,  1884;  Hirsch, 
Geograph.  und  histor.  Path.,  1886,  iii.,  125;  Eursell,  Peculiar  outbreak-of  feb. 
disease,  1888;  Strain  (Epidemic  pneumonia),  Glasg.  Med.  Jour.,  xxviii.,  331; 
Leyden  (Abscess  and  gangrene),  Volkmann's  Samml.,  Nos.  cxiv.  and  cxv.,  1877; 
AuLD,  Lancet,  1890  and  1891 ;  Stdrges  and  Coupland,  Nat.  hist,  and  relations 
of  Pneum.,  1890;  Washbourn  (Pathology  of  Pneumonia),  Brit.  Med.  Jour.,  ii., 
1902. 


VII.— GANGRENE  OF  THE  LUNGS. 

In  this  condition  necrosis  of  a  definite  piece  of  lung  tissue  occurs. 
Necrosis  of  the  lung  is  of  frequent  occurrence  without  gangrene ;  the 
latter  implies  that  putrid  decomposition  has  taken  place  and  that  the 
necrosed  tissue  has  formed  a  slough.    The  occurrence  of  putrescence 
will  depend  on  the  local  conditions,  and  chiefly  on  the  presence  of  the 
microbes  of  putrefaction  in  the  dead  piece  of  lung.    As  such  microbes 
are  mostly  present  in  the  bronchi,  putrescence  will  occur  unless,  as  in 
tuberculosis,  the  preceding  lesion  fill  up  and  obliterate  the  bronchi, 
or  the  conditions  be  otherwise  such  as  to  interfere  with  the  microbes. 
The  gangrene  may  itself  arise  by  the  action  of  decomposing  material. 
If  a  foreign  substance,  such  as  a  piece  of  solid  food,  gets  into  a 
bronchus  it  may  induce  a  bronchitis  with  putrescence  of  the  secretion, 
and  the  irritation  of  the  putrid  juices  may  induce  gangrene  of  the  lung. 
Similarly,  putrid  juices  inspired  from  ulcers  and  wounds  of  the  mouth 
and  air-passages,  or  perforation  of  abscesses  or  ulcers  into  the  trachea 
or  bronchi  may  set  it  up.    Again,  the  juices  in  cavities,  especially  in 
those  arising  by  dilatation  of  bronchi,  may  stagnate  and  decompose, 
and  lead  to  gangrene.    Wounds  and  contusions  may  cause  necrosis 
directly,  and  sometimes  the  lung  tissue  dies  in  severe  cases  of  typhoid 
fever  or  other  zymotic  diseases.    We  have  also  seen  that  gangrene 
may    occasionally   follow   hajmorrhagic   infarction   or   acute  pneu- 
monia, and   that   it  is  a   constant  feature   of  metastatic  abscess. 
Lastly,  there  are  some  cases  in  which  the  cause  of  the  gangrene  is 
obscure,  but  these  cases,  as  well  as  those  with  a  more  definite  cause, 
are  somewhat  common  in  debilitated  persons  and   those  given  to 
alcoholic  excess. 

It  is  customary  to  divide  gangrene  of  the  lung  into  a  circumscribed 
and  a  diffuse  form.  In  both  the  lung  tissue  dies  and  decomposes, 
ultimately,  if  the  patient  survive,  becoming  separated  as  a  shreddy 
slough,  which  occupies  the  cavity  formed  by  the  loss  of  tissue.  In 
the  diffuse  form  there  are  gangrenous  patches  throughout  the  lung, 
or  a  considerable  portion  of  it,  and  there  is  little  probability  o\ 
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the  effects  becoming  limited  by  reactive  inflammation  in  the  neigh- 
bouchood.  The  diffuse  form  not  infrequently  develops  from  the 
circumscribed,  the  decomposing  juices  from  the  slough  causing  still 
further  necrosis. 

The  various  changes  which  occur  around  a  gangrenous  piece  of  lung, 
and  in  more  distant  parts  of  the  organ,  are  related  to  the  irritating 
character  of  the  slough.     These  changes  are  mainly  inflammatory. 
The  lung  tissue  in  the  immediate  neighbourhood  is  acutely  inflamed  and 
there  is  thus  a  zone  of  condensation  around  having  the  usual  features 
of  acute  pneumonia,  often  with  a  specially  hajmorrhagic  character.  In 
this  inflammatory  zone  the  gangrene  may  advance.     On  the  other 
hand  the  slough  may  be  detached  by  the  inflammatory  process.  In 
time,  a  more  chronic  inflammation  occurs,  and  the  slough  is  separated 
from  the  lung  tissue  by  a  layer  of  granulation  tissue  which  produces  pus 
abundantly  into  the  interior  of  the  cavity.   At  the  same  time  there  may 
occur  m  a  considerable  tract  of  lung  around  the  granulation  tissue  a 
chronic  mflammation  causing  thickening  of  the  alveolar  wall  and  con- 
densation  of  the  lung  similar  to  that  of  chronic  pneumonia.    If  the 
slough  be  small  enough,  the  cavity  may,  after  the  discharge  of  the 
s  ough,  ultimately  contract  and  form  a  cicatrix,  but  in  the  case  of  larger 
sloughs  a  suppurating  cavity  may  long  remain. 

The  effect  on  the  bronchi  is  of  importance.    The  decomposing  juices 
from  the  slough  and  from  the  inflamed  lung  tissue  find  their  way  into 
the  bronchial  tubes,  where  they  set  up  an  acute  inflammation  of  a 
highly  suppurative  character.    A  rich  secretion  of  putrid  pus  is  the 
result.    This  secretion  carried  to  the  bronchi  in  other  parts  of  the  lun^ 
may  set  up  a  lobular  pneumonia  {vide  ante),  or  there  may  be  as  a  result 
gangrene  in  numerous  small  isolated  patches.    In  this  way  multiple 
small  abscesses  may  occur.    If  the  gangrene  be  near  the  surface  an 
acute  pleurisy  IS  the  result,  with  fibrinous  exudation.    Sometimes  the 
avity  opens  into  the  pleura,  and  we  have  a  suppurative  ple^  per 
haps  with  pneumothorax  (see  Fig.  531).  Pleurisy,  per- 

An  occasional  complication  of  gangrene  is  Hemorrhage    As  the 

remit,  having  their  seat  espeeially  in  the  brai,,.  In 

o  K 
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this  case  the  decomposing  material  gets  into  the  pulmonary  veins, 
having  first  caused  thrombosis  of  them. 

A  peculiar  feature  of  gangrene  of  the  lung  is  the  very  abundant  and  highly 
Putrid  sputum.  The  decomposing  juices  from  the  slough  set  up,  wherever  they  are 
carried,  acute  suppurative  inflammations,  and  the  abundant  inflammatory  products 


Pig.  531.-Largc  gangi-enous  cavity  in  the  lung  with  pneumothorax. 


also  undergo  decomposition.  The  bronchial  tubes  being  weakened  by  thejeve^^^^ 
^flammation  often  undergo  dilatation  (bronchiectasis),  and  the  matenal  stagnates 
n Tm  all  the  more,  and  decomposes.  So  it  happens  that  m  the  <^-^f^'^^^^^l 
I  Z  dilated  bronchi  there  are  usually  large  quantities  ^^^^^"^^^^  ^^^^ 
exnectorated  at  intervals,  and  sometimes  so  abundantly  tha  it  pours  out  oi 
Zt^l.  The  sputum  is  extraordinarily  foetid,  ^^f^^  ^  da  J  ^ 
triple  phosphates,  crystals  of  margarine  etc.  Ices  of  C 

.nrr.n  JlPs  manv  of  them  broken  down  by  decomposition,  pieces  ot  lung  usb  , 
i«  colonie..    B„„,ti™»  th,  .p*»  — s  also  sp.U,. 

1871;  Heetz,  in  Ziemssen's  Handb.,  v.,  514,  1877,  tiA^0T,  b 
No.  14. 

vm  -PHTHISIS  PULMONALIS.    PULMONARY  TOBEECUtOSIS. 
1  Definition  -The  term  phtliisis  pnlmonalis  was  originally  used  to 
.e^igle  a'lting  of  the  Ly  assoeiated  with  disease  of  the  lung. 
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111  its  modern  use  it  is  applied  to  cases  in  which  the  lungs  are  affected 
by  a  progressive  lesion,  the  ordinary  and  regular  result  of  which  is 
destruction  of  the  lung  tissue  and  the  formation  of  cavities.    The  idea 
of  wasting  is  thus  transferred  to  the  lungs,  and  associated  with  the 
anatomical  character  of  the  lesion.    It  has  always  been  recognized  that 
tuberculosis  plays  a  considerable  part  in  the  pathology  of  phthisis  pul- 
monalis,  but  it  is  only  of  comparatively  late  years  that  a  more  complete 
demonstration  has  been  furnished  of  tbe  fact  that  virtually  all  cases  con- 
forming to  the  above  definition  are  really  cases  of  tuberculosis  of  the 
lung.    There  may  be  a  few  cases  of  actinomycosis,  and  possibly  some 
of  syphilis,  in  which  lesions  somewhat  similar  in  character  are  produced, 
but  they  are  so  few  that  phthisis  pulmonalis  may  now  be  regarded  as 
synonymous  with  local  tuberculosis  of  the  lung. 

It  may  be  well  here  to  refer  briefly  to  the  various  phases  through  which  the  views 
as  to  the  patholog:y  of  phthisis  have  gone  since  the  time  of  L^nnec,  especially  as 
many  of  the  terms  :n  common  use  in  connection  with  the  disease  are  related  to 
some  of  these  views. 

La^nnec  believed  that  there  was  a  particular  tubercular  matter  which  was  liable 
o  be  deposited  m  he  lungs  or  elsewhere.  It  might  be  deposited  in  isolated  place 
formmgmihary  ubercles,  or  infiltrated  into  a  considerable  portion  of  lung,  forming 
infiltrated  tubercle.   In  both  cases  the  deposit  usually  began  as  a  Grey  transpa^ 
s^ucture  which  however,  was  prone  to  change  into  a  yellow  or  w  Jt 

Ji^'^a^j:::  "^z:'^:"-!  ^^^^^^^^ 

call  the  tubercle  were  discrimiLred  and    1  /n"" 

were  sought  to  be  separated  C^T.Zt^ru^^^^^^^^^  ~ 
of  caseous  material  is  no  Pvirlon^^  r,t  +  u      ,    •  snown  tHat  the  existence 

Which  i„  it.  e.»ee,  is  ..aZri:  .1"^^^^^^^^  '"'--"S'. 
cerned.    In  phthisis  then  th^  •    ,     "^generation  of  the  structures  con- 

special  tende'ncy  r^ie  p\-  /uct  oTLfl  '  J  -Aammatory  one,  with  the 
morphosis.    In  this  way  arol  v    u^^f"^?'*'''''  '°  ^  '^'^^^^  "leta- 

inflammation  with'l%~ J^yT  ^tf  -^"^  Pneu.onia-an 

of  the  glands  is  an  adenitis  with  a  simiL  tendency       '  '      "  '''^^'^ 

^ound^^hi^i:^^::  nTsuX:     ~' - 

supposed.  In  all  stages  of  Se  d  J^  t  r  '  '"^^'^^^t^ry  one  as  Virchow 
inflammatory  product!      The  tubeiTs  un/"'"  T  ^^^^side  the 

and  it  is  often  difficult  to  discdm I'!  *°  ^^tter, 

caseous  metamorphosis  has  occt   d     B^-'''"T  ^^P^^^^^  -1^- 

.s  advancing,  proper  tubercle    a  ^  t'o  b    'f "  7"1'  "^^^'^  '^'-a- 

conditions.  '°        fo^'id  along  with  the  inflammatory 

The  more  modern  position  brings  us  bao.  morenearly  to  that  of  L.nnec.  Again 
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we  regard  phthisis  as  a  tubercular  disease,  but  not  merely  in  the  general  sense  of 
Lrennec.  Our  position  differs  also  from  Liennec  in  this  respect,  that  he  regarded 
a  particular  state  of  the  constitution  as  the  essential  cause  of  the  tuberculosis. 
It  is  not  to  be  denied  that  the  lungs  must  be  in  a  state  of  susceptibility 
before  they  can  be  affected  by  the  tubercular  virus,  but  the  same  may  be  said 
concerning  any  form  of  tuberculosis,  and  indeed  concerning  ordinary  inflammatory 
processes.  We  know  that  different  persons,  or  the  same  person  at  different  times, 
are  very  variously  susceptible  to  catarrhs,  and  to  inflammations  of  all  sorts. 


We  therefore  regard  phthisis  pulmonalis  as  a  Local  tuberculosis  in 
which  inflammatory  processes  and  the  actual  formation  of  tubercles 
manifest  themselves,  and  both  lead  on  to  necrosis  and  ulceration. 

2.  Causation. — In  what  has  been  said  above  it  has  been  implied  that 
the  causation  of  phthisis  pulmonalis  is  connected  with  the  tubercle 
bacillus.  All  that  has  been  said  in  regard  to  the  causation  of  tuber- 
culosis at  pages  187-189  applies  here. 

There  is,  in  this  as  in  other  forms  of  tuberculosis,  not  only  the  action 
of  the  specific  microbe  to  be  considered,  but  also  the  susceptibility  of 
the  individual,  which  may  be  inherited,  but  is  often  acquired.  It  is 
acquired  principally  in  the  case  of  persons  so  placed  as  to  have  the 
general  health  reduced,  and  in  whom  especially  the  respiratory  functions 
do  not  get  justice.  Persons  living  in  close  dwellings,  especially  when,  at 
their  work  in  factories  and  otherwise,  they  are  in  the  habit  of  breathing 
vitiated  air,  in  which,  it  may  be,  finely  divided  dust  is  abundantly 
suspended,  frequently  acquire .  a  tendency  to  ^^^thisis  although  not 
originally  predisposed. 

In  relation  to  the  resulting  lesions,  the  Path  of  entrance  of  the 
irritant  to  the  lungs  is  a  matter  of  importance.  In  the  study  of 
the  lesions  met  with  we  shall  find  that  they  all  start  at  the  finer 
bronchi.  A  catarrh  of  the  finest  bronchial  tubes,  usually  occurring  in 
a  number  of  these  simultaneously,  is  the  starting  point  of  a  variety  of 
lesions,  which,  however,  for  a  considerable  time  remain  related  to  the 
bronchi  in  their  distribution.  This  is  an  indication  that  the  agent  finds 
access  to  the  lungs  by  the  inspired  air. 

As  a  general  rule  the  bacilli  probably  find  entrance  in  small  numbers 
and  by  accident,  but  there  are  cases  of  a  more  considerable  Insufflation 
of  tubercular  matter.  Thus  in  a  case  observed  by  the  author,  a  tuber- 
cular lymphatic  gland  adherent  to  a  bronchus  burst  into  the  bronchus 
with  the  result  of  an  acute  tuberculosis  in  a  limited  district  of  the  lung. 
There  may  also  be  a  somewhat  rapid  extension  from  insufflation  in 
tuberculosis  of  the  larynx. 

The  Localization  at  the  apex  of  the  lungs  of  the  earliest  lesions  is 
probably  related  to  the  fact  that  the  apices  of  the  lungs  are  the  least 


ANATOMICAL  CHANGES  IN  PHTHISIS. 


885 


expansile  portions.  The  first  rib  even  in  women  is  very  little  raised 
in  inspiration,  and  in  persons  with  weak  respiratory  movements  the  air 
is  apt  to  stagnate  at  the  apex.  This  view  receives  some  confirmation 
from  the  fact  that  phthisis  so  frequently  improves  when  the  patients 
go  to  reside  in  high  altitudes  where  the  rarefied  air  requires  more 
vigorous  respiratory  efforts.  In  such  persons  the  size  of  the  chest 
as  a  whole  generally  undergoes  an  increase.  Remembering  that  the 
tubercle  bacillus  is  of  slow  growth,  we  may  presume  that  it  is  more 
likely  to  obtain  a  footing  when  it  is  left  undisturbed  in  parts  where 
the  air  is  more  or  less  stagnant. 

3.  Anatomical  changes  in  phthisis.— In  studying  the  changes  in  the 
lung  it  will  be  necessary  to  give  descriptions  of  the  various  processes 
separately  (and  to  a  certain  extent  these  processes  are  separable), 
but  at  the  same  time  it  must  be  understood  that  many  of  them  go  on 
together  and  by  their  simultaneous  occurrence  frequently  mask  each 
other.    It  may  be  said  in  general  that  the  disease,  beginning  in  the 
finer  bronchi,  tends  to  spread  in  one  of  two  directions,  or  in  both  of 
them  at  once,  namely,  along  the  bronchi  to  the  lung  alveoli,  or  else 
from  the  bronchi  to  the  surrounding  connective  tissue  and  on 'into  the 
general  connective  tissue  of  the  lungs.    In  both  cases  we  find  tubercles 
developed  m  all  stages  of  the  process,  and  in  both  there  is  inflammation 
but  of  different  kinds  according  to  the  structures  involved.    In  the  one 
case  there  is  chiefly  catarrh  of  the  lung  alveoli,  although  the  alveolar 
wall  and  surrounding  connective  tissue  also  show  new-formation  In 
the  other  case  the  inflammation  produces  new-formation  of  connective 
tissue  and  consequent  induration.    It  is  important  to  observe  that  the 
tubercles  which  occur  in  both  cases  partake,  to  a  considerable  extent 
in  the  pecuhanties  of  the  inflammations.    In  the  case  of  extension  to 
the  connective  tissue  the  tubercles  tend  to  undergo  fibrous  transforma- 

?\        P  '^'^       ^^'^^^^  ^'^^^^^^  ^«  '-^'ons  necrosis 

(«)  The  Caseous  fom.-When  the  lungs  are  examined  in  an  ordinary 
case  of  this  kind  after  death  they  are  found  adherent  to  the  chest  wa  f 
and  they  are  usually  seen  to  be  the  seats  of  several  cavities  ch  flit 

divirlprl  K       .  f ■       ^'         ^  ^''^  ^^""y  ^f^^"^^  O'le  or  more  large  ones 

ca..  at  th  t  nae  of  dea  h  T     ,      T'"'"  °«''"y 
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of  ulceration,  these  are  signs  that  the  disease  is  to  some  extent  in  a 
condition  of  retrogression  (see  Fig.  533).  The  tissue  immediately 
around  is  usually  condensed  and  pigmented. 

It  is  necessary  to  look  away  from  the  cavities  in  order  to  observe 
indications  of  the  Initial  lesion.    One  can  nearly  always  distinguish 


Fig.  532.— Caseous  phthisis  vnth  large  cavity  in  upper  lobe. 


in  the  midst  of  the  crepitant  and  comparatively  normal  tissue  isolated 
areas  of  condensation,  such  as  those  illustrated  in  Fig.  534.  They  can 
be  felt  as  solid  masses  in  the  soft  tissue,  and  on  section  they  stand  out 
above  the  general  level  of  the  cut  surface.  They  are  usually  more  or 
less  rounded  in  area  and  present  on  section  indications  of  a  lobular 
arrangement,  there  being  a  central  stem  and  bodies  grouped  round  it 
like  grapes  on  a  hunch.    The  central  parts  arc  generally  whitish  or 
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yellow  and  opaque,  and  this  appearance  may  involve  the  whole  area, 
but  the  peripheral  parts  have  usually  a  grey  translucent  character. 


Fig.  533.— Large  phthisical  cavity  with  smooth  walls. 


The  coalescence  of  areas  having  these  characters 
siderable  condensations,  in  which  no  such  lobular 


gives  rise  to  con- 
arrangement  may 


Fig.  .OSa.— Lobular  coudeusations  in  casoous  phthisl.s. 

^Zl^llTi^  examination  of  the  more  recent  of  the  initial  lesions, 
appearances  will  be  found  which  may  be  illustrated  by  Fig.  536. 
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The  lesion  begins  and  centres  in  a  small  bronchus.  The  bronchus  is 
plugged  with  what  is  at  first  merely  an  inflammatory  exudation  (b) 
consisting  of  desquamated  epithelium  and  round  cells.  The  outline 
of  the  tube  is  preserved  (a)  but  its  wall  is  considerably  infiltrated  with 
round  cells  (c).  The  plugged  bronchi  form  the  central  stems  and 
branching  twigs  of  the  areas  under  consideration,  but  there  is  an 


Pig.  535. — Caseous  phthisis  sliowiug  extensive  areas  of  caseation. 

extension  to  the  lung  alveoli,  and  here  also  we  have  the  effects  of 
inflammation.  The  inflammation  is  generally  of  the  parenchymatous 
or  catarrhal  character,  and  the  alveoli  are  occupied  by  large  catarrhal 
cells  which  are  the  derivatives  of  the  alveolar  epithelium.  Sometimes 
the  epithelium  itself  is  seen  enlarged  and  it  may  be  desquamating. 
Blood  is  very  often  present  along  with  the  catarrhal  cells,  sometimes 
in  such  abundance  as  to  fill  the  alveoli.  In  the  specimen  of  which 
Fig.  536  is  a  drawing,  for  example,  the  alveoli  contained  much  blood 
(see  further  on  under  Htemorrhage). 
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The  exudation  in  the  alveoli  is  sometimes  more  like  that  of  an  acute 
inflammation,  consisting  to  some  extent  of  round  cells,  and  there  are 
cases  in  which  even  fibriije  is  present. 

Besides  these  inflammatory  conditions  we  have  Tubercles  present  in 
the  affected  parts.  The  bronchial  wall,  as  we  have  seen,  is  infiltrated 
with  leucocytes  which,  as  they  accumulate,  obscure  the  structure  of  the 
wall.  They  also  extend  to  the  connective  tissue  outside  the  bronchial 
wall,  and  to  the  alveolar  wall.    In  the  midst  of  these  evidences  of 


eIti^niuv~?,^ZZ  brouchus  with  pigment 

:niro^mic*a^L\^.i^oS^^^^^^  ceUs^infiltrating  waU  of  b.^nWs ; 

inflammation  definite  tubercles  are  visible,  sometimes  typical  in  every 
respect  (see  Fig.  537).  But  they  are  apt  to  be  somewhat  indefinite 
from  the  existence  of  the  inflammatory  infiltration,  so  that  only  the 
giant-cells  may  be  definitely  distinguishable.    The  giant-cells  not  in- 

requently  take  into  their  substance  the  black  pigment  of  the  lung 
tissue,  and  so  may  be  somewhat  strildngly  manifest. 

Another  feature  which  distinguishes  the  process  is  the  occurrence  of 
Caseous  necrosis.    This  consists,  as  we  have  seen,  in  the  death  of  the 

tructures,  accompanied  by  the  production  of  finely  granular  fat.  As 

ir  nuwfo  rt         ""^'''^^  '^'^'^       ^  homogeneous 

fc  enttcat  r    \?  renders  the 

identification  of  the  individual  elements  very  difficult.    It  occurs  in  all 
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the  Structures  already  described  as  affected  by  the  inflammation,  the 
plug  which  fills  the  bronchus,  the  bronchial  wall,  the  contents  of  the 
alveolus,  the  alveolar  wall,  and  the  tubercles.  If  the  process  is  not 
very  advanced,  then  it  may  be  seen  that  the  caseous  necrosis  begins  in 
the  bronchus,  as  in  Fig.  538,  the  outline  of  the  tube  being  still  visible. 
In  this  illustration  the  change  has  extended  to  the  alveoli  immediately 
around  the  bronchus,  and  their  outlines  are  still  obscurely  visible  in  the 
midst  of  the  general  granular  appearance.    Outside  the  caseous  area 


Fig.  537.— Tubercle  with  giant-cells  iu  the  lung  in  a  case  of  caseous  phthisis,    x  100. 

the  alveoli  are  filled  with  catarrhal  cells  and  their  walls  infiltrated  with 
round  cells.  The  caseous  matter  is  visible  to  the  naked  eye  as  a  yellow 
or  white  opaque  substance  which  is  somewhat  brittle,  and,  like  cheese, 
consists  of  nitrogenous  matter  containing  finely  divided  fat. 

The  dead  caseous  matter  may  lie  for  a  long  time  and  do  little  harm, 
iust  as  any  inert  dead  animal  matter  may.  It  may  even  undergo  a 
partial  absorption,  or  with  this  may  be  combined  an  infiltration  with 
lime  salts,  so  that  ultimately  a  cretaceous  mass  remains  embedded  in 
the  luno-  These  processes,  however,  imply  that  the  tuberculosis  has 
ceased  to  be  active  and  that  the  caseous  matter  is  inert.  It  is  more 
usual  to  have  a  disintegration  of  the  caseous  matter. 

Softening  or  breaking  down  of  the  caseous  matter  often  shows  itselt 
to  the  naked  eye  in  the  central  parts  of  the  caseating  areas  It  can 
often  be  determined  under  the  microscope  that  the  softening  is  begimnng 
in  the  situation  of  the  bronchus,  which  thus  again  proclaims  itself  the 
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centre  of  the  process.  In  Fig.  538  there  are  indications  of  a  crumbling 
of  the  caseous  matter  and  a  partial  separation  so  as  to  leave  cracks  or 
fissures. 

In  this  way  Cavities  are  formed,  and  each  cavity  implies  the  death 
and  destruction  of  a  certain  portion  of  lung  tissue,  usually  involving  a 
bronchus  and  its  surrounding  alveoli  The  broken-down  caseous  material 
forms  a  grumous  turbid  fluid,  in  which  the  more  resisting  elastic  tissue 
of  the  lung  may  be  found  still  retaining  to  some  extent  the  form  of  the 


alveoli.  This  elastic  tissue  may  be  frequently  recognized  in  the  sputum 
ot  such  patients  by  proper  methods  of  search  (see  Fig  539)  At  first 
the  cavity  formed  is  small,  but  by  extension  of  the  process  and 
coalescence  of  neighbouring  softenings,  larger  cavities  result.  These 

'"^  """^  ^^gg^d  ill- 

defined     The  cavity  sooner  or  later  opens  into  a  bronchus,  and 

Its  contents  are  discharged.  When  the  caseous  material  is  cleared 
more  or  it  T  ^^^-^ter  and  secretes  pus 

he  walL  ^7,f  ""^^'^.^'y-    There  may  be  ultimately  a  smoothing  of 

IS  not  the  regular  lining  membrane  of  the  bronchiectatic  cavity. 
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nor  the  same  relation  to  the  bronchi.  In  the  walls  of  such  cavities, 
and  in  the  mucous  membrane  of  the  bronchi  with  which  they  are  in 
communication,  tubercular  ulcers  may  sometimes  be  distinguished. 

It  may  be  that,  as  Hamilton  suggests,  the  softening  of  the  caseous  matter  is  by  a 
process  akin  to  that  which  occurs  in  the  ripening  of  cheese,  in  whichj  according  to 
Duclaux,  certain  insoluble  albuminates  become  soluble  in  water. 

According  to  Prudden,  mixed  infection  may  have  something  to  do  with  the 
formation  of  cavities  or  with  the  acuteness  of  the  disease.  He  found  that  in 
rabbits,  whilst  the  insufflation  of  the  tubercle  bacillus  produced  tubercular  lesions. 


examination.    X  350. 

yet  cavities  did  not  result,  but  the  subsequent  insufflation  of  the  strepto^ 
loccus  pyogenes  produced  cavities.  Prudden  does  not  carry  he  whole  of  th  s 
by  Merence  to  the  human  subject,  but  suggests  the  influence  of  m.xed  mfection, 
and  especially  of  septic  contamination  consecutive  to  tubercular  mfection. 

The  whole  process  is  sometimes  a  more  acute  one  than  that  indicated 
•xbove  The  original  exudation  may  approach  in  its  characters  to  pus, 
tnd  the  process  of  softening  may  present  little  beyond  a  rapid  necros.s 
:1  to  ordinary  necrosis  or  sloughing.  In  these  -es  there  .s  som^^ 
times  a  Purulent  peribronchitis.  Suppuration  occurs  m  the  bionchial 
W  and  in  the  surrounding  tissue,  and,  these  structures  bemg  broken 
r  the  cavity  partakes  of  the  nature  of  an  acute  abscess.  Some  ot 
h';sf  abscessL  may  be  near  the  surface,  and  by  ^^^^^^ 
the  pleura  cause  it  to  slough.  By  the  -P^^^"  f  ,^2^^^^^ 
cavity  of  the  abscess  may  come  to  communicate  with  pleural  cau  y 
Tnd  so  pneumothorax  may  result.    Sometimes  there  is  even  a  gan- 
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grenous  condition  developed,  and  actual  sloughing  of  pieces  of  lung 
tissue  occurs. 

Acute  cases  such  as  these  bespeak  a  peculiar  virulence  of  the  morbid 
agent  or  a  peculiar  susceptibility  of  the  patient.  They  usually  pass 
rapidly  on  to  a  fatal  issue  with  high  fever.  In  some  cases  recovery 
takes  place,  the  pus  dries-in  or  is  discharged,  and  the  abscesses  become 
surrounded  by  indurated  connective  tissue. 

(b)  The  Fibroid  form. — On  post-mortem  examination  in  typical 
cases  of  this  form  the  lung  is  found  very  firmly  adherent  over  the 


Fig.  540.— Diagrammatic  sketch  of  the  upper  lobe  of  a  linio-  ii,  fii«.ni^  „i  n  •  ■ 
Of  the  bronchus  g,ands\ftt^VS^^^^ 

affected  part,  which  nearly  always  includes  the  apex.  One  often  has 
to  remove  with  difficulty  a  dense  leathery  cap  which  covers  the  apex 
of  the  lung  (see  Fig.  540).  On  cutting  into  the  lung  there  are  usually 
cavities,  but  they  are  not  generally  large  and  the  internal  surface  is 
mos  ly  clean  and  moderately  smooth.  A  distinct  membrane  lines  the 
cavity  {c  in  figure).    Outside  the  cavity  the  tissue  is  very  dense  and 

porttn  of  th.  1'"      IV''^  ^  considerable 

Tee  figure).  '  contracted 

adlZ'ed'wrfiTd'""  t  P^^^^       -^^^'^  - 

avanced,  we  find,  as  m  the  caseous  form,  the  advanced  posts  of  the 
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disease  in  the  form  of  isolated  condensations  in  the  midst  of  the  crepi- 
tating normal  tissue.  Here  the  Initial  lesion  is  different  from  that  in 
the  other  form.  It  consists  in  hard  dark  or  nearly  black  solid  bodies, 
scattered  through  the  lung  tissue.  On  running  the  finger  over  the  cut 
surface  one  feels  these  bodies  and  they  stand  out  above  the  general 
surface. 

In  this  form  as  in  the  other  a  plugged  bronchus  will  be  found  to 
form  the  centre  of  the  initial  lesion.  This  is  shown  in  Fig.  541,  which 
is  from  the  centre  of  such  a  lesion.    The  bronchus  contains,  as  before, 


Fii.-  541  -Fibroid  phthisis,  early  lesion,  a,  a,  bronchial  wall ;  b  l>,  Projecting 
parts  stm  covered  with  epithelium  ■  d,  d,  round  cells  infiltrating  bronchus  ;  e,  exuda- 
tion  in  calibre,     x  60. 

inflammatory  products,  namely,  round  cells  and  desquamated  epi- 
thelium. The  wall  of  the  bronchus  is  also  infiltrated  with  round  cells, 
and  tubercles  are  present  in  the  wall  and  in  the  surrounding  connective 
tissue  There  is,  however,  very  little  appearance  of  inflammation  in 
the  lung  alveoli,  and  the  affection  seems  to  advance  rather  by  the 
lymphatics  into  the  connective  tissue  than  along  the  mucous  surface  to 

the  alveoli.  „  ,      ,  • 

The  distribution  of  the  Tubercles  is  indicative  of  the  advance  m  the 
directions  just  mentioned.  They  are  often  grouped  in  the  neighbour- 
hood of  bronchi,  as  in  Fig.  542,  but  are  also  present  at  some  distance 
la  to  left  in  figure),  the  process  travelling  by  the  lymphatics.  The 
tubercles  present  in  the  earlier  periods  the  typical  structure,  and  there 
are  frequently  giant-cells  in  their  midst. 
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Hfemorrhage  is  very  common  in  this  as  in  the  other  form.  The 
hlood  in  some  cases  fills  out  the  alveoli. 

Caseous  necrosis  is  much  less  a  feature  in  Fibroid  phthisis  than  in 
the  other  form,  but  it  is  usually  present  in  the  plug  which  fills  the 
bronchus,  as  well  as  to  some  extent  in  the  bronchial  wall.    This  is 


shown  m  Fig.  54.3,  in  which  the  central  part  («)  representing  the  plug 
IS  homogeneously  granular,  while  the  walls  of  the  tube  are  infiltrated 
with  round  cells.  In  some  places  (as  at  c)  there  is  a  cellular  aggre- 
gation which  with  a  higher  power  is  seen  to  be  a  tubercle 

A  feature  present  in  this  form,  but  not  in  the  other,  is  Fibroid  trans- 
formation, which  affects  both  tubercles  and  connective  tissue  and  gives 
.ts  pecui,  characters  to  this  form  of  phthisis.  The  tubercles  are  con- 
verted into  clear  structureless  bodies  in  which  all  the  elements  of  the 

freZntlv      f  ™    '   ""."^'^  recognizable,  especially  as  they 

frequently  contain  a  considerable  number  of  black  granules.  ^ 

the  briTis  and  f ^^"'^  — d 

bronchus  and  extends  to  the  general  stroma  of  the  lung.    There  is 
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thus  great  induration  of  the  lung  tissue  and  the  fibrous  tissue  shrinks 
and  produces  great  deformity.  The  shrinking  of  the  tissue,  associated 
as  it  is  with  adhesion  of  the  pleura,  frecjuently  leads  to  drawing-in  of 
the  chest  wall,— often  a  characteristic  feature, — and  it  leads  also  to 
two  lesions  which  are  often  very  apparent  in  the  lung,  namely, 
bronchiectasis  and  emphysema,  both  of  which  are  complementary. 


Fie  543  — Fibroid  phthisis,     a,  bronchus  plugged  and  caseous ;  6,  b,  waU  of 
bronchus  infiltrated  vdth  round  cells  and  tubercles  ;  c,  tubercle  m  waU. 

Bronchiectasis  is,  in  this  form,  the  most  active  factor  in  the  forma- 
tion of  cavities.  It  is  partly  a  purely  complementary  process,  the 
shrinking  being  compensated  by,  the  dilatation  of  the  air-passages. 
Hamilton  and  others  have  pointed  out  another  mode  of  formation.  As 
the  chest  wall  forms  a  comparatively  fixed  point  to  which  the  shrinking 
tissue  is  attached  by  the  pleural  adhesions,  and  as  this  tissue  is  also 
attached  to  the  walls  of  the  bronchi,  the  result  of  the  shrinking  will  be 
that  these  two  points  will  be  approximated,  the  chest  wall  drawn  in  and 
the  bronchial  wall  drawn  out.  There  is  a  third  way  m  which  bron- 
chiectasis occurs.  The  secretions  may  accumulate  in  a  bronchus  behind 
an  occlusion  of  the  tube.  Such  an  occlusion  will  occur  when  the 
primary  lesion  has  affected  a  bronchus  of  larger  calibre  than  usual,  or 
where  the  shrinking  tissue  has  constricted  a  bronchus. 

The  Bronchiectatic  cavity  is  lined  with  a  distinct  membrane  and  is 
usually  directly  continuous  with  a  bronchus  (see  Fig.  540).  It  may 
exist  as  a  complementary  dilatation  in  the  midst  of  crepitating  lung 
tissue  in  a  part  not  affected  by  the  tuberculosis. 
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Emphysema  is  a  frequent  accompaniment  of  the  process.  Wherever 
a  piece  of  lung  escapes  the  fibroid  change,  it  is  liable  to  emphysema  on 
account  of  the  shrinking  in  its  neighbourhood.  Hence  in  the  midst  of 
the  shrunken  tissue  one  often  sees  islands  of  lung  tissue  having  a  honey- 
combed appearance  (see  Pigs.  542,  b,  and  544,  h). 

Another  occasional  result  of  the  shrinking  is  a  formation  of  Cyst-like 
cavities  in  the  pleura,  as  shown  in  Fig.  544,  a. 
The  shrinking  of  the  lung,  dragging  the  adher- 
ent pleura  with  it,  may  cause  spaces  to  form 
in  the  pleura,  or  even  in  the  interlobular  septa 
(as  at  c),  these  spaces  being  filled  with  serous 
fluid. 

Pigmentation  is  a  peculiarly  prominent 
feature  in  fibroid  phthisis.  Even  the  initial 
lesion  is  characterized  by  the  almost  black 
colour  of  the  nodules,  and  the  indurated 
tissue  has  a  slaty  or  blackish  colour  {slaty 
inditration).  Perhaps  the  explanation  of  this 
is  that  the  carbonaceous  pigment  (see  further 
on)  is  retained  by  the  aff'ccted  bronchi  and 
not  swept  outwards  by  the  cilia  of  the  epi- 
thelium. 

The  caseous  and  fibroid  forms  of  phthisis 
are  in  general  distinguishable.  They  have 
certain  points  in  common,  chiefly  in  respect 
that  each  begins  with  a  bronchitis  of  the  finer 

tubes,  and  that  each  is  characterized  by  the  presence  of  tubercles. 
In  the  one  form,  however,  the  bronchial  inflammation  extends  to 
the  proper  parenchyma  of  the  lung,  constituting  a  Lobular  broncho- 
pneumonia, whereas  in  the  other  it  is  more  localized  around  the 
mflamed  bronchus,  constituting  a  tubercular  Bronchitis  and  Peri- 
bronchitis. There  is  the  further  distinction  that  in  the  one  form 
caseous  necrosis  is  characteristic,  whereas  in  the  other,  while  probably 
present  in  most  cases,  it  is  limited  in  extent  and  may  be  confined  to 
the  contents  of  the  bronchi  and  the  bronchial  wall 

The  difference  is  probably  due  to  differences  in  the  individual  pro- 

hronk  1  I"       fibroid  form  the  disease  is  more 

more    ;  «°"\-ff«'^ted  are  as  a  general  rule  older,  and  it  occurs 

ZtZrl  '  "  T  ^^"^  '^^'^  P-"^     ^be  conclusion 

to  th  morbid  ^""^^"^^  «^       P-*^  «f  ^be  tissues 

Icess  in  resemblance  which  the 

process,  m  some  respects,  presents  to  that  which  is  concerned  in  the 

3  L 


Fig.  044.— Fibroid  phthisis. 
a,  cysts  m  j^leura  from  shrink- 
ing of  lung  ;  b,  emphysema  ;  c, 
cyst  in  interlobular  connective 
tissue.    Natural  size. 
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healing  of  phthisis.  It  may  be  said  that  in  the  caseous  form  the  tissues 
are  directly  killed  by  the  progress  of  the  disease,  sometimes  with  great 
rapidity,  whereas  in  the  fibroid  form  there  is  a  long  struggle  and  very 
little  palpable  softening  or  destruction. 

This  being  the  case  it  may  be  inferred  that  the  two  forms  are  not 
absolutely  distinguishable.  They  run  into  each  other,  and  the  caseous 
form  may  assume  many  of  the  characters  of  the  fibroid,  especially  when 
it  becomes  very  chronic  or  partial  recovery  takes  place. 

The  Sputum  in  phthisis  puhnonalis  is  variously  composed.  In  the  earlier  stages 
the  expectoratioQ  has  the  usual  characters  of  that  in  catarrh,  consisting  of  mucus, 
with  more  or  less  abundant  leucocytes.  In  the  sputum  in  this  early  stage  large 
epithelioid  cells  with  one  or  more  nuclei,  such  as  we  find  in  the  lung  alveoli  in  the 
catarrhal  form  of  phthisis,  are  often  found.  These  cells  frequently  present  fatty 
degeneration.  The  sputum  in  phthisis  often  contains  Elastic  tissue  from  the 
breaking  down  of  the  lung.  In  very  rapid  cases  we  may  find  this  by  a  simple 
examination  of  the  sputum,  but  the  search  is  often  a  difficult  one,  because  the  thick 
mucus  and  pus  hold  the  pieces  of  lung  tissue  suspended  and  isolated.  By  Fenwick  s 
method  of  digestion  in  soda  solution,  pieces  of  lung  tissue,  such  as  that  shown  in 
Fig.  539,  will  frequently  be  found  in  the  deposit.  This  method  is  also  applicable 
to  the  sputum  in  gangrene  of  the  lungs.  The  Tubercle  baciUus  is  usually  to  be 
found  in  the  sputum,  and  is  of  great  diagnostic  value.  The  appearances  are  shown 
in  Fig.  62,  p.  187. 

4  Extension  of  the  tuberculosis  in  phthisis  pulmonalis.-In  both 
of  the  forms  already  described  it  has  been  shown  that  the  tuberculosis, 
beginning  in  the  finer  bronchi,  extends,  on  the  one  hand,  to  the  lung 
alveoli,  and,  on  the  other,  to  the  connective  tissue.  Besides  that,  how- 
ever, there  are  further  extensions  both  in  the  lung  and  beyond  it. 

An  existing  cavity,  especially  one  arising  from  disintegration  of 
caseous  matter,  is  a  great  source  of  infection  its  contents  being  charged 
with  tubercle  bacilli.  The  infected  matter  is  earned  from  ^  '^^ 
and  is  partly  insufflated  into  other  parts  of  the  lungs  and  partly  d  s 
It  thus  causes  an  extension  of  the  disease  m  the  lung  itself, 
and  is  liable  to  infect  the  air  passages  as  it  is  carried  along. 

Hence  Tuberculosis  of  the  bronchi  is  very  frequent  in  connection 
wifh   avit  es,  the  mucous  membrane  becoming  the  seat  of  tubercula 
lers      f  the  bronchial  tubes  be  opened  up,  the  ulcers  are  visible  a 
mo^e  or  less  rounded  erosions,  sometimes  with  distinct  white  tubercles 

"  Itt^e—  to  the  Larynx       ^^chea  ^ery  _ 
from  these  bv  way  of  the  resophagus  and  stomach  to  the  Intestine. 
'Th  e  :  aL  an  extension  by  the  lymphatics  so  ^f  '^^^l 
ca.es  of  phthisis  the  ^^onoU^^\ 'y^V^^^' ^  ^^J^^' 
condition  here  is  similar  in  character  to  that  in  mug 
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caseous  form  the  glands  are  caseous,  resembling  closely  the  apj^earances 
in  ordinary  scrofulous  glands.  In  the  fibroid  form  they  are  liable  to 
be  more  or  less  fibrous  and  deeply  pigmented.  Tubercles  are  present 
in  the  glands,  sometimes  in  the  most  typical  form.  It  is  not  common 
for  softening  to  occur  in  the  bronchial  glands ;  the  tuberculosis  is 
usually  chronic  in  character  and  the  aff"ected  glands  may  ultimately 
shrink  and  become  calcified.  Cretaceous  matter  is  often  met  with  at 
the  roots  of  the  lungs, — the  remains  of  obsolete  tuberculous  glands. 

5.  Healing  of  phthisis. — In  this  connection  it  is  to  be  remembered 
that  tuberculosis  is  due  to  an  infective  material,  which  usually  goes  on 
reproducing  itself.  In  the  healing  of  tubercular  lesions  generally  there 
are  two  methods  which  may  be  followed,  and  in  phthisis  pulmonalis 
we  have  examples  of  each  of  these.  On  the  one  hand,  the  infective 
matter  may  be  cleared  out  and  the  parts  around  become  the  seat  of 
simple  inflammatory  processes,  or,  on  the  other  hand,  the  caseous 
matter  may  have  its  infective  character  overcome  and  be  left  as  a  piece 
of  innocuous  dead  matter  in  the  tissues.  In  either  case,  so  far  as  the 
lung  is  concerned,  there  is  implied  an  increase  in  the  vigour  of  the 
parts,  so  that  the  infective  character  of  the  matter  may  be  annulled. 

When  cavities  have  formed  by  the  softening  of  the  caseous  matter, 
the  disease  may  pause.  In  that  case  the  wall  of  the  cavity  comes  to  be 
composed  of  healthy  granulation  tissue,  which  develops  into  connective 
tissue  as  in  the  ordinary  cicatrix.  If  the  cavity  is  so  situated  that  con- 
traction can  occur,  then  there  may  be  a  shrinking  till  it  is  completely 
obliterated,  and  a  Cicatrix  takes  its  place.  On  the  other  hand,  circum- 
stances may  allow  of  only  partial  contraction,  and  the  cavity  remains 
but  Its  wall  comes  to  be  formed  of  connective  tissue  without  any  trace 
ot  recent  tuberculosis  (see  Fig,  545). 

In  other  cases  the  caseous  matter  fails  to  soften,  the  disease  is 
checked  before  cavities  are  formed,  and  in  that  case  we  have  necrosed 
structures  lying  in  the  lung.  In  this  case  granulation  tissue  is  formed 
around  the  dead  matter,  and  may  partly  eat  into  it.  By  development 
nto  connective  tissue  a  capsule  is  formed  around  the  dead  matter,  and 
liiltlv  '^^^'^^""^^  impregnated  with  lime  salts,  so  that 

a  e  Zs  ntCh     "1  '71  "  -nsiderable  pieces  of  cretaceous  matter 
are  present  in  the  midst  of  a  cicatrix 

forms  orhTntf     T  ''"""'^'^^^  '''''''  in  both  these 

e  se  a  e  o^^  -  deeply  pigmented,  so  that  in  this  respect  the  pro- 
cesses are  comparable  to  those  concerned  in  fibroid  phthisis 

eoutfoTpcfst-rorlem °'  'r'''  ^"""^^     °^  the 
cicatrices,  Xn7i  ^^h^      .  T^°'''  '"'^  '^^^"^"^'^^  ^-^s  with  pigmented 
with  chalky  particles  in  their  midst,  at  the  apices  of  the  lungs,  the 
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pleura  being  adherent  over  the  affected  parts  (see  Fig.  68,  p.  196).  In  some  cases 
healing  may  take  place  after  such  extensive  destruction  o£  the  lung  with  formation 
of  cavities  as  that  shown  in  Fig.  545.    Here  almost  the  whole  lung  is  converted 


appearance  of  recent  action. 


Fig  54.1.-Crotaceous  nm«s  expectorated  by  phthisical  patient.     Actual  size. 

into  a  congeries  of  cavities,  the  walls  o^^^^^  ^  J^rTK^ befo^  n;!:: 

action.    There  had  been  an  ^'^-l\'-^^\^'^''2fct^^^^^^  afterwa;ds  be 

healing,  a  return  of  the  disease  takes  place,  the  -^l^^l^y        "  ^ 
separal  d,  and  such  pieces  are  sometimes  expectorated  (see  F.g.  54b). 


h.«;morr,hage  in  phthisis. 
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The  frequency  of  healing  of  tuberculosis  of  the  lungs  has  been  estimated  by  the 
author,  Harris,  and  others,  on  the  ground  of  post-mortem  observation  in  cases 
which  have  died  from  non-tuberculous  disease.  The  result  is  that  in  about  20  per 
cent,  of  persons  dying  from  other  diseases  there  has  been  at  some  period  of  life  a 
tuberculosis  of  the  lungs  which  has  become  obsolete. 

6.  Haemorrhage  in  phthisis. — Hsemoptysis  is  one  of  the  most  common 
manifestations  in  phthisis.  It  is  necessary  to  distinguish  between  an 
early  and  a  late  hjemorrhage. 

(a)  Early  haemorrhage. — In  examining  the  initial  lesion  in  phthisis, 
whether  in  the  caseous  or  fibroid  form,  it  is  common  to  meet  with 
alveoli  filled  with  blood,  presenting  an  appearance  very  similar  to  that 
shown  in  Fig.  521,  which  is  from  a  haemorrhagic  infarction  of  the  lung. 
The  blood  may  be  so  abundant  and  occupy  so  many  alveoli,  as  to  give 
quite  the  character,  on  a  small  scale,  of  haemorrhagic  infarction. 

The  blood  here  comes  from  the  pulmonary  capillaries,  escaping  by 
diapedesis;  it  does  not  arise  by  insufflation,  else  it  would  be  more 
mixed  with  air  and  broken  up.  The  homogeneous  complete  filling  of 
the  alveoli  implies  a  regular  leakage  which  gradually  expels  the  air. 
The  blood  also  is  often  in  alveoli  which  are  little  altered  otherwise,  and 
it  is  present  in  a  considerable  group  of  alveoli  together. 

These  facts  would  indicate  a  local  interference  with  the  circulation  as 
a  cause  of  the  hemorrhage.  Such  an  interference  is  liable  to  occur  from 
the  proximity  of  the  branches  of  the  pulmonary  artery  to  the  bronchi. 
The  arteries  and  bronchi  run  to  a  large  extent  parallel,  their  sheaths 
continuous,  and  the  inflammatory  changes  in  and  around  the  bronchi 
which  form  such  an  important  part  of  the  initial  lesion  may  well  exer- 
cise pressure  on  the  arteries.  This  view  is  confirmed  by  the  fact  that 
m  general  tuberculosis  of  the  lung  a  similar  haemorrhage  is  very  often 
present,  sometimes  to  a  very  aggravated  extent.  In  this  affection  the 
tuberculosis  is  usually  so  intimately  related  to  the  arteries,  that  there 
IS  a  direct  interference  with  them. 

In  any  case  the  haemorrhage  is  part  of  the  initial  lesion,  and  it  is 
known  that  the  appearance  of  blood  in  the  sputum  is  often  a  very  early 
sign  of  phthisis.  '' 


As  the  hemorrhage  is  associated  with  the  earliest  lesions  it  may  occur  at  a  time 
when  no  symptoms  of  disease  in  the  lungs  are  present,  and  may  be  h  appa  e" 
artmg.pomt,  although  not  really  so.    The  occurrence  of  hamor  hage  ha  Len 

StrmS.:r-^"Tr       ^'^''^  °^  ^  ^^^^  ^^^^'^^        been  exp.'  L  ; 

It  i.  Tl  every  case,  evidence  of  the  existence  of  the  initial  lesion 

L  ;  ogCoTtht  dist"^'^^"';^'^  '-'^-'^-'^^^'^  maTlccerate 
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(6)  Late  haemorrhage. — -The  haemorrhage  described  above  may  occur 
at  intervals  throughout  the  course  of  the  disease,  but  in  advanced  cases 
a  much  more  considerable  and  not  infrequently  fatal  hsemorrhage  is 
liable  to  occur.  In  this  case  the  bleeding  arises  by  Rupture  of 
branches  of  the  pulmonary  artery  which  have  been  partially  exposed 
in  the  walls  of  cavities. 

As  a  general  rule  the  arteries  in  the  walls  of  cavities  are  obliterated, 
more  especially  in  the  caseous  form,  but  where  obliteration  has  not 
completely  occurred  the  wall  of  the  artery  being  unsupported  and 
perhaps  softened  by  inflammatory  infiltration  is  liable  to  give  way. 

Before  the  actual  rupture  the 
vessel  wall  usually  bulges  out, 
so  as  to  form  an  Aneurysm  (see 
Fig.  547).  In  this  figure  the 
cavity  is  a  bronchiectatic  one, 
and  its  wall  was  comparatively 
unaltered,  the  aneurysm  having 
arisen  purely  from  want  of  sup- 
port. In  the  caseous  form  there 
is  softening  of  the  wall  of  the 
artery,  and  the  aneurysm  has 
not  such  a  definite  sac  as  in  this 


case. 

In  cases  of  this  kind  the  hte- 


Fig.  .547.— Aneurysm  in  a  bronchiectatic  cavity. 
A  probe  has  been  introduced  into  the  artery,  and 
is  vi.sible  through  the  gaping  aperture  in  the  -u   „„   ;„    often   VCrV  great, 

aneurysm.    It  is  also  indicated  close  to  the  wall  of    morinage   IS    OlLBU  gi'^o-  , 

the  bronchus  beyoud  the  cavity.  -[^^^  ^^^^  g^ge  of  a  Con- 

siderable tear  it  may  be  stilled  by  the  blood  coagulating  in  the  cavity 
and  forming  a  kind  of  cap  over  the  aperture. 

7.  Affections  of  the  pleura  in  phthisis.— From  the  intimate  con- 
nection of  the  pleura  with  the  lung  it  may  be  expected  that  it  will 
frequently  be  affected  in  phthisis. 

The  lymphatic  system  of  the  lung  does  not  apparently  commumcate 
directly  with  the  cavity  of  the  pleura,  so  that  although  a  tuberculosis 
may  extend  to  the  subpleural  tissue  it  does  not  directly  affect  the 
pleural  sac. 

The  relations  of  the  pulmonary  lymphatics  to  the  pleura  are  shown  by  the  locality 
of  the  carbonaceous  pigment  in  the  lungs.    This  carbonaceous  pigment  .   ca  d 

about  and  deposited  wherever  there  are  ----^^^  ^".^^^^h  'sac  itse  On 
abundant  in  the  subpleural  tissue  ;  but  it  never  penetrates  into  the  sac  itself.  On 
he  otr  hand,  ther'e  seems  to  be  a  communication  in  .^^-PPO.te  d^^^^^^^^^^^^^ 
the  pleura  to  the  interlobular  connective  tissue    Thxs  -^f  "^^^^jjf^^^f  ^^e  Im^ 
tubercular  pleurisy  there  is  a  certain  penetration  from  the  pleuia  mto  the  lung. 
(See  under  Tubercular  Pleurisy.) 
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While  tuberculosis  does  not  extend  to  the  pleura,  because  it  implies 
the  passage  of  solid  bodies  (the  bacilli),  there  are  very  commonly 
simple  inflammatory  processes,  which  depend  on  the  extension  of  the 
dissolved  products.  Such  products  being  present  in  the  connective 
tissue  of  the  lung  may  readily  soak  into  the  pleura. 

Chronic  pleurisy  is  a  constant  occurrence,  giving  rise,  as  in  other 
cases  of  chronic  inflammation,  to  new-formation  of  connective  tissue. 
The  pleura  over  a  tubercular  lung  is  nearly  always  thickened,  some- 
times greatly  so  (as  in  Fig.  540),  and  the  two  layers  are  almost  con- 
stantly adherent.  Not  only  are  the  two  layers  adherent,  but  they  have 
really  coalesced,  and  their  blood-vessels  intercommunicate,  so  that  if 
the  vessels  on  either  side  be  obstructed  the  pleura  may  be  still 
nourished  from  the  other.  The  thickening  and  adhesion  are  conserva- 
tive processes,  shutting  ofi'  the  diseased  lung  from  the  general  pleural 
sac.  It  is  when  these  conditions  fail  to  occur  that  we  commonly  have 
the  more  serious  pleural  lesions,  acute  pleurisy  and  pneumothorax. 

Acute  pleurisy  is  a  frequent  concurrent  in  cases  of  phthisis,  especially 
in  the  caseous  form.  It  implies  that  the  lesion  in  the  lung  has  come 
to  the  surface  at  a  place  where  adhesion  of  the  pleura  has  not  yet 
taken  place.     It  is  most  frequent  in  early  periods  and  in  acute 


cases. 


The  acute  pleurisy  is  often  connected  with  Necrosis  of  the  pleura. 
The  pulmonary  pleura  is  nourished  by  the  vessels  of  the  lung,  and  as 
these  are  occluded  and  necrosed  when  involved  in  the  caseating  lesion, 
the  pleura  will  be  involved  in  the  necrosis  in  so  far  as  it  is  related  to 
the  occluded  vessels.  At  the  very  outset  of  a  caseous  phthisis  one  of 
the  aff'ected  areas  may  be  immediately  beneath  the  pleura,  and  we  may 
have  a  necrosis  before  there  has  been  time  for  the  formation  of 
adhesions.  In  this  way  may  be  explained  many  of  the  cases  in  which 
pleurisy  has  apparently  but  not  really  preceded  the  pulmonary  disease. 
Agam,  in  all  acute  cases  we  are  liable  to  have  necrosis  of  the  pleura, 
and  it  is  not  uncommon  to  find  quite  a  number  of  dead  white  areas 
visible  on  the  surface,  each  indicating  an  area  of  necrosis,  generally 
concealed  to  some  extent  by  a  layer  of  fibrine,  the  result  of  the 
inflammation. 

The  mere  exposure  of  a  necrosed  piece  of  pleura  seems  to  induce  an 
acute  pleurisy,  perhaps  by  allowing  the  penetration  of  irritating  juices 
such  as  the  living  structures  intercept.  The  acute  pleurisy  is  of 
the  usual  kind  (see  further  on)  accompanied  by  fibrinous  exudation, 
but  It  IS  usually  limited  by  existing  adhesions.  Through  time  the 
acute  inflammation  subsides  and  a  chronic  pleurisy,  with  adhesion. 
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Pneumothorax  also  implies  necrosis  of  the  pleura,  but  there  is,  in 
addition,  a  partial  separation  of  the  dead  piece  and  the  establishment 
of  a  communication  between  the  pleural  sac  and  the  air  passages.  This 
infers  the  existence  of  a  cavity  beneath  the  necrosed  piece  of  pleura 
and  not  merely  a  caseous  area.  The  necrosed  piece  begins  to  separate 
at  one  edge,  and  then  the  pneumothorax  suddenly  occurs.  As  death 
often  results  in  consequence  of  a  pneumothorax,  one  not  infrequently 
has  the  opportunity  of  observing  the  condition  in  this  stage.  If  the 
patient  survive,  then  the  whole  piece  is  detached  and  apertures  are  left 
in  the  pleura. 

Along  with  pneumothorax  there  is  an  acute  pleurisy.  If  it  has  not 
occurred  in  consequence  of  the  necrosis,  then  it  will  ensue  when 
some  of  the  contents  of  the  pulmonary  cavity  pass  into  the  pleural 
sac.  These  two  conditions,  acute  pleurisy  and'  pneumothorax,  are 
thus  closely  related,  both  of  them  being  connected  with  necrosis  of  the 
pleura.  They  also  occur  in  relation  with  the  advanced  outposts  of  the 
pulmonary  lesion,  and  are  hence  liable  to  develop  in  connection  with 
the  less  affected  lung  or  portion  of  lung,  and  by  causing  serious  damage 
to  the  lung  on  which  the  patient  chiefly  depends  for  respiration,  they 
often  induce  very  serious  and  even  fatal  dyspnoea. 

8.  General  effects  of  phthisis.— In  its  general  influence  on  the  body 
phthisis  pulmonalis  is  of  great  importance. 

Its  most  constant  effects  are  Emaciation  and  Anasmia,  the  former  of 
which,  as  we  have  seen,  was  the  main  element  in  suggesting  the  name 
phthisis.    These  conditions  have  their  source  chiefly  in  fever. 

Fever  is  an  almost  constant  accompaniment  of  phthisis,  altogether 
apart  from  any  general  tuberculosis.  It  is  to  be  referred  to  the 
presence  in  the  blood  of  the  various  products  evolved  in  the  course 
of  the  local  processes.  These  consist  in  part  of  the  products  of  the 
specific  microbe,  which  will  pass  into  the  blood,  even  when  the 
microbes  themselves  do  not.  There  will  also  be  the  products  of  the 
disintegration  of  blood,  and  of  inflammatory  exudations,  such  as 
those  in  pleurisy.  In  pulmonary  cavities  again,  various  forms  of 
decomposition,  putrid  and  other,  are  liable  to  occur,  and  the  products 

naturally  lead  to  fever.  r   i  i  •  ■ 

Amyloid  disease  occurs  in  about  a  fourth  of  the  cases  of  phthisis, 
and  is  more  frequent  proportionally  in  the  fibroid  than  in  the  caseous 
form  It  usually  affects  the  spleen,  kidneys,  liver,  intestine,  and 
lymphatic  glands,  but  there  are  great  differences  in  its  distribution  and 
extent.  It  may  be  absent  in  any  one  of  the  situations  mentioned  whi  e 
present  in  the  others,  or  it  may  be  greatly  exaggerated  in  one  while 
very  inconsiderable  in  others.    (See  the  author's  "  Lectures  to  Practi- 
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tioners.")  It  is  typically  present  in  the  spleen  in  the  majority  of  cases, 
taking  the  form  of  the  sago  spleen. 

Disease  of  the  kidneys  is  a  frequent  concomitant  of  phthisis.  It  may 
be  amyloid  disease,  complicated  (as  amyloid  disease  regularly  is)  with 
chronic  nephritis,  or  it  may  be  a  tuberculosis.  On  the  other  hand  there 
is  not  uncommonly  a  nephritis,  sometimes  in  an  acute  or  subacute  form 
so  as  to  produce  enlargement  with  fatty  epithelium,  sometimes  in  a 
more  chronic  form,  with  contraction  and  granulation  of  the  kidneys. 

In  cases  of  amyloid  disease  the  mere  presence  of  the  amyloid  material 
may  induce  chronic  inflammation,  but  there  is  a  considerable  number 
of  cases  in  which  nephritis  is  present  in  an  acute  form.  In  these  cases 
we  may  suppose  that  the  products  from  the  disintegrating  processes 
going  on  in  the  lungs  lead,  by  their  discharge  through  the  kidneys,  to 
an  inflammation  of  these  organs  (see  author,  loc.  cit.). 

General  tuberculosis  not  infrequently  follows  phthisis  pulmonalis. 
We  have  seen  that  the  disease  in  the  lungs  is  a  local  tuberculosis,  and 
as  a  general  rule  it  extends  along  mucous  surfaces  and  lymphatic 
channels.  In  a  considerable  proportion  of  cases,  however,  the  tubercle 
bacilli  to  some  extent  reach  the  blood  and  are  carried  throughout  the 
body.  If  the  liver  be  examined  microscopically  there  will  usually  be 
found  a  few  tubercles,  generally  in  various  stages  of  degeneration. 
There  are  also  not  infrequently  a  few  tubercles  in  the  kidneys  visible 
to  the  naked  eye.  We  sometimes  meet  even  with  a  more  considerable 
tuberculosis  in  the  kidney  and  elsewhere,  constituting  a  Chronic 
general  tuberculosis  (see  p.  199),  especially  in  children. 

Acute  general  tuberculosis  is  a  less  frequent  result  and  is  generally 
due  to  a  definite  extension  of  the  local  tuberculosis  to  a  branch  of  the 
pulmonary  vein  which  has  not  become  occluded  by  the  advancing  lesion 
(see  p.  200).  It  may  also  arise  by  an  extension  of  the  tuberculosis 
from  the  bronchial  glands  to  the  thoracic  duct. 

.      Literature.-The  literature  of  phthisis  is  very  extensive.    The  older  literature 
7«'.o    c  ""^  ''^  Waldenbueg,  Tuberculose,  Lungenschwindsucht  u.  Scrofulose, 
18b9.    bee  further,  Cakswell,  Illustrations  of  path,  anat.,  1838;  Viechow,  Lehrb 
d.  spec  Path.,  i.;  NiEMETER,  Klin.  Vortr.,  1867;  Buhl,  Lungenentz.  Tuberc.  u. 
Schwrncsucht,  1872;  EtiHLE  und  Eindeleisch,  Ziemssen's  Handb.,  v.;  Weigert 
transl  Ist"  r'""  °^  tuberculosis,  Syd.  Soc' 

IZt.  Tu  y'""™'  ^"^''^'^  Tuberculose,  1885;  Kibb,  in  Allbutt's 
188     t1'  VT'  (Inhalation),  Wien.  med.  Wochenschr., 

c  vTt       etc?r°  v'  ^"  =  (Forrnation  of 

JACcouB,  Curabihty  of  pulm.  phthisis,  1885;  Powe.b,  Dis.  of  lungs  and  pleura 
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188(5 ;  Williams,  Pulmonary  consumption,  1887 ;  Kiw)  (Distrib.  of  bacilli  in  the 
lung),  Med.  Chir.  Trans.,  Ixviii.,  1885  ;  Yeo (Contagiousness),  Brit.  Med.  Jour.,  1885, 
i. ;  Coats,  Lect.  to  practitioners,  1888;  Germain  S^:e,  Bacillary  phthisis;  James, 
Pulmonary  phthisis,  1888  ;  Dobbll,  Bacillary  consumption,  1889.  Healiiu/  of 
Phlliisif! — Hakeis,  Brit.  Med.  Jour.,  1889,  ii. ;  Coats,  ibid.  See  also  Literature  of 
Tuberculosis,  p.  201. 


IX.— DISEASES  FROM  INHALATION  OF  DUST.  PNEUMOCONIOSIS. 

Carbonaceous  pigment  in  the  lungs. — The  lungs  of  all  adults  have 
more  or  less  of  a  grey  colour  from  the  existence  of  a  black  pigment  in 
the  lung  tissue.  This  pigment  is  absent  from  the  lungs  of  children, 
and  is  undoubtedly  the  dust  inhaled  with  the  inspired  air.  The  air  of 
all  confined  spaces,  such  as  rooms,  contains  in  suspension  finely  divided 
particles,  particularly  in  cities  where  coal  is  burnt  extensively,  and 
this  attains  its  maximum  in  the  black  fogs  of  such  cities  as  London  and 
Grlasgow.  The  particles  of  dust  inhaled  with  the  air  are  for  the  most 
part  caught  by  the  mucus  with  which  the  surface  of  the  bronchial  tubes 
is  moistened,  and  as  the  ciliated  epithelium  plays  in  the  direction 
towards  the  larynx,  the  dust-laden  mucus  is  carried  upwards  to  the 
larynx,  where  it  is  either  expectorated  or  swallowed.  No  doubt  when 
the  air  is  unusually  laden  with  dust  the  mucous  secretion  is  increased, 
and  those  who  live  in  cities  know  that  in  foggy  weather  a  considerable 
mass  of  black  mucus  is  brought  up  from  the  larynx  in  the  morning,  the 
busy  cilia  having  swept  it  thithefr  during  the  hours  of  sleep. 

But  some  of  the  dust  penetrates  beyond  the  reach  of  those  scavengers 
and  passes  into  the  lung  alveoli,  where  it  lodges.  From  the  lung 
alveoli  it  penetrates  into  the  lung  tissue.  It  is  to  be  remembered  that 
the  structure  of  the  alveolus  is  somewhat  like  that  of  a  serous 
membrane.  There  is  a  single  layer  of  epithelium,  and  stomata  or 
pseudo-stomata  have  been  described.  The  dust  particles  penetrate 
through  or  between  the  epithelial  cells  and  emerge  into  the  lymph 
spaces  of  the  alveolar  wall.  Having  entered  the  lymphatic  system  of 
the  lung,  the  dust  is  carried  into  all  the  communicating  channels  ot 
that  sys1:em,  and  is  partially  deposited  and  retained  as  it  goes  by  the 
connective-tissue  cells.  In  this  way  a  kind  of  pigmentation  of  the 
entire  lymphatic  system  of  the  lung  is  obtained,  which  for  demonstra- 
tion may  serve  the  purposes  of  an  injection  of  that  system.  In  this 
conveyance  of  the  dust  particles  the  leucocytes  which  are  ah^^ys 
present  in  the  lymphatic  spaces  probably  play  an  important  part.  Ihe 
parts  pigmented  are,  the  walls  of  the  alveoli,  the  interstitial  connective 
tissue,  especially  that  around  the  pulmonary  artery  and  the  bronchi, 
and  the  subpleural  tissue,  which  is  often  definitely  demarcated  trom 
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the  pleura  proper  by  the  pigmentation.  The  pigment  is  also  carried  tO' 
the  bronchial  glands  at  the  root  of  the  lungs,  which  are  more  or  less 
blackened.  This  pigment  is  a  carbonaceous  material  consisting  mostly 
of  round  particles,  and  is  to  a  great  extent  the  soot  of  coal. 

While  the  light  dust  of  the  air,  reaching  the  lungs  in  small  quantities, 
does  comparatively  little  harm,  damage  may  be  done  when  large  quan- 
tities of  dust  of  a  specially  irritating  character  reach  the  lungs.  Hence 
a  distinct  class  of  diseases  has  been  distinguished  as  due  to  inhaled  dust. 


itJ'/'  f."!^— ^  irotter's  lung,  o,  bronchus  compressed  aud  nan-owed  ■  tw,,  „f 
Its  cartilages  ;  c,  c,  condensed  and  pigmented  lung  tissue  •  7lunt  alvloli '  i 
and  enlarged,  some  with  pigment  in  them  ;  /,  lung^lveoU  'eilphy^emlto^'^Tt 

Diseases  due  to  inhaled  dust.    Pneumoconiosis,  Pneumonoconiosis 

-Ihis  subject  has  been  very  fully  worked  out  in  this  country  by 
Greenhow,  and  in  Germany  by  Zenker  and  Merkel.  The  results  of  the 
inhalation  depend  largely  on  the  mechanical  character  of  the  dust  If 
It  be  heavy  and  composed  of  sharp  angular  particles,  then  it  is  more 
irritating  than  if  it  be  light  and  composed  of  rounded  pieces 

above\r.?f''  '"'f  "i^       /""^  ^^""^^  -«"^ioned 

TZT      f''^"  '"'^  "  ^^^^"^^  inflammation.  There 

pneumonia"   7''""  f  """"'^^^  ^"  ^^-"^  ^^-stitial 

Lform  tv  ofTh  ^'""'"^  -  considerable 

cletornnty  of  the  lung  may  occur.    As  the  irritant  finds  access  by  the 
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air  passages,  the  lesion  in  its  earlier  stages  concentrates  itself  around 
the  bronchi.  This  is  shown  in  Fig.  548,  in  which  it  is  seen  also  that 
the  lung  alveoli  are  subject  to  great  contortion  (at  d),  and  that  in  the 
neighbourhood  they  are  liable  to  emphysema  (at/). 

The  dust,  whatever  its  kind,  may  be  visible  in  the  midst  of  the 
lesion  in  the  lung.  It  was  the  observation,  by  Zenker,  of  a  red 
pigmentation  of  the  lung  in  workers  with  the  red  oxide  of  iron,  which 
furnished  an  absolute  demonstration  that  the  dust  actually  finds  its 
way  into  the  lung  tissue,  We  may  find  in  the  lung,  coal  dust,  the  dust 
of  potter's  clay,  soot  from  smoky  lamps,  stone  dust,  metal  dust,  and 
dust  composed  of  cotton  or  woollen  fibre.  In  Fig.  549  a  collection  of 
silicious  particles  from  the  lung  of  a  worker  in  a  pottery  is  shown. 


Fig. 
X  340. 


.549.- 


-Silicious  particles  in  a  potter's  lung. 


Fig.  .550.  -  Part  of  the  contents 
of  a  lung  alveolus  in  anthracosis. 
Black  jjarticles  are  seen,  some 
angular  and  others  rounded. 
The  largo  catan-hal  cells  contain 
many  particles.    X  350. 


A  peculiar  feature  in  almost  all  cases  of  disease  from  inhalation  of 
dust  is  the  presence  of  an  excess  of  Black  pigment  in  the  lung.  In 
some  cases  the  inhaled  dust  is  black,  so  that  a  condition  of  anthracosis 
is  brought  about.  But  even  when  the  dust  is  not  black,  as  in  the 
potter's  lung,  the  affected  districts  of  lung  are  deeply  pigmented.  The 
reason  of  this  is  not  quite  apparent. 

Various  names  are  given  to  the  forms  of  lesion  according  to  the  kind 
of  dust  inhaled. 

The  Coal-miner's  lung  has  an  almost  coal-black  colour,  and  when 
incised  it  yields  a  black  juice  which  stains  the  hand.  The  dust  here  is 
finely  divided  coal  and  the  soot  from  the  smoky  lamps  used  in  mines. 
The  pigment  is  in  the  connective  tissue,  but  it  is  often  present  also  in 
the  lung  alveoli,  where  it  may  be  taken  into  the  substance  of  catarrhal 
cells  (se^e  Fig.  550).  There  is  not  usually  much  induration  of  the  coal- 
miner's  lung,  as  the  dust  is  not  physically  very  irritating.  The  term 
Anthracosis  is  given  here  owing  to  the  extremely  black  appearance 
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presented.  An  exceedingly  well-marked  examj)le  of  this  condition  was 
recently  observed  in  the  lungs  of  a  manufacturer  of  boot-blacking. 


Fig.  5.51.— Sectiuu  of  ii  Sheffield  ncedle-grinder'.s  lung-. 

tolTite  bL^  '°  ''''       expectoration  is  usually  stained  so  as 

after  tl^'l^l^^^^^  -  -^--'^^y  that  on  a  recurrence  of  catarrh,  even  years 

JlZiT  T  '''''^  in  the  pits,  the  black  spit  may  return  The 

pigment  stored  up  ,n  the  lung  tissue  returns  to  the  alveoli  and  bronchi    This  would 
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indicate  that  a  bronchial  catarrh  goes  deeper  than  the  mucous  membrane.  The 
agents  in  the  return  of  the  pigment  are  the  leucocytes. 

Potter's  phthisis  is  a  term  used  for  a  very  frequent  form  of  disease 
amongst  potters.  The  dust  here,  consisting  of  heavy  angular  particles, 
seems  very  irritating,  and  excites  much  chronic  inflammation. 

Stone-mason's  lung  resembles  the  potter's  form,  as  do  also  Knife 
and  Needle-grinder's  disease  (see  Fig.  551). 

The  connection  of  these  forms  of  disease  with  phthisis  is  a  point  of  some  import- 
ance. A  true  tuberculosis  may  possibly  be  induced  by  the  inhalation  of  irritating 
dust.  There  is,  however,  little  evidence  of  that,  and  undoubtedly  the  great  majority 
of  cases  of  lung  disease  from  inhalation  of  dust  are  quite  different  from  cases  of 
phthisis.  There  is  no  formation  of  tubercles,  no  caseation,  seldom  any  formation 
■of  cavities,  although  these  sometimes  form  by  bronchiectasis.  There  is  also  the 
important  clinical  difference  that  persons  affected  with  such  diseases  do  not  sufier 
in  their  general  health  as  do  tubercular  patients.  There  is  little  or  no  fever,  and 
the  patients  generally  work  on  for  many  years  till  the  dyspnoea  incapacitates  them 
(Greenhow,  Coats). 

Literature. — Ghegoky  and  Chbistison,  Edin.  Med.  Journ.,  xxxvi.,  389,  1831; 
Hamilton  and  Gbaham,  ibid.,  xliii.,297,  1834;  Thomson,  Med.  Chir.  Trans.,  1840, 
XX.  and  xsi. ;  Zenker,  Deutsch,  Arch.  f.  klin.  Med.,  ii.,  1866,  and  xxii.,  1878; 
Aelidge,  On  the  diseases  prevalent  among  potters,  Social  Science  Cong.,  1871 ;  also 
Allbutt's  System  of  Medicine,  v.,  1898;  Greenhow,  Path.  Trans.,  1866  to  1869  ; 
Coats,  in  Lect.  to  Pract.,  1888,  p.  150;  Catalogue,  Path.  Museum,  West.  Infirmary, 
■Glasgow. 


X. -ACUTE  MILIARY  TUBERCULOSIS,  SYPHILIS,  ACTINOMYCOSIS, 

GLANDERS. 

Acute  miliary  tuberculosis. — This  condition  has  been  discussed  at 
page  200.  The  tubercular  virus,  being  present  abundantly  in  the  blood, 
produces  very  marked  lesions  in  the  lungs.  As  the  virus  is  brought  by 
the  blood,  the  lesions  are  generally  homogeneously  distributed  through- 
out both  lungs,  and  are  intimately  related  to  the  finer  branches  of  the 
pulmonary  artery. 

The  lungs  are  found  studded  from  apex  to  base  with  innumerable 
small  bodies,  generally  whitish  in  colour.  There  is  in  addition  a  general 
hypersemia  of  the  lungs. 

Under  the  microscope  it  can  be  seen  in  most  cases  that  the  tubercles 
are  formed  in  connection  with  arteries.  A  small  artery  will  generally 
be  seen  at  the  edge  of  or  running  directly  into  a  tubercle,  and  it  is  not 
uncommon  to  find  a  tubercle  in  the  wall  of  an  artery,  as  in  Fig.  71, 
p.  200.  The  tubercle  has  the  usual  structure,  which  is  frequently 
•obscured  in  the  central  parts  by  caseous  necrosis. 
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The  lung  tissue  generally  shows  some  reaction  in  the  neighbourhood 
of  the  tubercles.  The  alveoli  are  frequently  occupied  by  catarrhal  cells 
as  in  phthisis,  and  there  is  very  often  blood  in  them.  The  latter  is  so 
abundant  in  some  cases  as  to  give  a  very  striking  character  to  the 
sections.  As  the  cases  are  very  acute  and  death  occurs  early,  we 
practically  never  find  softening  of  the  tubercles  or  formation  of 
cavities. 

Syphilis  is  a  rare  affection  of  the  lungs,  especially  in  adults.  It 
is  somewhat  more  common  in  new-born  children,  in  whom  it  may  be 
one  of  the  manifestations  of  hereditary  syphilis.  In  adults  gummata 
have  been  observed  in  a  few  cases.  They  are  surrounded  by  connective 
tissue  in  the  usual  way,  and  they  may  be  partially  softened  so  as  to 
form  cavities.    The  gummata  are  usually  of  small  size. 

White  pneumonia  is  a  name  given  to  the  condition  met  with  in 
infants  in  congenital  syphilis.  It  is  a  condition  in  which  extensive 
tracts  of  lung  tissue  are  condensed  and  infiltrated  by  a  new-formation 
of  connective  tissue,  the  condition  resembling  that  in  chronic 
interstitial  pneumonia  (see  Fig.  61,  p.  185). 

Actinomycosis,  when  affecting  the  lungs,  presents  lesions  which  may 
resemble  those  of  tuberculosis  somewhat  closely.  As  in  tuberculosis 
the  microbe  reaches  the  lung  by  the  bronchi,  and  it  sets  up  a  bron- 
chitis and  lobular  pneumonia.  There  is  not  a  caseous  necrosis  of  the 
products,  but  rather  a  more  direct  softening  with  fatty  degeneration 
and  suppuration,  resulting  in  the  formation  of  cavities.  In  other  cases 
however,  the  conditions  may  resemble  those  of  fibroid  phthisis  there 
being  over  an- extensive  tract  of  lung  a  new-formation  of  granulation 
tissue  which  develops  into  connective  tissue  and  goes  on  to  shrinking 

The  disease  tends  to  go  beyond  the  lung  to  the  pleura,  pericardium, 
muscles  of  the  chest,  skin,  etc.  The  peculiar  microbe  is  present,  and  in 
some  cases  it  has  been  distinguished  in  the  expectoration 

Glanders  may  affect  the  lung  by  extension  from  the  nares  and  air- 
passages,  and  possibly  also  by  the  blood  It  leads  to  local  inflammatory 
foe  ,  which  may  be  large  or  small.  The  inflammation  is  usually  acute 
and  abscesses  result,  but  sometimes  there  is  a  more  chronic  affection 
with  caseation  and  formation  of  cavities.  attection 

Co..c..^,  Johns  HoZ;  H   p.  Bu  n;    mi   T  '  '"rnf  ''''  = 

Med.,  v.,  1898;  F.oc™  (with  Stu  e)   Ce„;  Jirrill  "  P  ''^^^^ 

et  Mo^.,^i,  Ann.  de  Flnst.  Pasteur,  vii.  1893        '  ^^««*-*-Le™he 
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XI.— TUMOURS  AND  PARASITES  OF  THE  LUNGS. 

Primary  tumours  of  the  kings  are  infrequent.  Hebbing  relates  a 
case  of  primary  tumour  replacing  the  left  lung  and  which  he  calls  a 
Rhabdomyoma,  but  which  contained  cartilage,  gland  elements,  etc.,  as 
well  as  muscle. 

Primary  fibroma,  osteoma,  lipoma,  and  enchondroma  have  been  ob- 
served in  the  form  of  small  tumours,  sometimes  multiple.  These  are 
unimportant. 

Primary  cancer  is  a  form  of  tumour  which  sometimes  attains  to  con- 
siderable size.  The  growth  seems  to  take  origin  in  the  mucous  glands 
of  the  bronchi,  and  it  usually  retains  somewhat  of  the  glandular  char- 
acter throughout,  presenting  in  many  cases  the  features  of  the  Cylinder- 
celled  epithelioma.    The  tumour  may,  for  a  time  at  least,  confine  itself 


Fiff  552  —From  a  primary  cancer  of  the  lung,  showing  extension  by  the  perivascular 
lympiiatics.    a,  section  of  pulmonary  artery  ;  b,  b,  cancerous  growth  m  lymphatics. 

to  the  bronchi  and  their  neighbourhood,  simply  infiltrating  the  peribron- 
chial connective  tissue,  but  it  often  extends  to  the  parenchyma  of  the  lung, 
forming  in  some  cases  bulky  tumours.  The  cancer  in  the  lung  has  a 
tendency  to  soften  so  as  to  form  Cavities,  in  the  wall  of  which  cancerous 
tissue  may  be  found.  In  some  cases  most  of  the  cancerous  tissue  from 
the  primary  tumour  may  be  lost  by  this  process  of  softening,  and  the 
case  may  have  the  general  aspects  of  a  cavity  in  the  lung  with  an  edge 
in  which,  even  with  the  microscope,  it  may  be  difficult  to  detect  the 
proper  tumour  tissue,  as  it  is  greatly  obscured  by  inflammatory 

products.  .  , 

In  its  extension  the  tumour  sometimes  penetrates  into  the  lung 
alveoli  On  the  other  hand,  it  often  forms  for  itself  alveoli  similar  in 
size  to'those  of  the  lung,  but  of  independent  origin.  It  penetrates  into 
the  perivascular  lymphatic  spaces  still  more  than  into  the  lung  alveoh, 
and  may  often  be  detected  filling  up  these  around  the  vessels  as  in 
Fig.  552.  This  appearance  is  sometimes  visible  a  considerable  distance 
in  advance  of  the  edge  of  the  tumour. 
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The  cancer  sometimes  extends  to  neighbouring  structures  such  as 
the  pericardium,  the  wall  of  the  heart,  etc. 

The  author  has  recorded  a  case  in  which  a  very  peculiar  secondary  extension 
occurred  to  the  bones  and  to  the  brain.  In  these  two  situations  the  tumours 
assumed  remarkable  cystic  tendencies,  so  that  in  the  brain  they  were  represented 
chiefly  by  cysts  (see  Fig.  486,  p.  778).  These  cysts  occurred  apparently  by  mucous 
or  colloid  change,  although  in  the  primary  tumour  in  the  lung  there  was  little 
such  change.  The  author  has  observed  several  other  cases  in  which  secondary 
tumours  have  occurred  in  the  brain  and  bones.  In  some  of  these  the  primary 
tumour  in  the  lung  was  only  represented  by  a  cavity  with  infiltrated  walls,  whose 
nature  might  have  been  readily  overlooked. 

Secondary  tumours  are  somewhat  frequent,  either  by  direct  exten- 
sion from  the  neighbourhood  or  by  embolism. 

The  lung  is  often  involved  by  direct  extension  in  Lympho-sarcomas 
of  the  mediastinal  and  bronchial  glands.  The  new-formation  follows 
the  connective  tissue  of  the  lung,  and  we  find  it  penetrating  in  a 
radiating  manner  from  the  root,  often  burying  the  bronchial  tubes 
in  a  sheath  of  new-formed  tissue  and  partially  or  completely  obstruct- 
ing them  (see  Fig.  169,  p.  336). 

Of  the  tumours  arising  by  embolism,  sarcoma  and  cancer  are  the 
chief  forms,  although  chondromas  have  also  been  known  to  extend  to 
the  lungs  in  this  way. 

Sarcomas,  as  we  know,  sometimes  penetrate  directly  into  the  veins 
and  portions  being  carried  to  the  right  heart  are  caught  in  the  branches 
of  the  pulmonary  artery  or  capillaries.  The  secondary  tumours  in  the 
lung  are  multiple  and  they  repeat  exactly  the  structure  of  the  primary 
one.  Thus  we  have  giant-celled,  round-celled,  and  spindle-celled 
sarcomas.  A  tolerably  frequent  form  is  the  pigmented  sarcoma.  The 
Enchondroma  also  not  infrequently  undergoes  secondary  development 
especially  in  connection  with  tumours  of  the  testis 

Cancers,  as  we  have  seen,  do  not  readily  penetrate  into  the  veins 
directly.  Finding  an  easier  path  by  the  lymphatics  they  nearly  always 
first  develop  in  the  lymphatic  glands.    After  a  time  the  cancerous 

ve'r  orT  ^  ™"       '^"P'^'^^  ^^""^^^^     '"^^  gl-'i  into  the 

veins,  or  they  may  possibly  penetrate  directly  from  the  primary 
Rumour  into  the  latter,  and  the  material  be  carried  on  to  theTn: 

Phatt  rr  -rr""^  ^^^^^^^^^  ^  considerable  time  at  the  l/m'- 
phatic  g  ands,  it  happens  that  in  all  forms  of  cancer  secondary  tumours 

tb     3::rV^  as  the  secondary  tuLurs  a 

tertiary  ^dl^^^^  '''''''        "^^^  ^^^^^^  -  the  lungs  as  of  a 

It  is  clear  that  the  lung  is  not  a  congenial  situation  for  the  growth  of 

3  m  ® 
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cancerous  tumours,  as  they  only  occasionally  attain  to  any  considerable 
size  (see  Fig.  553).  There  is  the  most  marked  contrast  in  this  respect 
between  the  lungs  and  the  liver.  There  is  not  infrequently  in  the  lungs 
abundant  evidence  of  cancerous  infection,  but  the  actual  cancerous 
growth  almost  limits  itself  to  the  lymphatics.  Thus  there  may  be 
visible  under  the  pleura  a  network  of  a  whitish  colour  consisting  of 
lymphatics  occupied  by  cancerous  growth,  whilst,  on  section,  small 
white  nodules  are  seen  around  the  bronchi,  which  are  the  peribronchial 
and  perivascular  lymphatics  filled  with  cancerous  tissue. 


Fig.  553.-Sec;oudary  cancerous  tumours  in  the  lung. 

The  lungs  may  give  passage  to  the  cancerous  infection  whilst  thenv 
selves  unaffected,  or  only  to  the  slight  extent  mentioned  above.  The  e 
ly  thus  be  a  generalization  of  the  cancer  without  any  definite 
tumours  in  the  lungs. 

,„  i„,e„sti„g  <lemo»st,.tio„  of  the  coadilions  referred  to  .bove  was  .Boraed 
i/;ci:S  oooorred  to  the  „tl.or,  and  "".'^  "i^to  li» 

spaces  and  canals,    ine  pumaij- ou  nnp  nf  these  elands  was  adherent 

growths  had  occurred  in  the  prevertebra  ^^.^^''^''  J'l^^^^^  ^idst  of  can- 
to  the  vena  cava,  and  several  radicles  of  h:s  vem  ^^^l^'l'^J^L  detected  by 
cerous  glands.  Actual  cancerous  thron^b.  o  :!,X::Z  Zoerous  nrasses 
the  naked  eye,  and  under  the  microscope  it  was  seen 
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had  partially  penetrated  into  the  venous  radicles  in  the  glands.  On  examining  the 
lungs  with  the  naked  eye  it  could  be  seen  from  the  surface  that  the  new-formation 
was  largely  in  the  lymphatic  vessels  which  were  visible  as  a  white  network.  On 
section  the  arteries  were  usually  seen  to  be  surrounded  by  new-formed  tissue. 
Under  the  microscope  the  finer  branches  of  the  pulmonary  artery  were  found  to  be 
frequently  obstructed.  The  obstructing  material  was  not  entirely  cancerous  in 
structure,  but  there  was  often  a  round-cell  formation  with  now  and  again  a  distinctly 
cancerous  appearance.  In  most  cases  the  obstruction  was  complete.  Outside  the 
obstructed  arteries  there  were  spaces  and  canals  filled  with  cancerous  growths,  as 
shown  in  Fig.  554.  These  were  obviously  the  lymphatic  channels  of  the  sheath  of 
the  vessels  into  which  the  cancerous  formation  had  penetrated,  just  as  it  does  in 
primary  cancer  (see  Fig.  552). 


Th^pil'  f  ^•-.^'^''ollc  cancer  of  lung.  One  of  the  spaces  filled  with  eDitheliil  rpll« 
Jxtended."  xTo!''  '^"''^  ^^^^^         epUhe'f^Lfcelli  have 

Deciduoma  malignum  in  its  later  stages  frequently  shows  metastases 
in  the  lungs  (see  Fig.  555). 

Parasites  in  the  lun^.-These  are  of  very  rare  occurrence,  unless 
we  include  microbes  which  have  already  been  considered.    A  fungus  of 
he  Asperg:mus  form  has  been  found  in  a  few  cases,  in  cavities,  atd  in 
the  expectoration  in  some  cases  (Mycosis  of  the  lung) 

^Of  animal  parasites,  Echinococcus  is  most  frequently  seen.  There 
-ay  be  perforation  of  the  cyst  into  bronchus,  pleui-a,  or  peritoneum 
Th    parasite  is  generally  situated  in  the  lower  lobe.  Cysticers 
cellulos£e  has  also  been  observed  ^/fticeicus 

Irequent  parasite  in  Japan.    The  worms  are  about  three 
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eighths  of  an  inch  in  length,  and  their  eggs  appear  in  tbe  sputum  of 
the  patients,  which  also  contains  blood  (sec  p.  420). 


Fig.  555.— Metastases  in  the  lungs  in  deciduoma  malignum.    On  the  left  the 
pleural  surface  is  shown. 

Literature.-r~r.s-Eo™sKV,  Handbuch,  iii. ;  Vibchow,  Gesohwulste  ii. ; 
HEBBiKO,  Centralb.  f.  allg.  Path.,  ix.,  434,  1898;  Eb.hxh  (Cancer)   Vuch.  Au^h 
xlix.;  L..™s,ibid.,liii.;  Peb.s,  ibid.,  Ivi. ;  •' ^^^^^^^^^^^ 

and  Pabkbb,  Med.  Chir.  Trans.,  Ix. ;  M^bchx^tav.,  Exv  chn.  d.  ^o^^^^'^;^^^''^^ 
Path.  Trans.,  1888,  xxxix.,  326.    Parasite..    J/^/co^.-Vibchow  ffi^ 
andx  ;  FiJBBBiNaEB, ibid.,lxvi.;  EENON,Etude  ^-^''-^^^^^'^^'l^^^^^^^^^ 
.raphy).    Echinococcus-1nou.s,  Brit.  Med.  Jour.,  1885,  n     92;  L---^-  Kjs  - 
Caat^Ls  pendens,  1885  ;  Le..o.,  Cli.  Le.^^^^^ 


E.— The  Pleura. 
1  Affections  of  the  circulation.-There  can  scarcely  be  any  inde- 

significance  in  death  from  suftbcation  (see  p.  bl  J). 
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Haemorrhag'e  into  the  pleural  sac  arises  as  a  result  of  wounds,  rupture 
of  aneurysms,  and  sometimes  from  tubercular  or  cancerous  new-forma- 
tions in  the  pleura,  more  particularly  the  latter. 

Hydrothorax  is  a  dropsy  of  the  pleural  sac.  Hydrothorax  of 
local  origin  is  brought  about  by  conditions  which  obstruct  the  veins 
or  lymphatics.  It  is  induced  not  infrequently  by  malignant  tumours 
of  the  mediastinum  or  of  the  pleura  itself  It  is  frequently  part  of  a 
general  dropsy,  as  in  Bright's  disease,  caidiac  disease,  or  angemia. 
The  exudation  consists  of  clear  watery  fluid.  It  is  often  limited  by, 
adhesions,  which  latter  may  also  be  dropsical.  The  lung  is  compressed 
in  proportion  to  the  amount  of  fluid. 

Chylous  hydrothorax  is  a  rare  form,  arising  from  rupture  of  the 
thoracic  duct  (see  p.  101). 

2.  Inflammations  of  the  pleura.  Acute  pleurisy.— We  have  seen 
that  whenever  any  form  of  inflammation  comes  to  the  surface  of  the 
lung  it  causes  inflammatory  changes  in  the  pleura;  there  is  acute 
pleurisy  in  acute  pneumonia  and  in  caseous  phthisis,  and  chronic 
pleurisy  is  a  constant  accompaniment  of  all  forms  of  phthisis  pul- 
monalis.  On  the  other  hand,  the  pleura  seems  to  have  intimate 
connections  with  the  peritoneum,  as  there  are  lymphatic  channels 
passing  through  the  diaphragm  which  form  communications  between 
the  two  sacs,  and  so  pleurisy  often  follows  on  peritonitis. 
These  channels  are  doubtless  intricate  and  narrow,  so  that  the  diaphragm  acts 

tin    7  '""^  -  not  sufficient  to 

oZ    lirT'  °^        t-bercular  virus  from  the  one  to  the 

o  h«.  A  tubercu  ar  pentomtis  is  nearly  always  accompanied  by  a  tubercular 
pleurisy,  usually  hmited  to  the  lower  parts   of  the  sac.     Simflarly  a  se^ti^ 

irequentiy  lead  to  similar  formations  in  the  pleura. 

Besides  these  we  may  have  pleurisy  occurring  i„  the  course  of  some 

these  there  seems  to  be  a  more  independent  pleurisy,  produced  as  it  is 
-rf,  by  cold.    Whilst  cold  applied  to  the  chest  may  doubtless  I^d  to 

:t:e.rt:cEi:— ^  °'  -  '-^-^ 

«..ior  passing  .p,„j,  ,„  J  ^Tlll    .  fT"" 

covered  bj  the  oomp«v,ii,elv  thin  .   f  '        ""P'o'eeted  space 

„„„„ rib  t^\rr„:' :ir"'°"  rr'  •°" 

xais  part  is  also  removed  from  the  centre  of 
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heat  in  the  heart,  and  on  the  left  side  instead  of  the  Uver  there  is  the  hollow 
stomach.  On  the  right  side  the  liver  is  a  source  of  heat,  and  renders  the 
corresponding  part  on  this  side  less  exposed  to  cold  than  that  on  the  left,  but 
still  more  exposed  than  most  other  parts  of  the  chest.  It  is  probable  that,  in 
these  localities  especially,  cold,  acting  directly  on  the  chest  wall,  may  cause  an 
inflammation  of  the  pleura  by  depressing  the  temperature. 

In  its  Anatomical  details  acute  pleurisy  is  closely  analogous  to  acute 
pericarditis.  There  is  hypersemia,  soon  followed  by  a  thin  fibrinous 
deposit.  This  fibrinous  exudation  forms  at  first  a  soft  yellow  layer, 
which  often  attains  to  a  considerable  thickness,  and  later  shows  shaggy 
projections  from  the  pleural  surface  especially  in  the  region  of  the 
lower  lobe.  Serous  fluid  is  also  exuded,  sometimes  in  considerable 
abundance.    The  exudation  in  some  cases  is  hsemorrhagic  in  character. 

When  the  acute  inflammation  subsides  there  may  be  a  new-formation 
of  vascular  granulation  tissue  which  may  come  to  replace  the  fibrine. 
If  two  such  surfaces  come  into  contact,  by  absorption  of  the  serous 
fluid  or  otherwise,  coalescence  and  complete  union  of  the  surfaces 
occur,  and  the  granulation  tissue  afterwards  develops  into  connective 
tissue.  We  have  already  seen  that  the  fluid  accumulated  in  the  pleural 
sac  frequently  compresses  the  lung  greatly,  producing  collapse. 

Empyema  is  a  suppurative  inflammation  of  the  pleura.  It  may 
develop  from  an  ordinary  pleurisy  or  the  inflammation  may  be  sup- 
purative from  the  outset.  In  the  latter  case  there  has  usually  been 
some  specially  virulent  irritant  present  in  the  pleura,  as  where  a 
metastatic  abscess  in  the  lung  has  approached  the  pleura,  or  where 
pleurisy  is  one  of  the  phenomena  of  septicemia.  In  these  cases  the 
disease  is  generally  rapidly  fatal,  and  we  may  find  remains  of  the 
fibrinous  exudation  mixed  with  abundant  pus. 

Where  the  suppuration  has  come  on  in  the  course  of  a  simple 
pleurisy  the  disease  is  often  greatly  prolonged,  and  the  pleura  under- 
goes great  thickening,  being  converted  into  a  bulky  layer  of  granulation 
tissue  like  the  wall  of  an  abscess.  The  granulation  tissue  may  undergo 
partial  transformation  into  connective  tissue  with  occasional  adhesion, 
and  as  the  lung  has  been  compressed  by  the  exudation,  we  may  have, 
should  the  pus  be  discharged  or  partially  absorbed,  drawing  together 
of  the  chest  to  an  extreme  degree.  The  pus  may  dry-in  instead  of  being 
discharged  or  absorbed.  In  that  case  it  is,  in  course  of  time,  impreg- 
nated with  lime  salts,  so  that  considerable  masses  of  calcareous  matter 
may  be  found  free  in  the  pleura  or  embedded  in  adhesions.  Vexy 
striking  results  are  sometimes  brought  about  in  this  way  Ihe 
Zl  Zy  be  in  great  part  surrounded  by  a  cuirass  of  flat  calcareous 

plates. 
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3.  Chronic  pleurisy  and  Pleural  adhesions. — We  have  already  seen 
that  an  acute  pleurisy  may  result  in  adhesion  of  the  sac,  the  process  of 
adhesion  resulting  from  coalescence  of  the  surfaces  which  have  become 
like  granulation  tissue  from  the  inflammation.  Such  adhesion  will  not 
occur  so  long  as  fibrine  is  present  on  the  surface,  and  it  is  to  be  carefully 
distinguished  from  the  mere  glueing  together  which  may  occur  in  the 
earlier  stages  from  the  adhesion  of  the  fibrinous  exudation  on  opposed 
surfaces.  We  have  also  seen  that  in  the  frequent  chronic  pleurisy  of 
phthisis  a  similar  adhesion  occurs,  and  the  method  of  its  formation 
is  similar.  Without  any  fibrinous  or  serous  exudation  the  surfaces 
come  to  have  the  characters  of  granulation  tissue,  and  coalescence 
with  vascular  communication  occurs. 

4.  Tuberculosis  of  the  pleura.— This  manifests  itself  chiefly  as  an 
inflammation  of  the  pleura,  and  hence  is  identical  with  Tubercular 
pleurisy.  The  tubercle  bacillus  does  not  usually  reach  the  pleura 
directly  from  the  lung  in  phthisis  pulmonalis,  the  pleurisy  associated 
with  phthisis  being  usually  non-tubercular.  On  the  other  hand,  the 
infection  may  reach  the  pleura  by  a  local  extension  from  the  peri- 
cardium or  peritoneum,  from  a  tubercular  lymphatic  gland  at  the  root 
of  the  lung,  or  from  a  tubercular  abscess  in  connection  with  the 
vertebra.    It  may  also  be  conveyed  by  the  blood. 

Tuberculosis  generally  manifests  itself  at  first  as  an  acute  or  sub- 
acute inflammation,  accompanied  by  abundant  fibrinous  exudation, 
sometimes  mixed  with  blood.  The  tubercles  are  buried  under  the 
exudation,  which  may  be  very  tough,  and  they  may  escape  detection 
unless  the  fibrine  be  peeled  ofl;  They  are  often  best  seen  between  the 
lobes  of  the  lung,  where  the  close  contact  of  the  surfaces  hinders  the 
deposition  of  fibrine,  and  here  they  are  visible  as  closely-set  white 
nodules.  The  inflammation  may  go  on  to  suppuration,  so  that  we  may 
have  an  empyema. 

The  acute  character  usually  subsides  after  a  time,  and,  with  chronic 
mflammation,  new-formation  of  connective  tissue  occurs,  forming  firm 
adhesions  in  the  midst  of  which  the  tubercles  may  be  found.  As  in  the 
case  of  tubercular  pericarditis,  the  adherent  and  coalesced  pleura  will 
show  two  layers  of  tubercles,  one  belonging  to  the  visceral  and  the 
other  to  the  parietal  layer. 

There  may  be  a  partial  extension  of  the  tuberculosis  into  the  lune 
along  the  interlobular  septa,  but  it  is  a  very  superficial  process 

nhthi.^'''''?*^"  r""-"^^^'  ''^''''^  connection  with 

the  r  r       '^'''r^  «f  '^^^^  indicated  is  that  in 

t  s  d  !  "^'^'"'^  remainder  there  are  some  in  which 

due  to  empyema-the  visceral  pleura  having  softened  and  the  lung 
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having  become  ulcerated  so  as  to  communicate  with  the  pleura, — and 
others  in  which  it  is  due  to  gangrene  of  the  lung,  or  to  metastatic 
abscesses,  or  to  the  bursting  of  emphysematous  vesicles,  or  to  a 
traumatic  cause. 

The  air  in  the  pleural  cavity  is  usually  at  a  high  pressure  and  the 
cavity  is  much  distended,  so  that  when  the  chest  is  opened  the  air 
rushes  out  with  some  force.  The  pleural  cavity  as  exposed  presents  a 
remarkably  empty  appearance,  the  lung  being  compressed  except  where 
there  are  adhesions,  which  may  form  tense  bridges  across  from  parietal 
to  visceral  layer  or  may  limit  the  pneumothorax  considerably.  If  the 
patient  live  there  is  nearly  always  an  acute  suppurative  pleurisy,  so 
that  the  condition  may  be  designated  Pyo-pneumothorax. 

Experimental  observation  seems  to  show  that  the  air  may  be  ab- 
sorbed, and  this  is  confirmed  by  actual  clinical  observation. 

6.  Tumours  of  the  pleura.— Primary  tumours  are  rare,  but  cases  of 
osteoma  and  of  lipoma  have  been  recorded. 

Primary  cancer  occurs  in  the  pleura,  forming,  according  to  some, 
Endothelial  cancer  or  Endothelioma.  In  most  of  the  recorded  cases 
there  has  been  great  thickening  of  the  pleura  and  the  tumour  formation 
was  in  some  apparently  related  to  the  lymphatics.  The  pleura  has 
usually  contained  a  bloody  fluid  and  has  been  coated  with  coagulum 
sometimes  with  the  appearance  of  acute  pleurisy.  In  some  cases  there 
has  been  metastasis  to  other  organs. 

In  a  case  observed  by  the  author  there  were  numerous  tumours  on  the  pleura, 
and  also,  by  coalescence,  larger  masses,  forming  a  layer  of  considerable  thickness. 
The  tumours  were  almost  continuous  over  the  pleura,  and  there  was  no  tumour 
anywhere  else.  The  sac  was  greatly  distended  with  a  blood-coloured  fluid,  measur- 
ing 140  ounces,  which  had  deposited  a  loose  brown  coagulum.  Durmg  life  the  case 
resembled  one  of  acute  pleurisy  with  great  effusion.  Paracentesis  was  twice  per- 
formed, and  a  bloody  fluid  withdrawn. 

Microscopic  examination  showed  the  tumour  to  be  a  superficial  cancel  of  the 
pleura  There  was  the  usual  stroma  enclosing  epithelial  cells,  which  were  fre- 
quently fatty.  The  tumours  were  not  at  all  deep  in  the  substance  of  the  pleu  a, 
there  being  always  a  layer  of  connective  tissue  beneath  them.  (See  Glasg.  Med. 
Jour.,  July,  1889.) 


SECTION  VI. 


DISEASES  OF  THE  THYROID  AND  THYMUS  GLANDS  AND 
OF  THE  SUPRARENAL  BODIES. 


A.  -The  Thyroid  Gland.-].  Inflammation;  tuberculosis;  syphilis.    2  Exoph- 

thalmic goitre  ;  Graves'  or  Basedow's  disease.  3.  Simple  goitre  or  Broucho- 
cele  ;  consists  of  hypertrophy  and  adenoma  ;  colloid  change  usually  present  • 
fibrous  induration  and  calcification ;  goitre  with  secondary  tumours.  4.' 
Tumours. 

B.  — The  Thymus.— Its  various  diseases. 

C.  -The  Suprarenal  Bodies.— Chiefly  Addison's  disease. 

A.— The  Thyroid  Gland. 

rpHE  thyroid  gland  consists  of  saccules  of  various  shapes  lined  with 
epithehum.  In  these  saccules  there  is  often  a  little  clump  of 
colloid  matter,  the  amount  of  which  varies  within  normal  limits  The 
gland  has  no  duct,  and  its  secretion  presumably  passes  into  the  blood 
by  the  lymphatics  or  the  veins.  This  secretion  has  evidently  a  most 
important  function  in  the  animal  economy  ^ 
as  excision  or  atrophy  of  the  gland  leads 
to  a  serious  train  of  symptoms  (see  under 
Myxoedema). 

1.  Inflammation  of  the  thyroid  gland 
(Thyroiditis),  resulting  sometimes  in  sup- 
puration, may  arise  from  injury,  from 
septic  infection,  or  from  other  less  obvious 
causes.  Its  occurrence  has  been  noted 
during  the  course  of  enteric  fever,  diph- 
theria, and  acute  rheumatism.  Tubercu- 
losis of  the  gland  is  not  very  uncommon 
in  cases  of  general  tuberculosis.  The 

smalllr  ^'^  ^'"^ 

rkrgemeTt'if'tl.!^'^;       ^'^  I^^'^'  caseating  masses,  causing  actual 
gement  of  the  gknd  (Tuberculous  goitre)  are  occasionaUy  seen. 


''.^''■"-Tuberculosis    of  the 
thyroid  gland  of  i  child. 
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Syphilis  very  rarely  affects  the  thyroid  gland.  Gummata  have  been 
observed  in  a  few  instances. 

The  principal  diseases  of  the  thyroid  gland  are  associated  with 
enlargement,  and  to  these  names  Goitre  and  Struma  are  applied. 

•2.  Exophthalmic  goitre  (Graves'  disease,  Basedow's  disease).— This 
disease  has  already  been  considered  (see  p.  236). 

3.  Simple  goitre.  Bronchocele  (also  called  in  German  Struma  and 
Kropf).— This  disease  consists  in  an  enlargement  of  the  thyroid  gland. 


Fig.  55T.-Goitre.    There  is  eulargeineut  chiefly  of  the  loft  lobe  of  the  thyroid. 

which,  occurring  as  it  does  chiefly  in  certain  specific  localities,  has  been 

ascribed  to  some  Miasma.  Within  -^^V'^  %."TeTnL  " 
been  found  in  the  blood  of  goitrous  patients  (Grasset).  The  enlaige 
ment  of  the  gland  may  be  uniform,  but  in  many  cases  it  is  unsym- 

metrical,  as  in  Fig.  557.  .      .,        .  nm-mil 

The  lesion  in  ordinary  goitre  is  primarily  an  increase  of  the  noxmal 

eland  tissue.    This  has  sometimes  the  characters  of  a  simple  Hyper- 

t  ophy    he  saccules  being  multiplied.    In  other  cases  the  new-formed 
ssue";  discontinuous,  occurring  in  the  form  of  separable  tumoux.  in  the 

r::rt  of  the  gland  (Fig.  153,  p.  319).   To  this  form  the  name  Adenoma 
eiven    In  many  cases  hypertrophy  and  adenoma  co-exist. 
In  both  forms  the  tissue  is  liable  to  secondary  changes.    An  a  mo 

conlnttnron  is  colloid  degeneration.  Some  saccules  nearly  alwa>  s 
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contain  colloid  matter,  and  in  many  cases  there  are  many  saccules 
greatly  enlarged  and  distended  with  this  substance.  When  this  is 
sufficient  to  give  a  character  to  the  naked-eye  appearances  the  term 
Colloid  goitre  is  used.  Some  of  the  altered  saccules  may  assume  pre- 
ponderating dimensions  so  that  Cysts  develop. 

The  affected  gland  not  infrequently  undergoes  Fibrous  induration  ; 
the  capsule  and  the  connective-tissue  septa  become  thickened.  In  the 
midst  of  the  fibrous  tissue  pieces  of  gland  tissue  which  have  under- 
gone necrosis  may  be  visible.  In  such  indurated  glands  calcification 
commonly  ensues,  especially  in  necrosed  parts.  A  true  ossification  has 
also  been  observed. 


rafslfd  anlTasTarrioYthrCou^  The  du,-a  mater  is 

place  perforated  ^"""^  tissue  with  it.    The  bone  is  eroded,  and  in  one 

Goitre  is  usually  a  simple  affection,  but  a  few  cases  are  on  record  in 

observed  bv  r  T"":  ''^''^'P^''  ^'^^^^  b^-'         ^  -se 

of  Te  sk'll  T"'  "^"^^  ^"^^  -  bones 

f  pres"ent?  th  M  ^"  ^^^^  ^^T 

r/pri  e   f\S^  —pie 

boL  which  had  eXlbf  f  nF  :r59\hrmr  '''''''' 
nf  t>io  f,,^       •     •  "  ^^S- t'oy  the  microscopic  Structure 

tz::ziir  "-^"'^ 

It'oln:;/       "'"'f  S>a"d.-Cancer  is  not  very  „„c„„,m„„. 

cylmto  L  "I"""'^  g'""''"'-  -^--^  but  also  as  a 

«  celled  tumour.    Sarcoma  also  occurs.    WMer  has  observed, 
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besides  the  ordinary  round-celled  tumour  and  spindle-celled  forms,  a 
true  giant-celled  sarcoma.  In  a  case  of  round-celled  sarcoma  observed 
by  the  author  there  were  two  large  cysts,  and  the  tumour  extended 
down  into  the  chest  as  far  as  the  pericardium.  It  also  incorporated 
the  anterior  wall  of  the  trachea. 


Fig.  550._Section  of  a  secondary  tumour  in  bone  in  a  case  of  goitre,    x  300. 

UteT3,tMTe.— Inflammation— XocnE^^,  Deutsche  Zeitschr.  f.  Chir.,  x.,  1878; 
Beiegeb  (Diphtheria),  Charit6-ann.,  viii.,  1883 ;  Jeanselme,  Gaz.  des  H6p.,  15, 1895. 
Ttiberculosis-GniARi,  Med.  Jahrb.,  Wien,  1878  ;  Brun's  Beitrage  z.  Mm.  Chir.  x 
1892  (literature).  Syphilis-BmTS  et  Gombault,  Progrte  m6d.,  1884.  A  very  full 
account  of  Goitre  and  Tumours,  with  many  illustrations  by  Wolfler,  m  Langen- 
beck's  Arch.,  xxix.,  1883;  Viechow,  Krank.  Geschwiilste,  iii. ;  Gtjtknecht,  Virch. 
Arch  xcix.;  Bircheb,  Der  endemische  Kropf,  1883;  M'Kenzie,  Glas.  Med. 
Journal,  li.,  1899  ;  Geasset  (Ha^matozoa),  Brit.  Med.  Jour.,  ii.,  1898.  6o^tre  with 
.secondary  tumours-Cou^^KTU,  Virch.  Arch.,  Ixviii.,  1876;  Moeeis,  Path  Trans., 
xxxi.,  1880 ;  Coats,  ibid.,  xxxviii.,  1887  ;  Odeefeld  und  Steinhaus,  Centralb  f.  allg. 
Path.,  xii.,  209,  1901.  Tumours-Bi^csEB,  in  Volkmann's  Sammlung,  No.  222; 
Coats',  Cat'al.  of  Pathological  Museum,  Western  Infirmary,  Glasgow. 


B.  The  Thymus  Gland. 

The  thymus  gland  is  sitiiated  in  the  upper  part  of  the  anterior 
mediastinum,  extending  up  in  front  of  the  trachea  nearly  as  high  as  the 
thyroid  gland.  It  attains  its  largest  size  about  the  second  year  of  life, 
remains  stationary  from  that  time  till  the  fourteenth  year  and  then 
gradually  atrophies.  The  atrophy  is  associated  with  an  infiltmtion  of 
fdipose  tissue.  By  some  the  gland  is  regarded  as  lymphatic  n 
structure  and  function,  but  embryologically  it  seems  to  have  an 
epitrelial  origin.  It  contains  round  bodies  which  are  sometimes 
calcified-the  so-called  Concentric  bodies  of  Hassall. 
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The  thymus  is  liable  to  Inflammations  like  other  glands.  Hyper- 
trophy also  occurs,  and  cases  of  asthma  and  of  spasm  of  the  glottis 
resulting  sometimes  in  sudden  death  have  been  ascribed  to  this  con- 
dition, but  without  sufficient  evidence. 

Enlargements  occur  in  Leukaemia  and  in  Hodgkin's  disease,  the 
relation  of  the  organ  to  the  spleen  and  lymphatic  glands  being  thus 
indicated. 

Tumours  also  occur,  chiefly  sarcomas,  and  cancers. 

Syphilis  sometimes  manifests  itself  by  the  presence  of  gummata 
Tuberculosis,  according  to  Jacobi,  is  not  of  infrequent  occurrence,  both 
as  a  local  affection  and  in  general  tuberculosis. 

Literature  -Sanne,  in  Diet,  encycl.  des  sc.  raed.,  Article  Thymus,  1887;  Jacobi 
Cornptes  rendus  du  Cougr^s  pour  I'etude  de  la  tuberculosa  1888,  and  Anat.  aui 
Path,  of  thymus,  Trans.  Assoc.  of  Amer.  Phys.,  Sept.,  1888. 


— The  Suprarenal  Bodies. 
The  function  of  these  bodies  is  quite  obscure,  but  some  writers,  on 
presumed  analogy  with  the  thyroid  gland,  have  supposed  that  they 
secrete  some  substance  necessary  for  the  economy.  With  a  few  excep- 
tions their  diseases  are  of  minor  importance.  Accessory  suprarenal 
ZZZ        r  or'pla'ues  are 

K  dnev      T."      "  "r"'""  ^^^"^^^         Tumours  of 

Kidney)     They  occur  also  in  the  neighbourhood  of  the  main  supra 

ar- t:x:::nr"   °'    - — 

Addison's  disease  is  demonstrably  connected  in  the  great  maioritv  of 
s  it  aced  bv  '''''  ^ 

renalis  is  a  name  used  by  VircLw  2/-'j^^-/^7™«  ^^^'^"^-^^^^ 
of  suprarenal  tissue  rich  in  fat     Cvst«   7    '""[^'Sement  composed 
sometimes  found  in  conn!  f  ^  '  ^"^"^^^^^^S^^  or  serous,  are 

tound  in  connection  with  the  suprarenal  glands  (see  Fig  560) 
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Ganglionic  neuromas  have  been  observed  in  very  rare  instances. 
Primary  sarcoma  is  an  occasional  tumour.  A  case  of  primary  double 
sarcoma  is  recorded  by  Affleck  and  Leith,  who  also  give  references 
to  two  other  cases  seen  by  Leith  and  to  sixteen  recorded  cases.  The 
case  given  showed  cells  of  various  sizes,  many  multinucleated.  There 
were  secondary  tumours  in  various  regions.    Most  recorded  cases  are 


Fig.  uliO.  Cyst  of  the 
suprarenal  body,  a  large 
amount  ot  osseous  tissue 
was  found  in  the  wall. 


Fit?  5lil.- Secondary  cancer  of  suprarensil 
bodies.    The  gi-owths  are  shown  in  section. 


spindle-cells ;  some  have  been  cystic.  A  case  of  bulky  spindle-celled 
sarcoma  is  recorded  by  the  author.  Cases  of  primary  cancer  have 
been  reported  by  a  number  of  observers.  Histologically  the  growths 
often  closely  resemble  sarcomas.  Secondary  cancer  in  the  form  ot 
isolated  nodules  is  not  uncommon  when  generalization  of  cancer  has 

occurred  (see  Fig.  561). 

In  addition  the  organs  are  liable  to  the  usual  pathological  changes, 
but  these  are  chiefly  secondary  to  affections  of  other  organs  Thus  we 
have  inflammation,  haemorrhage,  fatty  degeneration,  amyloid  degcnera- 
tion,  etc. 

Literature  -Apbisok,  Oa  the  constitutional  and  local  effects  of  disease  of  the 
3u~:apsules,  London,  1854;  ,^^^^"^"1:^, 
Trans.  Internat.  Med.  Cong.,  London,  u.,  IbSl    Von  KAHLnE^  v: 
114    1888-  Ltjbabsch,  Ergebnisse  d.  allgem.  Path.,  etc.,  ni.,  1896  (hteiatuie) , 

itr;,  B      Med.  Journ.  i.,  -^^-'^  f  ^^^.^.^xs^m  f  M^^^^^ 
r«mo«,-.s-A...KCK  and  L.ixh  Ec^i-.H-P^.^  ^^-^   tr,;^™  \!d  nal  tissue  in 

Jan.,  1903. 
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DISEASES  OF  THE  ALIMENTARY  CANAL. 

A.  — The  Mouth. —I.  Malformations  and  retrograde  changes.    II.  Inflammations. 

1.  Catarrh.  2.  Thrush,  3.  Special  inflammations,  4.  Cancrum  oris,  5.  Glossitis 

III.  Infective  and  other  tumours-Syphilis,  Tuberculosis,  Tumours  proper 

IV.  Affections  of  the  Teeth-1.  Caries,  2.  Inflammations  about  the  teeth, 
3.  Syphilitic  teeth,  4.  Tumours  conuected  with  the  teeth. 

B.  -The  Soft  Palate,  Pharynx  and  Tonsils.   1.  Malformations,  2.  Catarrhal  angina 

3.  Phlegmonous  inflammation,  4.  Diphtheria,  5.  Acute  tonsillitis,  6.  Chronic 
tonsillitis,  7.  Syphilitic  disease,  S.  Tuberculosis,  9.  Tumours 

C.  -The  (Esophagus.    1.  Dilatation,  (a)  General  Dilatation,  (/;)  Partial  dilatation 

mcludmg  Pulsion-Diverticulum  and  Traction-Diverticulum,  2.  Obstruction' 

3.  Inflammation-Syphilis-Tuberculosis,  4.  Rupture  and  perforation' 
0.  iumours.  ' 

TT't  ^^'^  post-mortem  changes.    I.  Malformations 

and  contractions.  II.  Dilatation  and  Hypertrophy.  III.  Inflammations 
including  catarrh  and  eff-ects  of  corrosives  and  poisons.  IV.  Simple  ner' 
foratlng  ulcer-Characters;  Effects  and  modes  of  origin.  V.  Hyperemia 
and  Hemorrhage.  VI.  Tuberculosis  and  Syphilis.  VII.  Tumours,  prfnc'pX 
Cancer.  Structure  and  mode  of  growth  of  cancers.  Forms-  .'cS  ^ 
celled  epithelioma,  2.  Soft  cancer,  3.  Scirrhus,  4.  Colloid  cancer. 
E.-The  lntestmes.    Introduction  and  post-mortem  changes.    I.  Malformations 

tions-l.  Dysenterv  9  Pi,„|       o   ^PP^°*^i«'*is.    VII.  Specific  Inflamma- 

-i>'j'sentery,  z.  Cholera,  3.  Typhoid  fpvpr  d.    Ar,fi,        ^    «  . 
mycosis.     VIII    Ti,hprr„i„o4c  c  -^^P  Anthrax,  5.  Actino- 

JNTEODUCTION    The  alimentary  eanal  is  lined  a.„„„h„„t  w 

membrane  andt  soIT      ,T  "'."'""'^  '^^'"'^  'I'' 

Clffleront  structures,  but  everywhere  seerete  materials  that 
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pass  into  the  canal.  In  addition  to  these  there  are  in  many  parts 
closed  follicles  of  a  lymphatic  structure  which  usually  lie  near  the 
surface  and  frequently  take  part  in  changes  going  on  there.  Beneath 
the  mucous  membrane  is  the  sxibmucous  tissue  which,  for  the  most 
part,  is  loose,  and  so  allows  the  mucous  membrane  to  go  into  folds  or 
be  stretched  out  flat  according  to  the  state  of  dilatation  or  contraction 
of  the  canal.  Outside  this  there  is  a  muscular  coat,  generally  in  two 
layers  by  means  of  which  movements  and  variations  in  calibre  are 
effected.  In  most  parts  of  the  intestinal  canal  there  is  a  limiting 
serous  coat. 

In  the  diseases  of  the  alimentary  canal  it  is  chiefly  the  mucous 
membrane  that  we  have  to  deal  with,  the  subjacent  structures  bemg 
usually  subordinate  and  affected  secondarily.  The  serous  coat,  it  is 
true  is  often  aff'ected  independently;  its  diseases,  however,  do  not 
belong  specially  to  the  alimentary  canal,  but  to  the  peritoneum  as  a 
whole  The  mucous  membrane,  on  account  of  its  exposure  to  a  variety 
of  influences  derived  from  the  varying  contents  of  the  canal,  is  specially 
liable  to  inflammation,  and  the  great  majority  of  the  diseases  to  be 
considered  here  are  inflammatory. 

A.— The  Mouth. 
As  the  mouth  is  exposed  in  a  special  manner  to  external  influences, 
its  mucous  membrane  possesses  an  epithelium  in  many  layers,  and  it  is 
not  nearly  so  liable  to  inflammation  as  are  most  other  parts  of  the 
alimentary  canal.  It  is  to  be  noted  that  even  extensive  wounds  of  the 
mouth  do  not  commonly  take  on  a  septic  character. 

I  -MALFORMATIONS  AND  RETROGRADE  CHANGES 

Malformations  of  the  mouth  are  represented  by  Cleft-palate  and 
Hare-lip  which  have  been  already  referred  to  at  p.  53. 

Atrophy  of  the  tongue  is  a  regular  result  of  bulbar  P-aly-  wh- 
the  fucS  of  the  hypoglossal  nerve  has  been  ^r^^^^^ 
.c«P     Hemiatrophy  is  a  much  more  rare  lesion.    It  occurs  loi  m 

it.  coLe  by  wounds,  turnouts,  d,sea.e  J'^^;,  ,  ,e«„„ 

observed  in  cases  of  locomotor  ataxia  in  which  there  may 

It^tn  obferved  in  .he  form  of  ""^ttrS  egi't: 
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Literature.— Erb  (with  literature),  Deutsch.  Arch.  f.  klin.  Med.,  xxxvii.,  1885  ; 
Eathond  et  Artadd  (atrophy  in  tabes),  Arch,  de  Physiol,  norm,  et  path.,  1884; 
ZiEGLER  (amyloid  disease),  Virch.  Arch.,  Ixv.,  187.5. 

II.— INFLAMMATIONS  OF  THE  MOUTH.  STOMATITIS. 
1.  Catarrh.— If  we  leave  out  of  view  the  catarrhs  of  the  fauces  and 
pharynx,  which  we  consider  afterwards,  Simple  catarrh  of  the  mouth 
is  exceedingly  rare  as  a  primary  disease.  It.is  not  infrequent,  however, 
as  a  secondary  affection,  arising  from  the  irritation  of  carious  teeth, 
from  the  use  of  mercury,  the  presence  of  ulcers,  etc.  It  is  also  of 
frequent  occurrence  in  the  acute  fevers,  especially  typhus,  scarlet  fever, 
small-pox,  and  measles.  In  these  fevers  there  is  also  a  catarrh  of  the 
stomach,  and  the  inflammation  in  both  seems  due  to  the  action  of  the 
morbid  poison  in  the  blood. 

The  mucous  membrane  is  swollen  and  red  and  there  is  greatly 
mcreased  desquamation  of  the  epithelium,  especially  inside  the  cheeks 
and  on  the  tongue.  The  desquamated  epithelium  is  mixed  ^vith  leuco- 
cytes, serous  exudation,  and  mucus  in  varying  proportions,  and  on  that 
account  it  has  varying  characters.  On  the  tongue  there  is  usually 
much  epithelium  which  lies  on  the  surface,  and  so  a  tolerably  thick 
layer  IS  formed  mostly  of  a  whitish  or  yellowish  colour-Furred  tongue 
On  the  cheeks  and  gums  there  is  more  fluid  and  less  epithelium, 
and  consequently  less  tendency  to  the  formation  of  deposits.  In  the 
midst  of  the  epithelium  and  leucocytes  bacteria  and  leptothrix  and 
fungus  threads  are  to  be  found,  indeed,  the  thick  deposit  on  the  furred 
tongue  IS  largely  composed  of  microbes  of  many  kinds.  If  the  patient 
s  feverish  and  lies  with  the  mouth  open,  the  catarrhal  products  dry  in 
..nd  form  a  dirty  brownish  coating  of  the  tongue  and  gums  which  Ls 
under  the  name  of  Sordes.  ^ 

glands  and  they  may  form  prominent  nodules  or  vesicles  To  this 
form  the  name  Follicular  stomatitis  has  been  given;  T  frenuenMv 

albicans.  11^°,,*  0^-2  "  f"W.=-fte  Oldium 

but  is  al,o  ocearnalt        ■  ^"""^  ""'"'■■'"'■y  *M'-<=n. 

occasionally  seen  ,n  emaciated  adults,  as  in  diabetes.  The 
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normal  secretion  of  the  mouth  is  alkaline,  but  in  this  disease  it  becomes 
acid,  which  may  perhaps  be  the  reason  that  the  fungus  develops.  The 
mucous  membrane  is  found  beset  with  small  white  spots,  which  look  like 
small  portions  of  white  curd  on  the  surface.  These  patches  are,  how- 
ever, adherent,  and  on  removing  them  the  mucous  membrane  beneath 
will  be  found  red  and  bleeding.  The  white  patch  consists  of  epithehum 
united  into  a  membrane  by  the  fungus,  the  oidium  albicans  (Fig. 
562).  It  consists  of  branching  threads  composed  of  elongated  cells 
placed  end  to  end  and  sometimes  losing  themselves  in  masses  of  spores. 
The  aphthous  patches  frequently  extend  from  the  mouth  downwards  to 
the  pharynx  and  oesophagus. 


Pi,  affect...  Ihe  tongue  and  ceso^hagus  In  a  cUUd  the  su.>iect  of 

extensive  tuberculosis. 

,   Snecial  forms  of  inflammation.-In  Small-pox,  besides  the 
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soon  discharged,  and  superficial  ulcers  result.    In  Scurvy  there  is  great 
swelling  and  oedema  of  the  mucous  membrane  of  the  gums  around  the 
teeth.     The  gums  bleed,  and,  apparently  as  a  consequence  of  this, 
ulcers  form  around  the  teeth  and  may  extend  down  to  the  bone, 
which  may  undergo  necrosis.     Very  often  the  teeth  are  loosened. 
As  a  consequence  of  the  use  of  mercury  we  sometimes  have  a  severe 
stomatitis.    It  occurs  mainly  after  the  medicinal  use  of  mercury,  but 
also  among  workmen  who  make  use  of  it  in  their  occupations.  The 
mucous  membrane  is  swollen,  especially  that  of  the  gums  and  cheeks, 
and  there  is  severe  salivation.    Ulcers  frequently  form,  especially  on 
the  internal  surface  of  the  cheeks  and  lips,  and  on  the  edges  of  the 
tongue.    They  may  be  in  the  form  of  flat  excoriations  or  deeper  ulcers 
with  a  membranous  covering. 

4.  Cancrum  oris,  Noma,  or  (Jangrenous  stomatitis.— This  disease, 
which  is  fortunately  a  rare  one,  occurs  in  badly  nourished  children, 
particularly  when  reduced  by  severe  illness  such  as  scarlet  fever  or 
measles.  It  presents  itself  first  as  a  difl["use  swelling  of  the  cheek  which 
is  seen  to  be  tense,  red,  and  glistening,  with  one  spot  in  the  centre 
usually  redder  than  the  rest.    On  examining  the  inside  of  the  mouth 
there  is  already  an  excavated  ulcer  opposite  the  red  spot  on  the  cheek, 
and   the  gums  opposite  may  also  be  ulcerated.     As  the  disease 
progresses  more  and  more  of  the  mucous  membrane  of  the  mouth  is 
ulcerated  away.    At  the  same  time  the  red  spot  on  the  cheek  becomes 
black  m  the  centre,  and  afterwards  extends  in  area.     By  and  by  a 
slough,  which  varies  in  size,  separates  and  a  communication  forms 
through  the  cheek  with  the  inside  of  the  mouth.    If  the  patient 
survive,  still  further  destruction  occurs,  the  necrosis  passing  on  to  the 
surrounding  skin  of  the  face,  even  to  the  ear  and  eyelids.    There  may 
be  necrosis  of  the  jaws.    Not  infrequently  this  disease  is  associated 
mth  a  gangrenous  pneumonia  and  there  are  general  symptoms  of 
septic  poisoning.  ^ 

thlttfT  f """"""  "  progressive  necrosis,  so  that  in  a  section 
through  the  advancing  edge  there  is  in  the  parts  already  necrosed 
an  absence  of  nuclear  differentiation.  This  islunded  by'  a  h  g  ' 
c^dar  area  evidently  from  inflammation.  It  is  apparent  that^  I 
moibific  agent  produces  necrosis  almost  directly,  but  in  front  of  it! 
advance  it  also  leads  to  inflammation,  which  is  n';  very  great 

at  t    Tl:J:Tt  "^"^^  ofLomposition 

the  n  crt  d  tut  2  "  '"I  ""''^^^^^  ^^"^^  «f  ^  bacillus  into 
form  ofTon^h  """^'^'"'^  ^he  microbe  was  in  the 

tV-d^"^  «P--.  -cl  it  extended 
.  numbers  to  the  very  edge  of  the  necrosis,  and  to  a  very  slight 
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extent  beyond  it  into  the  inflamed  part.  The  bacillus  was  apparently 
anaerobic,  growing  into  the  tissue  away  from  the  surface.  It  was 
readily  stained  by  Gram's  method,  but  not  by  ordinary  watery 
solutions. 

5.  Inflammation  of  the  tongue  deserves  a  brief  special  notice.  ^^  e 
have  seen  that  the  tongue  takes  part  in  most  of  the  inflammations  of 

the  mucous  membrane,  but  some- 
times it  becomes  the  seat  of  a 
special  inflammation  of  its  sub- 
stance, a  true  Glossitis.  This 
may  occur  as  a  result  of  wounds 
or  irritations  from  without,  or 
in  the  course  of  such  diseases  as 
erysipelas  and  small-pox.  The 
tongue  swells  greatly  in  conse- 
quence   of    the  inflammatory 
infiltration    of   the  interstitial 
connective  tissue,  and  this  some- 
times, though  rarely,  goes  on 
to  the  formation  of  abscesses. 
The  muscular  fibres  are  swollen, 
pale  and  brittle.     Usually  the 
inflammation  ends  in  resolution, 
but  sometimes  it  becomes  chronic,  and  there  may  be  great  increase  of 
connective  tissue  with  permanent  induration  of  the  tongue. 

6  Leucoplakia  (Leucoma,  Psoriasis,  Tylosis,  Keratosis).-A  not 
infrequent  result  of  chronic  glossitis  is  the  occurrence  of  bluish-white 
or  pearly  patches  or  plaques  on  the  surface  of  the  tongue.    As  a  rule 
they  are  smooth,  but  sometimes  their  surface  is  warty  (Ichthyo^s  Ungu^). 
They  are  generally  referred  to  some  irritating  cause,  and  are  tre- 
quently  seen  in  smokers,  but  doubtless  some  are  more  predisposed  than 
o  hers     The  papilla  in  the  patches  are  almost  if  not  qmte  obliterated 
the  epithelium  I  considerably  altered,  and  there  is  an  fl;-;?-  f 
■ound  cells  in  the  underlying  tissues.    The  chief  interest  of  this  con- 
dition Ues  in  the  fact  that  very  frequently  epithelioma  develops  in  a 
tongue  so  affected  (see  Fig.  563). 


Fis  503.— Caucer  occurring  in  a  tongue,  tlic 
seat  of  leucoplakia.  (Fi-ora  a  drawing  by  Dr. 
Alex.  Macphail.) 


TTI  -INFECTIVE  TUMOURS  AND  TUMOURS  PROPER 
OF  THE  MOUTH. 

Syphilis.-Various  syphilitic  lesions  are  met  with  in  the  mouth, 
ranging  from  slight  inflammation  to  deep  ulceration. 
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It  is  not  uncommon  to  meet  with  a  Primary  chancre  on  the  lip. 
In  that  case  there  is  a  prominent  tumour  which  has,  in  more  than  one 
instance,  been  taken  for  an  epithelioma.  On  microscopic  examination 
the  tumour  is  found  to  consist  of  immense  aggregations  of  round  cells 
which  may  be  altogether  beneath  the  epithelium. 

The  Catarrh  which  accompanies  the  Secondary  stage  is  often  very 
slight,  but  it  may  be  accomjjanied  by  superficial  ulceration  of  consider- 
able extent.  Mucous  patches.  Flat  condylomata,  or  Warts,  are 
particularly  frequent  in  the  mouth,  and  they  often  break  down  and 
form  superficial  ulcers,  especially  on  the  lower  lip  and  at  the  angle 
of  the  mouth. 

The  deeper  ulcers  arise  in  connection  with  Gummata,  which  form  in 
the  substance  of  the  mucous  membrane,  and  may  lead  to  very  serious 


Pig.  5ti4.-Wanderina  >.'M;.    ,   ,      the  tongue  of  an  infant. 

loss  of  substance.  If  healing  occurs  a  cicatrix  forms,  but  cicatrices 
sometimes  occur  without  ulceration  having  taken  place,  the  gumma 
tself  giving  place  to  a  cicatrix.  The  gummata  not  infrequently  have 
thear  sea  deep  in  the  substance  of  the  tongue,  and  the  resulting  cica- 
olZlZn^  ^'^^"^^  '^^^y  --ked  deformity 

someJhT  '^'^ir  "  occasionally  shows  circular  patches 

rarld  b?r    T  ""^^"^^^^  (^^^  ^'S-  These  were 

prfof    The  te  "  ^^^'^^^^  ^^^^  ^^^^^^^^^  -^--t 

thTs  condkion  ™  T""'      Wandering  rash  is  applied  to 

nn L!!  /     ,  '"''^'^'S  manner  in  which  these 

patche  travel  over  the  surface  of  the  muco^  membrane. 

the  sk         Lu.  -^^y  -^-d  from 

in  Lupus,  and  m  that  case  sometimes  produces  considerable 
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ulceration.  Tuberculosis  of  the  tongue  is  the  most  common  form  of 
buccal  tiiberculosis  (see  Fig.  565).    There  may  be  a  somewhat  deep- 


Fig.  5(35.— Tubercular  ulcer  ot  the  tip  of  the  tongue. 

seated  infiltration,  so  that  tubercles  are  present  even  amongst  the 
muscles  (see  Figs.  566  and  64,  p.  191).     Interstitial  inflammation 


F,,  500  -Tubercular  ulcer  of  the  tongue  of  a  child.    A  large  nuu.ber  of  tul...les 
are  shown  amongst  the  muscles,    x  15. 

invariably  occurs  (see  J^ig.  o^o).  j 
caseous  masses  in  the  substance  of  the  tongue. 
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Leprosy  also  frequently  affects  the  mucous  membrane  of  the  mouth, 
and  Glanders  occasionally  manifests  itself  here. 

Tumours  proper. — These  are  of  somewhat  frequent  occurrence  and 
considerable  variety.  AVe  meet  rarely  with  fibromas,  lipomas,  and 
enchondromas.  Rather  more  common  are  Glandular  tumours  of  the 
lips.  These  take  origin  in  the  mucous  glands  of  the  lips,  and  fre- 
quently become  converted  into  mucous  or  colloid  Cysts.  They  form 
prominent  rounded  tumours,  sometimes  as  large  as  a  hazel  nut,  and 
are  readily  enucleated. 

Warts  occur  on  the  lips,  especially  at  the  edges.  In  that  situation 
they  are  mostly  hard,  while  those  on  the  proper  mucous  membrane 
are  soft.  Not  infrequently  the  wart  ulcerates,  and,  it  is  said,  may  give 
origin  to  a  cancerous  tumour.  Warty  outgrowths  also  occur  on  the 
tongue.  The  papilla  of  the  tongue  sometimes  undergo  great  elonga- 
tion, especially  their  epithelial  layers,  and  we  may  have  a  condition 
resembling  hairs  on  the  tongue,  often  associated  with  "Black  Tongue." 

The  Angioma  is  met  with  chiefly  on  the  lips,  usually  in  the  form  of 
the  nsevus.  It  occurs  either  as  the  cavernous  or  capillary  angioma,  and 
forms  flat  elevations  or  rounded  prominent  tumours.  It  occasionally 
occui's  on  the  tongue. 

The  Lymphangioma  is  a  cavernous  lymphatic  tumour,  which  occurs 
chiefly  in  the  tongue,  and  in  some  cases  contributes  to  the  formation 
of  macroglossia.  The  Avhole  tongue  may  be  permeated  with  dilated 
lymphatic  vessels. 

Macroglossia  is  a  condition  in  which  the  tongue  is  greatly  increased 
in  bulk,  the  enlargement  being  nearly  always  congenital.  It  is  frequent 
in  cretins.  Even  at  birth  the  tongue  may  be  too  large  for  the  mouth 
and  project  beyond  the  lips.  Afterwards  it  may  increase  still  more, 
and,  as  the  child  grows,  it  may  displace  the  alveolar  processes  consider- 
ably. For  the  most  part  there  is  no  hypertrophy  here  except  of  the 
mterstitial  connective  tissue,  but  evidences  of  new-formation  of 
muscular  tissue  have  been  observed.  As  a  rule,  the  lymph  spaces  of 
the  hypertrophied  connective  tissue  are  greatly  enlarged,  and  there  is 
even  a  formation  of  cavernous  tissue,  the  spaces  of  which  are  filled  with 
iymph.  In  this  way  we  may  speak  of  lymphangioma  cavernosum  as 
takmg  part  in  the  condition.  It  will  be  observed  that  the  condition 
here  somewhat  resembles  that  in  elephantiasis,  there  being  in  both 
cases  a  great  new-formation  of  succulent  connective  tissue  with  wide 
ymph  spaces.  The  resemblance  is  further  indicated  in  the  fact  that 
the  hps  frequently  hypertrophy  as  well  {MacrocheiUa). 

barcomas  rarely  develop  in  the  mouth  itself,  although  they 
occasionally  met  with  in  the  tongue. 


are 
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On  the  other  hand,  it  is  not  uncommon  to  find  a  Myeloid  sarcoma 
of  the  jaws,  growing  from  the  periosteum  and  projecting  into  the 
mouth.  This  is  the  commonest  form  of  Epulis,  a  name  given  generally 
to  tumours  which  arise  from  the  alveolar  processes  of  the  jaws.  They 
are  mostly  composed  of  spindle-cells,  but  nearly  always  contain  Giant 
cells,  and  sometimes  these  are  in  large  numbers.  Osseous  trabeculai 
frequently  pass  into  them  from  the  bone.  As  these  tumours  grow  they 
push  the  mucous  membrane  of  the  gums  before  them  and  so  foi'm  red 
or  brownish  prominences  of  a  rounded  form,  behind,  in  front  of,  or 
between  the  teeth.  They  are  generally  of  dense  consistence.  The 
teeth  are  often  considerably  displaced  by  them  as  they  grow, 
especially  when  they  assume  large  dimensions,  as  sometimes  happens. 

Cancers  of  the  mouth  are  nearly  all  Flat-celled  epitheliomas.  They 
are  of  very  frequent  occurrence  on  the  lower  lip  and  are  also  common 
in  the  tongue. 

Epithelioma  of  the  lip  is  almost  confined  to  the  male  sex.  This  is 
frequently  ascribed  to  the  fact  that  in  men  the  lips  are  more  frequently 
exposed  to  irritation  by  smoking  short  pipes  and  in  shaving.  The  tumour, 
which  has  almost  always  its  seat  on  the  lower  lip,  is  in  the  form  of  a 
superficial  infiltration  which  soon  goes  on  to  ulceration.  There  may 
thus  be  great  destruction  of  the  lip  structures.  The  structure  is  that 
of  the  typical  epithelioma  (see  Fig.  192,  p.  357),  of  which  this  is  the 
most  frequent  seat. 

In  the  tongue  the  epithelioma  usually  forms  at  the  edge,  and  it  is 
often  attributed  to  the  irritation  of  the  sharp  edge  of  a  carious  tooth. 
There  is  here  also  usually  a  superficial  ulcer,  but  the  tumour  generally 
penetrates  deeply  into  the  substance  of  the  tongue.  There  may  also  be 
considerable  irritation  of  the  tongue  and  new-formation  of  connective 
tissue  so  that  the  structure  may  resemble  that  of  a  scirrhus.  As  the 
epithelium  of  the  tongue  does  not  become  horny,  we  scarcely  have  the 
typical  laminated  capsules  of  the  ordinary  flat-celled  epithelioma. 
Epithelioma,  we  have  already  seen,  occurs  frequently  in  leucomatous 

tongues  (see  Fig.  563).  _ 

Secondary  epitheliomatous  formations  are  liable  to  occur  in  the  sub- 
maxillary lymphatic  glands,  and  may  extend  to  the  glands  of  the  neck. 

Ranula  is  a  name  applied  to  cysts  which  form  beneath  the  tongue. 
These  mostly  arise  as  retention-cysts  from  closure  of  Wharton  s  duct 
(duct  of  the  submaxillary  gland),  or  one  of  the  ducts  of  the  sublingual 
gland,  but  they  may  take  origin  in  the  mucous  glands.  Before  the 
occurrence  of  the  cyst  there  is  usually  some  inflammation  of  the  floor 
of  the  mouth  very  often  connected  with  affections  of  the  tee  h. 
According  to  the  observations  of  Recklinghausen  referred  to  at  p. 
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the  cyst  arises  by  dilatation  of  the  duct,  while  the  gland  structure 
persists  and  furnishes  the  material  by  the  accumulation  of  which 
the  cyst  forms  (see  Fig.  159,  p.  .323). 

literature.— BoHN,  Mundkr.  der  Kinder,  1886,  and  in  Gerhardt's  Handb.  d. 
Kinderkr.,  iv. ;  Hirsch  (Noma),  Hist,  and  geogr.  path.  (Syd.  Soc.  transl.),  iii., 
272 ;  West,  Dis.  of  infancy  and  childhood,  last  ed.  ;  Bruns,  Handb.  d.  oper. 
Chirurg.,  1859 ;  Kraus,  Die  Erkrank.  d.  Mundhohle,  etc.,  Nothnagel's  Spec.  Path, 
u.  Thar.,  xvi.,  1897;  Kehrer,  Soorpilz,  1883;  Plattt,  Soorpilz,  1885;  Gbawitz, 
Vn-eh.  Arch.,  Ixx.,  Ixxiii.  ;  Nedopil  (Leucoplakia,  with  literature).  Arch.  f.  klin. 
Chn-.,  1877,  Band  xx.,  p.  324;  Schwimmer,  Vierteljahrschrift  f.  Derm.  u.  Syph., 
1877,  p.  511;  HuLKE  (Ichthyosis),  Trans.  Clin.  Soc.  Lond.,  vol.  ii.,  p.  1-  Bdtlin 
and  Spencer,  Diseases  of  the  Tongue,  1900 ;  Lang,  Path.  u.  Therap.  d.  Syph   1885  ■ 
Hutchinson,  Syphilis,  1887 ;  Hansemann  (Tuberculosis),  Virch.  Arch  '  ciii  • 
ScHLiPERowiTSCH  (with  literature),  Deut.  Zeitschrift  f.  Chirurgie   1888   B  oe' 
s.  527;  ViRCHow  (Macroglossia),  Geschwiilste,  ii.  ;  Aenstein,  Virch.  Arch  'liv  ' 
1872;  Billroth,  Path.  Hist.,  1858;  Eecklinghausen,  Virch.  Arch.,  Ixxxiv.,  v" 
1881;  Scheier  (Sarcoma),  Ber.  klin.  Woch.,  1892;  Melchoir-Eobert,  Kev.  de' 
Chir    1899;  DowNiE,  Trans.  Med.  Chir.  Soc,  Glas.,  iii.,  1902;  Fripp  and  Swan, 
Practitioner,  May,  1903.  ' 

IV. -AFFECTIONS  OF  THE  TEETH. 
The  hard  part  of  the  tooth  consists  of  enamel,  dentine,  and  cement 
Ihe  Enamel,  containing  very  little  organic  matter  (only  about  2  or  3 
per  cent.),  is  for  the  most  part  passive,  and  presents  great  mechanical 
resistance  to  destructive  processes.  In  its  original  formation  it  is  a 
superadded  structure,  derived  from  the  epithelium  of  the  surface.  The 
Dentine,  consisting  of  tubules  with  a  hard  matrix,  possesses  a  much 
larger  proportion  of  organic  matter  (28  per  cent.),  aid  is  much  more 

pi:::  0^^^^^^^^^^^^^     ^t^^-  ^^^^^^ 

parts  of  he  tooth  which  are  devoid  of  enamel,  consists  of  true  bone 
and  IS  liable  to  changes  of  a  similar  nature  to  those  of  bone  ' 
Turning  to  the  soft  parts,  the  Pulp  fills  the  cavity  of  the  tooth  which 
cavity  has  in  general  the  shape  of  the  tooth.  The  pulp  is  a  hT^^  v 
vascular  tissue  and  richly  supplied  with  nerves  whose  fikments  pafs  n 

celt  r'h:\t'l:cr"";tf  t       —  °f 

membrane  o  the  otW  Th  T'"'  ^'^^'^^^"^  P^-^o^al 
and  the  bone  If  th    L  f       ""T^''"''  ^^^"^  ^''''^''^  ^he  cement 

from  its  pos  ion  verv  b'b  iftTth'  ^''l  '"^'^^ 

n,  ver;  luble  to  the  action  of  mechanical  forces,  being 
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placed  between  two  rigid  structures,  one  of  which  (the  tooth)  is  peculiarly- 
exposed  to  mechanical  interference.  It  is  continuous  at  the  apex  of 
the  root  with  the  pulp,  and  at  the  neck  with  the  mucous  membrane 
of  the  gums  on  the  one  hand  and  the  periosteum  of  the  jaw  on  the 
other. 

1.  Caries.— This  name  is  applied  to  a  condition  which  is  not  analogous 
to  caries  of  bone,  except  in  so  far  as  in  both  there  is  destruction  of  the 
dense  calcified  structure.    Caries  of  bone  is  related  to  inflammatory 
processes,  but  caries  of  the  teeth  has  no  such  origin.    It  consists  of  a 
softening,  usually  progressive,  of  the  enaniel  and 
dentine,  and  their  subsequent  disintegration.  The 
process  appears  to  begin  very  commonly  in  places 
where  the  enamel  shows  normally  rather  deep  furrows, 
and  is  therefore  thinner  and  more  easily  destroyed 
than  elsewhere.    When  the  caries  reaches  the  den- 
tine it  advances  more  freely,  so  that  the  enamel  may 
to  some  extent  be  undermined.    The  lime  salts  are 
first  absorbed,  and  then  the  organic  basis  is  broken 
down.    The  caries  advances  in  the  direction  of  the 
dentinal  tubules,  as  shown  in  Fig.  567. 

Various  views  have  been  held  as  to  the  nature  of 
the  process.    At  one  time  it  was  regarded  as  inflam- 
matory, but  this  view  may  be  set  aside,  chiefly  on 
the  ground  that  a  process  exactly  similar  occurs  in 
teeth  which  have  been  drawn  and  re-inserted,  as 
well  as  in  artificial  teeth  made  of  the  ivory  of  the 
hippopotamus.     The  caries  consists,  in  fact,  of  a 
gradual  solution  of  the  lime  salts,  and  for  this 
solution  we  must  infer  the  existence  of  an  acid. 
The  secretion  of  the  mouth  is  naturally  alkahne, 
but  in   carious  teeth  an  acid  reaction   has  been 
detected.    The  acidity  is  often  connected  with  de- 
rangements of  the  stomach,  but  it  may  have  a  more 
local  origin,  as  when  the  secretion  of  the  gums  is 
abnormal,  or  perhaps  when  food  is  undergoing  acid 
fermentation  in  contact  with  the  teeth.    It  may  be  that  before  the 
eery  e W  to  an  undue  acidity  they  have  already  an  abnormally  weak 
potr'of  resistance,  and  this  may  be  related  to  personal  pecuhanties. 
inherited  or  otherwise.  _ 

At  the  advancing  margin  of  the  caries  a 
tubes  is  visible,  and  in  these  widened  tubes.  -         -  n  the  cano 
cavity,  bacteria  and  Leptothrix  threads  are  to  be  found.  J^) 


Fig.  51)7.— Section 
of  tooth  with  caries. 
There  are  two  cavi- 
ties, one  on  each 
.side,  and  in  the 
pulp  cavity  a  uew- 
forination  of  secon- 
dary dentine.  The 
.secondary  dentine  is 
not  exactly  on  the 
same  level  as  the 
cavities,  but  at  the 
extremities  of  the 
dentinal  tubules 
leading  from  these. 
(After  Salter.) 
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especially  by  Klebs,  the  process  has  been  ascribed  to  the  action  of 
these  organisms. 

2.  Inflammation  frequently  follows  on  caries,  and  the  pulp  is  usually 
involved.  It  is  almost  certainly  attacked  if  the  caries  causes  penetra- 
tion into  the  pulp,  but  before  this  takes  place  there  is  frequently  some 
inflammation  which  expresses  itself  in  a  new-formation  of  Secondary 
dentine  inside  the  tooth  around  the  point  to  which  the  caries  is 
advancing  (see  Fig.  567).  In  this  way  the  cttrious  cavity  may  be  shut 
off  from  the  cavity  of  the  pulp,  and  thus  a  more  serious  inflammation 
warded  off.  Very  frequently,  however,  a  more  acute  inflammation  of 
the  pulp  occurs,  with  redness,  swelling,  great  pain,  not  infrequently 
also  with  complete  necrosis  of  the  pulp,  and,  in  consequence,  of  the 
Avhole  tooth. 

The  inflammation  often  extends  to  structures  around  the  tooth.  The 
root-membrane  or  dental  periosteum,  which  covers  the  root  portion  of 
the  tooth,  is  the  structure  most  directly  attacked.  This  membrane  is, 
as  we  have  seen,  intimately  connected,  towards  the  neck  of  the  toothj 
with  the  submucous  tissue  of  the  gums  and  the  periosteum  of  the 
alveolar  process  of  the  jaw.  Inflammations  of  these  structures, 
especially  of  the  gums,  very  frequently  ensue,  resulting  in  the  M^ell- 
known  Gum-Boil,  which  often  goes  on  to  suppuration  and  abscess, 
formmg  the  so-called  Parulis.  The  abscess  usually  bursts  into  the 
mouth,  but  It  may  produce  extensive  swelling  of  the  gum,  and  lead 
even  to  penetration  outwards,  resulting  in  a  fistulous  opening  in  the 

The  result  may  be  even  more  serious  if  the  periosteum  of  the  iaw 
becomes  mflamed  resulting,  it  may  be,  in  suppuration  which  is  apt  to 
be  chronic.  With  the  periostitis  there  is  usually  new-formation  of  bone 
causing  thickening  of  the  jaw. 

Inflammations  of  the  root-membrane  and  periosteum  of  the  iaw 
ing  with  phosphorus  or  mercury,  and  in  scurvy.    In  that  case  the 

Jthelw°r  T.""",^  ^yPW"" -In  children  who 

r  :-:errh;''ss„7The\t:h'°"'  -''"-'-^ 

teeth  is  fCentTv  t      TI  This  condition  of  the 

frequently  associated  w,th  interstitial  inflammation  of  the 
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cornea,  and  is  ascribed  by  Hutchinson  to  a  syphilitic  inflammation  of 
the  gums  during  the  formation  of  the  teeth. 

4.  Tumours  connected  with  the  teeth.— The  cement,  which,  it  must 
be  remembered,  is  composed  of  bony  tissue,  sometimes  undergoes  a 
hypertropliy  to  which  the  name  Exostosis  or  Osteoma  is  often  given. 
This  is  scarcely  a  true  bony  tumour,  but  originates  rather  in  chronic 
inflammation  of  the  cement,  leading  to  a  considerable  new-formation  of 
bony  tissue.    In  this  way  are  formed  prominent  tuberous  outgrowths 
from  the  roots  of  the  teeth,  which  may  be  localized  to  one  part  of  the 
fang,  or  cover  a  considerable  portion  of  it,  or  even  the  whole  root 
portion  of  the  tooth.    In  the  latter  case  it  is  as  if  the  root  were 
enlarged  by  rough  accretions  on  its  surface.    These  so-called  exostoses 
sometimes  offer  serious  resistance  to  the  extraction  of  the  teeth. 

Another  form  of  tumour  connected  with  the  teeth  is  that  which 
Virchow  has  called  the  Odontoma.  This  tumour  arises  in  connection 
with  teeth  retained  in  the  alveoli  by  faulty  development.  The  tumours 
are  composed  of  dentine  and  enamel,  and  are  of  small  size  and  rare 
occ  urrGncG 

Cysts  of  the  jaws  have  already  been  referred  to  (p.  663)  as  usually 
taking  origin  in  connection  with  the  teeth  or  their  rudiments,  and 
Cancers  have  occasionally  a  similar  origin  (p.  664). 

Llterature.-SMA.E  and  Co™,  Diseases  and  -jm-ies  of  ti.e  teeth  1893  ;  Le^eb 
u  EoTTENSTEiN,  Unters.  iiber  d.  Caries  d.  Zahne,  1867;  Wedl,  Path  d  Zahne, 
^870  IraoJl    1873  ;  Klebs,  Arch.  f.  exper.  Path.,  v.  ;  To.ies,  Syst.  of  denta^  surg., 

7  ;  M^e;  DL'Mikro-^  dev  Mundh5hle,  1B92;  .n  Holies 

Surg  .  v.,  1883;  Eve  (Cysts  of  jaws,  with  literature),  Bnt.  Med  /our  1883  , 
ulU  Arch.  d.  Phys.,  v.,  1885  ;  H.xchx.sok  (Syphil  t.c  teeth  ,  S^^^^^^^^^ 

SoxxoK  (Odontoma),  Tumours  innocent  and  -^l^g-;;*'..  f^^^^ 
Arch,  de  med.  exp.,  1894  ;  Bobst,  Die  Lehre  v.  d.  Geschwulsten ,  1902. 

B.— The  Soft  Palate,  Pharynx,  and  Tonsils. 
Introduction.-The  mucous  membrane  here  diflers  from  that  of  the 

of  the  tongue  they  occur  in  the  form  o  ^^^^^^^^^^^  ^^e 
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patches.  Their  prominence  in  the  tonsils  causes  the  mucous  membrane 
to  be  thrown  into  folds,  and  so  we  have  comparatively  deep  recesses, 
which  are  sometimes  called  Crypts,  in  which  secretions  may  accumu- 
late, especially  if  their  depth  is  exaggerated  by  diseased  conditions. 

From  their  exposed  position  these  parts  are  peculiarly  prone  to 
irritation  from  agents  coming  to  them  from  without.  The  mucous 
membrane  of  the  mouth  seems  peculiarly  resistant  to  external  irri- 
tations, but  here,  where  there  is  the  transition,  as  it  were,  from  the 
mucous  membrane  exposed  to  external  influences  to  that  protected 
from  them,  these  inflammatory  manifestations  occur  with  peculiar 
frequency.  Almost  all  the  diseases  we  have  to  treat  of  here  are  forms 
of  inflammation,  and  it  is  usual  to  describe  these  under  the  general 
designation  of  Angina. 

1.  Malforniations.-The  fistula  colli  congenita  (see  p.  53)  com- 
monly opens  mto  the  pharynx,  unless  it  be  a  blind  external  canal 
bometimes  there  is  an  internal  fistula,  which  is  incomplete  externally 
Sometimes  also  there  is  a  cyst  having  this  origin. 

2.  Catarrhal  angina -In  its  acute  form  this  constitutes  the  most 
ordinary  sore  throat,  and  results  from  "cold"  especially  at  seasons 
of  the  year  when  sudden  changes  of  temperature  are  prevalent  or 
occurs  as  a  local  symptom  of  a  general  disease  such  as  measles,  scarlet 
fever  small-pox  It  may  be  said  regarding  scarlet  fever,  small-pox 
and  diphthena  that  the  throat  affection  in  them  begins  with  an  acut; 
catarrh,  but  that,  especially  in  scarlet  fever  and  diphtheria,  it  nearly 
always  goes  on  to  phlegmonous  inflammation.  In  the  simple  acute 
catarrh  there  is  redness  and  swelling  of  the  mucous  membrane  ^th 
a  mucous  exudation  which  covers  the  surface  and  which  has  a  toTilh 

Chronic  catarrh  very  frequently  follows  on  the  acute  form,  especially 
the  mucous  membrane  is  indurated  and  atrophied     tV  T 

=:t  'rati;:- — s 

comes  oloneated  qnm.t,„,.  ,  "  "■•""li 

the  swelling rj^sTu  "Zm  I  7'.,^'"^  At  other  times 

assume  a  erannluT  o^^«  i 

causing  the  mucous  membrane  to 
g  anular  appearance,  hence  the  term  Granular  pharyng-itis. 
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This  form  occurs  mostly  among  clergymen,  singers,  actors,  and  others 
whose  occupation  requires  them  to  use  their  voices  for  prolonged 
periods  with  a  loud  tone. 

3.  Acute  phlegmonous  inflammation  of  the  fauces.— This  frequently 
results  in  the  formation  of  Abscesses.  It  is  a  condition  of  somewhat 
common  occurrence.  There  is  not  merely  a  surface  catarrh,  but  the 
mucous  membrane  and  submucous  tissue  are  involved  in  an  acute  m- 
flammation  of  a  very  intense  kind  which  usually  goes  on  to  suppuration. 
The  disease  very  commonly  begins  on  one  side  and  frequently  involves 
the  tonsil,  sometimes  extending  thence  to  the  posterior  wall  of  the 
pharynx.  The  swelling  and  redness  are  very  great  from  hyperjemia 
and  cedema  of  the  whole  structures,  and  the  patient  may  have  difficulty 
in  opening  the  mouth.  If  it  goes  on  to  suppuration  the  pus  oiteu 
collects  and  forms  an  abscess  which  bursts  into  the  throat  In  some 
cases  the  acute  inflammation  extends  downwards  to  the  base  of  the 
epic^lottis  and  the  case  becomes  dangerous  because  of  the  possible  super- 
vention of  (Bdema  glottidis.  It  should  be  added  that  the  name  Quinsy 
is  applied  to  this  disease  as  well  as  to  a  more  local  inflammation  of  the 


We  may  infer  that  in  this  disease  one  of  the  pyogenic  microbes  finds 
access  to  the  mucous  membrane.  It  sometimes  happens  that  he 
•rmmation,.after  attacking  one  side,  passes  round  and  involves  the 
other  and  this  looks  like  an  irritant  which  propagates  itseli. 

4  Drphtheria.-The   changes  which  occur  in  this  disease  have 
already  been  referred  to  in  considering  its  manifestations  in   he  a 
mssa/es  (see  p.  820).    It  usually  begins  in  the  fauces  and  has  ts 
^  there     There  is  in  the  fauces  a  fibrinous  exudation  usually 

"t  Xith  I'Tl^^^  of  the  mucous  membrane.    There  are  other 
chieey  the  prepuce  of  «  in^^^^. 

mucous  membrane  and  passing  ^^^^^;^-J^:^^:L 
necrosis  of  the  mucous  membrane,  and  this  in  an  ae  i«  ^^..^ 
neciobisj  uj.  vpcsnltino-  sloughs  irequently 

r.     o  «nd  ulcers  of  some  depth  and  size  may  be  left, 
substance,  and  Ulcers  oi  sumc     f  ^^rwarious  Sometimes 
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accompanied  by  considerable  swelling,  consisting  of  an  inflammatory 
infiltration  of  the  lymphatic  follicles  of  the  tonsils.  Sometimes  it  goes 
on  to  suppuration,  but  rarely  does  so  when  the  t6nsils  alone  are 
affected.  The  swelling  in  many  cases  does  not  fully  subside,  and  gives 
rise  to  a  more  or  less  permanent  enlargement  such  as  we  have  next  to 
consider. 

6.  Chronic  tonsillitis.  Hypertrophy  of  the  tonsils.— Certain  per- 
sons, especially  in  childhood  or  youth,  are  prone  to  repeated  subacute 
inflammations  of  the  tonsils,  and  as  these  recur  the  tonsils  acquire  a 
permanent  enlargement.  This  consists  anatomically  in  a  true  hyper- 
trophy of  the  lymphatic  follicles,  although  there  is 'sometimes  also  an 
increase  of  the  interstitial  connective  tissue.  The  tonsils  are  rarely 
much  indurated,  the  soft  lymphatic  tissue  existing  so  abundantly  as  to 
make  the  structure  as  a  whole  somewhat  soft.  The  enlargement  is 
very  variable,  there  being  sometimes  a  rapid  enlargement  followed  by 
a  rapid  subsidence. 

The  inllammation  sometimes  leaves  behind  deep  pits  and  recesses  in 
the  tonsils.    These  may  contain  semi-solid  plugs,  consisting  of  the 
secretions  of  the  mouth  mixed  with  particles  of  food,  microbes,  and 
tT  be'^orae   condensed-  into   concretions  or 

calculi.     The  contents  of  these  exaggerated  crypts,  by  reason  of 
their  decomposition,  often  irritate  the  tissue  around 

The  hypertrophy  is  not  always  the  result  of  chronic  inflammation 
There  are  cases  of  congenital  hypertrophy  of  the  tonsils,  and  there  are 
111  more  frequent  cases  of  a  gradual  enlargement  without  any  apparent 
attacks  of  niflammation.    In  this  way  the  tonsils  may  acquire  ve" 

Set~s'  '  '^"'^        -  Le\JJZ 

inese  conditions  also  are  met  with  chiefly  in  children 

In  children  it  is  common  to  have  an  enlargement  of  the  closed 

lymphatic  follicles  of  the  pharynx,  and  especially  of  the  naso  pharynx 

having  similar  characters  to  the  enlargement  of  the  tonsils  whkhTs  s; 

7.  Syphilitic  disease  of  the  faiif«Ps  •  , 

with  or  wirto„   ZtZtZ  or\T  "r'n 

lormation  of  guinmata,  there  may  be  Ulceration 
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of  the  mucous  membrane.  Not  infrequently  the  ulceration  extends 
very  deeply  and  causes  destruction  of  the  uvula  and  palate.    It  may 

extend  to  the  epiglottis  and  no 
further.  It  is  frequently  accom- 
panied by  considerable  thicken- 
in  e  and  cicatricial  contraction, 
so  that  it  may  lead  to  great 
deformity  and  sometimes  to 
stenosis  of  the  pharynx. 

8.  Tubercular  ulcers. — These 
are  of  comparatively  rare  occur- 
rence. The  disease  is  associated 
with  phthisis  pulmonalis,  and  is 
really  due  to  an  extension  up- 
wards of  tubercular  ulceration  of 
the  larynx.  It  occurs  in  the 
form  of  superficial  ulcers,  origin- 
ally of  a  circular  form  (see 

Fig.  568). 

9.  The  Tumours  of  the  fauces 

are  not  so  different  from  those 
of  the   mouth  as  to  call  for 
special  remark,  and  they  are 
altogether  of  much  less  frequent  occurrence.    We  meet  with  papillary 
excr'escences,  cysts,  sarcomas,  and  epitheliomas. 

C.— The  (Esophagus. 
The  diseases  of  this  part  of  the  alimentary  canal  are  important  from 
a  practical  point  of  view,  chiefly  because  of  the  natural  narrowness 
of  the  tube     The  mucous  membrane  of  the  cesophagus  is  covered  by  a 
thick  layer  of  stratified  flat  epithelium,  and  the  mucous  glands  are 

^TDnalln  If  the  oesophagus. -Of  this  somewhat  frequent  con- 
dition  two  forms  may  be  distinguished.  .    ,  .  ^- 

General  dilatation  of  the  tube  is  a  result  o    obstruction  a 
Jv  par     f  its  course.     The  obstruction  is  mostly  low  down  in  c 
Jophagus  and  may  be  even  at  the  cardiac  end  of 
the  dilltion  in  these  cases  there  is  "---"^  '^Ji^ 
of  the  muscular  coat,  although  this  is  ;^^^^'toX^ne 
also  sometimes  a  general  dilatation  without  obst  notion,  piobablj 
to  diminution  of  contractility  in  the  muscular  coat. 


Fig.  66S.  —  Extensive  tuberculosis  affecting 
pharynx,  palate,  uvula,  etc. 


THE  (ESOPHAGUS.  945 


(b)  Partial  dilatation  or  Diverticulum  occurs  in  two  principal 
forms,  according  as  the  force  causing  the  dilatation  is  pressure  from 
within  the  tube  or  traction  from  without. 

The  Pulsion-diverticulum  arising  by  pressure  from  within  may 
sometimes  owe  its  origin  to  a  slight  congenital  pouching  of  the  tube. 
This  may  be  due  to  an  imperfect  closure  of  the  communication  between 
the  oesophagus  and  the  trachea  during  foetal  life.  If  this  closure  be 
delayed,  then  the  wall  of  the  oesophagus  may  remain  bulged  out  in 
front  and  from  this  beginning  a  larger  diverticulum  may  arise. 

More  commonly,  however,  diverticula  form  on  the  posterior  wall 
and  usually  at  the  junction  of  pharynx  and  oesophagus.    It  is  probable 
that  for  the  most  part  this  form  originates  by  a  piece  of  hard  food 
lodging  in  a  fold  of  the  mucous  membrane,  and  being  gradually  pushed 
outwards,  carrying  the  wall  of  the  tube  with  it.    As  the  sac  enlarges 
It  hangs  downwards  with  its  mouth  presenting  upwards,  and  so  it  is 
always  ready  to  receive  the  food  in  its  passage  downwards.     It  is 
probable  that  in  most  of  these  cases  there  is,  to  begin  with,  a  separation 
of  the  fibres  of  the  muscular  coat  of  the  oesophagus  or  pharynx,  and 
the  mucous  membrane  is  pushed,  as  it  were,  through  the  muscular 
coat,  which  IS  thinnest  at  the  junction  of  pharynx  and  03sophagus  If 
the  sac  18  of  any  considerable  size  and  filled  with  food,  it  will  press  on 
the  part  of  the  oesophagus  situated  below  its  mouth,  and  of  itself 
produce  an  obstruction.    In  this  way  th^  food  is  prevented  passing 
down  the  (Bsophagus  and  goes  readily  into  the  sac.     We  have 
therefore  a  continually  increasing  enlargement  of  the  diverticulum 
which  may  reach  the  dimensions  of  a  child's  head  or  larger  It 
contains  the  remains  of  the  decomposing  food  with  mucu?  some- 
times in  considerable  masses.    If  the  diverticulum  is  moderat  in  sTze 

oltt  mirabsT'^"""^  "^^^"^^^  ^^^^-^^  — 

coat  IS  mostly  absent  except  just  at  the  neck 

The  Traction-diverticulum  arises  by  cicatricial  contraction  of  struc 

sTol  T  '\''r-  "1^  contracti  g  strucre 

IS  mostly  a  lymphatic  gland  at  the  root  of  the  lung,  which  has  been 

—  .       ter'Xt^  Zfl  ^" 

'be  neighbourhood  rS-  "'^     "^"^  inflammation  in 

traehea  or  a  broncta,  or  the  neighbouring  pleura  or 
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pericardium.  In  the  former  case  there  will  probably  be  gangrene 
of  the  lungs,  and  in  the  latter  acute  inflammation  of  the  serous 
membrane. 

2.  Obstruction  of  the  oesophagus.— This  is  sometimes  Congenital. 
There  may  be  a  congenital  deficiency  in  the  middle  part  of  the  tube, 
a  fibrous  cord  representing  the  occluded  tube.    In  some  cases  the 
oesophagus  below  the  occlusion  opens  into  the  trachea.  Obstruction 
also  arises  as  a  consequence  of  pressure  from  without,  by  tumours, 
aneurysms,  abscesses,  but  is  still  more  frequent  from  disease  m  the 
tube  itself.    Ulcers  of  various  kinds,  by  the  cicatricial  contraction 
incident  to  the  process  of  healing,  may  induce  obstruction,  as,  for 
example,  ulcers  from  swallowing  strong  acids,  syphilitic  ulcers,  etc. 
Still  more  frequent  are  obstructions  from  tumours  of  the  cesophagus, 
and  especially  Cancers  (see  further  on).    As  mentioned  above,  obstruc- 
tions of  the  oesophagus  frequently  give  rise  to  dilatation  with  hyper- 
trophy of  the  muscular  coat  above  the  seat  of  constriction.  Sometimes 
the  dilatation  is  greater  in  one  locality  so  that  with  a  general  dilatation 
there  is  a  partial  diverticulum. 

3  Inflammations  of  the  oesophagus. -The  mucous  membrane  of  the 
cesophagus  is  formed  so  as  to  resist  the  action  of  irritants,  and  unless 
the  action  be  peculiarly  strong  we  have  not  considerable  inflammation. 
But  when  strong  acids,  or  alkalies,  or  substances  at  a  high  temperature, 
are  swallowed  they  may  cause  superficial  necrosis  and  considerable 
inflammation  of  the  mucous  membrane.  The  small-pox  eruption  may 
extend  into  the  cesophagus,  producing  inflammation. 

Strong  acids  or  alkalies,  when  swallowed,  pass  rapidly  through  the 
oesophagus,  and  so  produce  much  less  serious  results  than  they  do  in 
The  L^ach.  Acids'produce  whitish,  yellowish,  or  — 
the  epithelium,  sometimes  penetrating  the  mucous  membrane  itselt 
CausI  alkaliei  on  the  oUier  hand,  dissolve  the  epit^ium  -d  F^^^^^^^^^^ 
a  greyish  gelatinous  material  which  lies  on  the  surface.  If  they  pene 
;  te'theLcous  membrane  they  reduce  it  to  a  '  ^ 

diffluent  substance.  If  recovery  occur,  there  are  at  first  f^'^^J^^^ 
tore  orless  violent  inflammation,  and  afterwards  ^^-Img  ^  ~ac 
"on  of  the  ulcers  and  possibly  considerable  narrowing  of  t^e  t^be 

inflammation  of  the  mucous  „,,onhacrus  have  been 

A  few  cases  of  a  peculiar  inflammation  ;f  J^^^^^^^^  f.^m  of 
recorded  in  which  the  surface  epitheham  l^^^  /^T^t  Je  To  this 
a  consistent  cast  of  a  greater  or  lesser  part  ot  the  tube. 
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condition  the  name  of  (Esophagitis  dissecans  superficialis  has  been 
applied  by  Eosenberg. 

Syphilis  and  Tuberculosis  of  the  oesophagus  are  very  rare.  The 
latter  has  been  found  combined  with  cancer.  Antinomycosis  has  also 
been  observed. 

Thrush  occasionally,  as  we  have  seen,  extends  from  the  mouth 
downwards  to  the  oesophagus  (see  Fig.  562,  p.  930). 


uaS^^f  "'^'^i'     tl^e  lower 

ti-iterl  kp  The  ulcer  pene- 

tKitea  the  luaiu  bi-onchus  of  the  left  luug 


Pig. 570.  —Polypoid  myoma  of  the 
cBsophagTis  in  section,  and  semi- 
diagrammatic.  The  tumour  was 
attached  by  a  band-like  pedicle  a. 
It  caused  considerable  distension 
of  the  oesophagus,  and  obstructed 
the  tube,  ft,  cardiac  orifice  of 
stomach.    Half  the  natm-al  size 


mavbe  d  r/     !    "/f""  °'        CBSophagus.-The  oesophagus 

through  the  t     .  .  "^'''"'^  "  ''''      ^^^'^^  ^  fi^h-bone  cut 

through  the  oesophagus  and  entered  the  aorta 

Tracd-v  perforation  is  disease  of  the  wall  The 

P^^"^^  ^«  ^-ker,  the  commonest  causfo^ 

perforation  here  b  in.        ""T   T.''  ^^^P^^^^^'  ^^^^^^ 

PerforahW    i    ^         Produced  by  the  sound. 

being  i  LAo?^^^^^^^  -«P^^g"«'  --ation 

Ulcer,  which  perforated  into  the  left  main  bronchus,  causing 
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gangrene  of  the  lung  on  account  of  food  passing  into  the  bronchi  and 
lung  alveoli.  There  have  been  cases  in  which  the  ulcer  has  penetrated 
the  aorta. 

5.  Tumours  of  the  oesophagus.— Simple  tissue  tumours  are  rare. 
We  meet  with  Lipomas  and  Fibromas,  and  the  author  has  described  a 
case  of  Myoma  (Fig.  570)  in  which  a  tumour,  4f  inches  long  and 


Fig.  571.-Squamous-cellod  epithelioma  of  cssopliagus. 


,  inehe.  in  tHctaess,  wa,  attached  by  a 

and  uroduced  death  by  obstruoting  the  tube,  mypom 

a  fibrous  st™ctu.e  and  ^j^^^::^,^^  of 
Cancer  of  the  oesophagus  s  by  tar  '^'^  ^  „^t.„elled 

:-:h:L:^ndTrhX^.^^^^^^^^^ 
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of  the  lip.  The  masses  of  epithelial  cells  infiltrate  the  spaces  in  the 
underlying  connective  tissue,  and  the  tumour  also  projects  somewhat 
into  the  calibre  of  the  tube.  Here  also  there  is  a  great  tendency  to 
ulceration,  the  mechanical  action  of  the  food  in  swallowing  doubtless 
contributing  to  this  result. 

The  tumour  begins  at  a  limited  part  of  the  mucous  membrane,  but  it 
has  a  special  tendency  to  extend  round  the  tube  in  the  form  of  a  ring 
(Fig.  571).  There  has  been  considerable  discussion  as  to  the  most 
common  situation  of  the  tumour,  and  the  result  of  the  comparison  of 
various  statistics  seems  to  be  that  the  most  frequent  seat  is  the  lower 
third.  Scarcely  less  frequent  than 
this  is  the  middle  third,  and  especi- 
ally the  place  corresponding  with 
the  bifurcation  of  the  trachea.  In 
the  upper  third  epithelioma  is  com- 
paratively infrequent. 

This  form  of  tumour,  when  it 
surrounds  the  tube,  frequently  leads 
to  Obstruction  of  the  oesophagus. 
On  examining  the  oesophagus  after 
death  the  seat  of  the  tumour  is 
often  indicated   externally   by  a 
narrowing  of  the  tube,  which  is 
also  more  rigid  here  than  elsewhere. 
The  infiltration  of  the  walls  of  the 
.  oesophagus,  by  irritating  the  con- 
nective  tissue,   causes  a  chronic 
inflammation  with  the  usual  new- 
formation  of  connective  tissue,  which 
contracts  and  narrows  the  tube. 
Besides  this,  the  mere  rigidity  of 
the  infiltrated  tube,  preventing  its 
dilatation  when  the  morsel  is  being 
swallowed,  may  produce  a  virtual 
obstruction  at  the  point  concerned. 
The    projection    of   the  tumour 
into  the  calibre  is  another  element 
which  tells  especially  in  the  earlier 
penods.    But  as  ulceration  occurs 
this  projection  of  the  tumour  usually 

r  be  a  temporary  relief  to 

eture  by  partial  destruction  of  the  tumour.    The  ulceration 
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itself,  however,  by  inducing  still  further  cicatricial  contraction,  may 
ultimately  confirm  the  obstruction. 

The  tumour  sometimes  extends  from  the  oesophagus  to  neighbouring 
lymphatic  glands,  or  to  surrounding  structures,  and  so  we  may  have 
the  trachea,  bronchi,  or  lungs  involved  in  it.  Sometimes  it  extends  to 
the  diaphragm,  pericardium,  vertebrae,  etc.  Tumours  of  the  nature 
of  Lymphosarcoma,  originating  in  the  lymphatic  glands,  may  also 
extend  to  the  oesophagus  (see  Fig.  572). 

Literature.-KNOTT,  Path,  of  the  oesoph.  (with  references  to  Uterature),  1878; 
Zenker,  in  Ziemssen's  Encycl.,  vol.  viii.,  1878;  KoNia,  in  Billroth  und  Luecke  s 
Deut.  Chirurg.,  xxxv.,  1880;  Klebs  (Diverticulum),  Handb.  d.  path.  Anat.,  i.  ; 
GoBLEE  and  BucKNAi,!.,  Med.  Chir.  Trans.,  Lond.,  1901;  Bkosch  Deut  Archiv  f. 
kUn.  Med.,  Ixvii.,  1900.     (Esophagitis  dw.seca»i.s-EosENBERG,  Centralbl.  t^allg. 
Path.,  No.  18,  1892;  Selavunos,  Virch.  Arch.,  cxxxiii.,  1893,  p.. 250.  Tuber- 
,.^oi-WEicHSE.B..M,  Wien.  med.  Woeh.,  1884;  Beck,  Prag.  med.  Woch 
1884;  FLEX.EB,  Johns  Hopkins  Hosp.  Bull.,  iv.,  1893;  Cone  ibid    vm.  1897. 
Sv?.Mi«-WEiNi.ECHNEE,  Wieu.  med.  Woch.,  1880.    PerforaUn,  nlcer-Y^^^- 
SON,  G  sg.  Med.  Jour.,  xix.,  1883,  p.  313  ;  F.owek,  Med.  Chir/Trans   xxxvi   18o3  , 
h"  TON,  Path.  Trans.,  vi.,  1854 ;  P.bt,  ibid.,  viii. ;  Quincke,  D.  Arch,  f^  khn  M  d. 

107Q.  Keheeb  ibid  ,  xxxvi.,  1885.    rMmoiirs-ViBCHOW,  Geschwulste,  ui., 
C^B^  \Br:rai,"Be;i.  Min/Wochens^i-    sept.  20  and  2.  m5  ;  Co.. 
(Myoma),  Glasg.  Med.  Jour.,  iv.,  1872,  p.  201;  Fagge  (do.),  Path.  Hans., 
1875,  p.  94  ;  Thoeel,  Lubarsch  und  Ostertag,  Ergebmsse,  v.,  1900. 


D.— The  Stomach. 
IntroducUon.-In  considenng  the  diseases  of  '^e J^™*  it  is 
necessarv  to  bear  in  mind  certain  points  m  regard  to  the  structure 
rSions  of  the  organ.    The  inuumeraUe  g.an  s  ^^^'^^ 
^v^von^  .-.rp  pnp-ao'ed  in  the  formation  ot  tiie  t^asmc  juiuts 
rrp"™  ro    :  esZ^  ^  disea.es  of  the  stomach  very  readily 
Irferrlh  the  function  of  these  glands,  so  that  the  secretaou  of 

food  through  the  pylorus.  inflammations  and 

J:r:ii:h^re:t':^irs:;retion  of  the  gastric  .ice. 
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Chcanges  characterized  by  Cloudy  swelling  and  Fatty  degeneration  are 
met  with  in  the  glandular  epithelium  in  numerous  infective  diseases  — 
small-pox,  typhus,  septicaemia,  etc. — as  also  in  poisoning  with  jjhos- 
phorus.  In  these  cases  the  secretion  of  the  gastric  juice  may  be  almost 
at  a  standstill,  and  if  food  be  introduced  it  is  apt  to  lie  in  the  stomach ; 
by  its  mere  presence,  and  by  the  action  of  the  products  of  decomposi- 
tion, it  may  produce  still  further  structural  changes. 

The  forms  of  decomposition  which  the  food  undergoes  when  it  lies 
undigested  in  the  stomach  are  various,  but  the  chief  are  those  char- 
acterized by  the  development  of  Acetic,  Lactic,  and  Butyric  acids. 
The  agents  in  these  changes  are  microbes  which  are  introduced  in 
abundance  with  the  food  and  propagate  in  the  stomach,  unless  their 
multiplication  is  hindered  by  the  action  of  the  gastric  juice.  In  the 
contents  of  the  stomach,  when  at  any  time  they  are  discharged  during 
life,  swarms  of  bacteria  are  found,  and  in  addition  there  are  nearly 
always  proliferating  spores  of  fungi  and  sometimes  large  numbers  of 
sarcinse. 

It  has  been  mentioned  that  the  products  of  decomposition  irritate 
the  mucous  membrane,  but,  in  addition  to  that,  microbes  have  been 
found  in  some  cases  to  enter  the  glands  and  mucous  membrane.  In 
some  of  the  cases  the  action  of  such  microbes  has  produced  little 
Pustules  in  the  mucous  membrane,  or  even  larger  prominences  with 
necrosis  and  ulceration.  It  may  be  inferred  that  it  is  microbes  of  a 
special  kind  or  in  a  peculiar  state  of  activity  which  thus  penetrate 
tbe  mucous  membrane.  Stagnation  of  the  food  in  the  stomach 
and  Its  decomposition  will  occur  still  more  when,  by  stricture  of 
the  pylorus,  there  is  a  Mechanical  obstacle  to  the  passage  from 
the  stomach. 

Besides  the  mere  local  effects  induced  by  the  products  of  decomposi- 
tion, It  IS  to  be  remembered  that  the  mucous  membrane  of  the  stomach 
IS  actively  engaged  in  Absorption,  and  that  these  products  may  to 
«ome  extent  be  taken  into  the  blood.  It  is  probable  that  the  headache 
and  other  nervous  symptoms  occurring  in  dyspepsia  are  in  great 
lueasure  due  to  the  existence  in  the  blood  of  small  quantities  of  these 
poisonous  agents  and  their  action  on  the  nervous  system 

When  the  food  remains  in  the  stomach  and  accumulates  there  it  is 

zt^^f^'r         This  action  is  ;;i:ed 

ZZZ  Zf    TV"  the  muscles 

rmWnation       Th   '  "  respiration,   but  in  different 

combinations.     The  centre  may  be  irritated  directly,  as  by  intro- 

it^elt.    But  in  the  case  we  are  considering  it  is  irritated  by  reflex 
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stimulation,  the  stimulation  taking  origin  in  centripetal  fibres  in  the 
stomach  itself.  The  occurrence  of  vomiting  is  dependent  on  the  nature 
and  amount  of  the  irritation  applied  and  on  the  sensitiveness  of  the 
centre  in  the  individual. 

Post-mortem  changes.— After  death,  any  remains  of  food  lying  in  the  stomach 
are  apt  to  decompose  rapidly,  especially  as  the  gastric  juice  in  most  cases  is  not 
secreted  in  the  normal  way  up  to  the  period  of  death,  and  so  the  decomposition  is 
not  interfered  with.  The  decomposing  juices  therefore  act  readily  on  the  mucous 
membrane,  and  the  decomposition  may  even  extend  to  the  latter.  The  principal 
changes  produced  are  Alterations  in  colour,  resulting  from  chemical  changes 
in  the  colouring  matter  of  the  blood.  This  may  diffuse  out  of  the  blood-vessels 
and  stain  the  mucous  membrane  of  a  reddish  hue,  the  colour  being  specially 
pronounced  in  the  •  neighbourhood  of  the  larger  vessels.  There  is  often  a 
greenish  colour  developed  by  the  decomposition  of  the  blood.  Later,  the  colour 
may  be  almost  black  or  slaty,  but  in  many  cases  this  deep  colour  is  not  altogether 
a  post-mortem  change ;  it  depends  in  part  on  a  true  pigmentation  from  chronic  • 
catarrh  of  the  mucous  membrane. 

Softening  of  the  stomach  or  Gastromalacia  is  also  a  post-mortem  change.  It  is 
reaUy  a  digestion  of  the  coats  of  the  stomach  by  the  gastric  juice.  As  a  rule,  m 
persons  near  death,  the  gastric  juice  is  not  secreted  normally,  but  if  the  person  die 
while  the  secretion  of  gastric  juice  is  still  active,  then  the  latter  may,  by  a  process 
of  Digestion,  act  on  the  coats  of  the  stomach.  This  condition  occurs  mostly  m 
persons  who  die  suddenly,  especially  if  the  body  is  kept  in  a  warm  place,  and  it  is 
more  frequent  in  children  than  in  adults.  In  the  slightest  degree,  the  mucous 
membrane  alone  is  softened,  and  it  can  be  removed  by  the  finger  as  a  soft  paste 
from  the  surface  of  the  muscular  coat.  Penetrating  deeper,  the  muscular  coat  and 
even  the  serous  coat  may  be  half  liquefied,  so  that  on  handling  the  stomach  it  may 
be  perforated.  The  stomach  may  even  Rupture  in  the  body,  and  the  contents  pass 
outwards,  producing  softening  in  neighbouring  parts.  In  some  cases  the  diaphragm 
has  been  softened  in  this  way,  and  part  of  the  stomach  contents  have  passed  into 
the  pleural  cavity. 

These  various  changes  occur  in  those  parts  of  the  stomach  where  the  contents 
have  been  lying  after  death.  This  is  generally  the  neighbourhood  of  the  fundus 
As  the  contents  are  usually  fluid,  it  is  often  seen  that  the  changes  stop  short  at  a 
definite  level  and  the  unaltered  mucous  membrane  is  abruptly  demarcated  f  om  the 
alt^ed  part.  The  pyloric  portion  of  the  stomach,  as  it  usually  lies  highest,  is 
iZ  ie^Lly  affected,  and  this  is  important,  as  that  part  of  the  stomach  is  the 

"1::^^^"^^  the  pathological  changes  met  with  in  the  stomach 
are  very  often  obscured  by  the  occurrence  of  these  post-mortem  changes. 

ySX  lSSo"  'E..V.S,  So<.e„i»8  ..  St.™.  in  child™.  .„d  .d„lts,  1867;  P»- 

LOW,  Die  Arbeit  d.  Verdauungsdriisen  (Transl.). 
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I.— MALFORMATIONS  AND  CONTE ACTIONS  OF  THE  STOMACH. 

1.  Congenital  malformations.— There  may  be  abnormal  smallness 
either  with  or  without  other  more  general  malformations.  Sometimes 
an  Hour-glass  form  occurs,  the  middle  part  of  the  stomach  being 
contracted.  This  malformation  may  also  be  acquired  by  cicatricial 
contraction. 

Atresia  and  stenosis  of  the  pylorus  are  met  with  as  congenital 
conditions.    Atresia  or  complete  occlusion  occurs  in  the  form  either 
of  a  simple  diaphragm  between  the  stomach  and  duodenum  (similar 
diaphragms  may  occur  at  other  parts  of  the  stomach),  or  as  a  more 
complete  separation,  there  being  only  a  cord  uniting  the  stomach  and 
duodenum.    Congenital  stenosis  of  the  pylorus  is  alleged  to  be  of 
frequent  occurrence.    According  to  Maier  there  are  two  forms,  a  funnel- 
shaped  and  ring-shaped.     In  the  former  the  pyloric  portion  of  the 
stomach  is  converted  chiefly  by  hypertrophy  of  the  muscular  coat,  into 
a  somewhat  rigid  funnel,  whose  apex  projects  into  the  loose  duodenum. 
The  condition  is  compared  to  that  of  the  normal  cervix  uteri  in  its  rela- 
tion to  the  loose  vagina.    Tilger  describes  a  case  in  which  the  stenosis 
extended  to  the  first  part  of  the  duodenum.    In  the  ring-shaped  form 
there  IS  an  abrupt  narrow  projecting  ring,  formed  by  localized  thicken- 
mg  of  the  muscular  coat.    The  congenital  stenosis  is  often  associated 
vnth  fixation  of  the  pylorus  due  to  a  dense  and  thick  hepatico-duodenal 
igament.     Congenital  stenosis  like  the  acquired  forms  is  followed 
by  dilatation  of  the  stomach  sometimes  associated  with  hypertrophy  of 
the  muscular  coat.    Care  is  required  in  diagnosing  congenital  stenosis, 
as  various  states  of  contraction  of  the  muscular  coat  in  the  pyloric 
region  may  simulate  it,  and  it  may  also  be  simulated  by  thickening  due 
to  chrome  catarrh.  ° 

2.  Contractions  of  the  stomach  may  be  general  or  local.    A  General 
contraction  is  produced  when  the  stomach  is  long  deprived  of  fo  d 
This  IS  most  directly  produced  by  obstruction  of  the  cBsophagus  or 

taken.    There  is  also  a  general  shrinking  sometimes  as  a  consequence 
of  scirrhous  cancer,  and  a  similar  shrinking  may  be  produced  bH 
~ch  has  led  to  thickening  and  .oU:: ^t^^^ 

Astllf  ^^«^^ally  the  result  of  cicatrization  of  ulcers 

~.  the  -o  orifices  mt^ 
produced  in   hi  tlv    ^Z'''"^'' ^  ^'"'■^^'^^^  contraction  may  be 
traction  vi'ib  e  polt  morl  "  l^'^'/^-^-on.lly  an  hour-glass  eon- 
visibie  post  mortem,  which  depends  merely  on  an  irregular 
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contraction  of  the  muscular  coat  and  is  of  no  special  significance. 
Cancer  of  the  stomach  may  produce  partial  contraction.  It  is  to  be 
remarked,  however,  that  simple  ulcers  of  the  stomach  mostly  heal 
without  considerable  contraction,  the  cicatrices  being  quite  flat. 

Literature.— WiDEEHOFER,  Gerhardt's  Handb.  der  Kinderkrankh.,  iv.,  1880; 
Landerer,  Angeb.  Stenose  des  Pylorus,  Tiibingen,  1879  ;  Maier,  Virch.  Arch.,  cii., 
1885  ;  TiLGER,  ibid.,  cxxxiii.,  1893  ;  Carrington  (Hour-glass  contr.),  Path.  Trans., 
xxxiii.,  1882;  Hudson,  ibid.,  xxxviii.,  1887;  J.  H.  Nicoll  (with  literature).  Con- 
genital Stenosis  of  Pylorus,  Trans.  Med.  Chir.  Soc,  Glas.,  iii.,  1902. 


II. -DILATATION  AND  HYPERTROPHY  OF  THE  STOMACH. 

These  conditions  mostly  result  from  obstruction  to  the  passage  of 
food  through  the  pylorus  from  contraction  of  that  orifice.  A  simple 
weakness  of  the  muscular  coat  may  also  allow  of  passive  distension. 
Obstruction  of  the  pylorus,  causing  an  accumulation  of  the  contents, 
leads  in  the  first  instance  to  a  simple  distension  of  the  organ,  which 
tells  chiefly  on  the  parts  which  are  free  to  swell  out.  The  lesser 
curvature  is  fixed  by  its  attachments,  and  it  usually  retains  nearly  its 
normal  position  except  that  its  middle  part  is  somewhat  dragged 
downwards.  The  greater  curvature,  on  the  other  hand,  is  carried 
downwards,  and  the  stomach  may  apparently  fill  the  entire  abdomen, 
reaching  as  far  as  the  symphysis  pubis.  Sometimes  the  pylorus  is 
depressed  and  the  duodenum  correspondingly  displaced. 

The  general  result  of  obstruction  of  an  orifice  is  compensatory  hyper- 
trophy "of  the  muscular  coat  of  the  viscus,  such  as  frequently  develops 
in  the  heart  and  urinary  bladder.    But  the  muscular  coat  of  the 
stomach  has  a  somewhat  diiferent  function  to  that  of  the  heart  or 
bladder     In  the  latter  there  is  a  simultaneous  contraction  of  the  entire 
muscle  with  a  view  to  the  emptying  of  the  viscus.    In  the  stomach, 
however,  the  contraction  is  vermicular,  and  its  object  is  as  much  to 
move  the  contents  about  inside  the  stomach  as  to  empty  them  into 
the  duodenum.    In  the  actual  propulsion  of  the  contents  into  the 
duodenum  it  is  the  pyloric  portion  of  the  stomach  that  is  engaged,  and 
here  also  the  material  is  carried  forward  by  a  vermicular  movement. 
Hence  the  hypertrophy  of  the  muscular  coat  in  obstruction  of  the 
pylorus  does  not  occur  uniformly  in  the  stomach,  but  localizes  itself 
in  the  pyloric  portion,  sometimes  even  with  a  special  thickening  just 
at  the  orifice,  forming  a  tight  Sphincter.    In  these  cases  when  tjie 
wall  of  the  stomach  is  divided,  the  progressive  thickening  of  the  ig  d 
muscular  coat  can  often  be  distinguished  as  the  pylorus  is  appi  hed 
As  the  muscle  of  the  stomach  is  in  bundles,  hypertrophy  produces  an 
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exaggeration  of  these,  and  on  section  they  are  frequently  very  pro- 
minent, especially  as  the  connective 
tissue  septa  between  them  are  also 
hypertrophied.  The  alternating  bundles, 
as  seen  on  section,  have  been  compared 
with  the  leaves  of  a  fan. 

Besides  general  dilatation,  which  is  of 
common  occurrence,  a  localized  dilatation 
or  Diverticulum  is  met  with,  but  is 
exceedingly  rare.     Tilger   describes  a 
case  of  Traction-diverticulum  (see  under 
(Esophagus)  in  which  the  traction  from 
without  of  an  adherent  and  displaced 
gall-bladder  had  been  the  cause.  Pulsion- 
diverticula  are  equally  rare.    In  the  case 
illustrated  by  Fig.  573,  the  diverticulum 
was  essentially  a  hernia  of  the  mucous 
membrane  through  the  muscular  coat    t^^*^  ^>•e^tev  curvature, 
and  was  thus  comparable  with  the  much  more  common  "false  diver- 
ticula "  of  the  intestine. 


b'ig.  .0 1 3. — Gastric  diverticulum  near 


literature.— Penzoldt,  Magenerweiterung,  1875  ;  Leube,  in  Ziemssen's  Encycl., 
Yii.,  1877;  Campbell  Tho.mson,  Acute  dilatation  of  stomach,  1902;  Tilgeh,  Vircb. 
Arch.,  cxxxiii.,  p.  201,  1893;  Joshua  Ferguson  (Diverticula),  Glas.  Med.  Journ., 
1897  (with  references) ;  Hahn,  Deutsch.  Arch.  f.  klin.  Med.,  Ixiii.,  359,  1900. 


III. -INFLAMMATIONS  OF  THE  STOMACH.  GASTRITIS. 

Acute  inflammations  may  be  produced  by  the  action  of  irritant 
substances.  Phlegmonous  inflammation  is  rare  in  the  stomach  as 
compared  with  the  frequency  of  phlegmonous  angina  of  the  fauces 
or  dysenteric  inflammation  of  the  intestine.  A  localized  and  a 
diffuse  form  have  been  described,  the  latter  occupying  the  stomach  wall 
extensively,  and  causing  great  thickening  (see  Fig.  574)  There  is 
great  swelling  and  redness  of  the  mucous  membrane,  terminating  in 
purulent  infiltration  of  the  wall  of  the  stomach,  chiefly  of  the  sub- 
mucous^^ tissue.  Sometimes  multiple  abscesses  form  in  the  wall  of  the 
tTpT  t  7.  •'^^^  in  some  cases  to 

resembtnt  r  "  7""'"?      streptococci,  in  this  and  other  respects 

cancer,  but  frequently  the  origin  of  the  infection  is  obscure. 

freQuenTl  ''"T^'  ^«  '  '^^^^^^^^  «f  very 

trequent  occurrence  and  is  met  with  in  the  acute  and  chronic  forms 
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Acute  catarrh.— This  is  an  acute  inflammation  usually  induced 
for  the  most  part  by  the  direct  action  of  irritants  on  the  mucous 
membrane,  mainly  by  the  use  of  irritating  foods  or  drinks.  When 
food  remains  in  the  stomach  undigested  it  undergoes  decomposition, 
and  the  irritating  products  may  induce  an  acute  catarrh.  But  the 
mere  prolonged  stay  of  food  in  the  stomach  probably  induces  it,  as 
when  the  secretion  of  the  gastric  juice  and  the  peristaltic  action  neces- 
sary to  the  process  of  digestion  are  interfered  with. 

It  is  seldom  that  the  stomach  can  be  examined  after  death  in  this 
condition,  but  from  the  observations  of  Beaumont  on  his  patient  with  a 
gastric  fistula,  as  well  as  from  experim-ents  on  animals,  the  appearances 


Fig.  5  ('4. — Phlegmonous  g.  A  portion  of  the  infiltrated  wall  of  the  stomach 

is  shown.    At  several  places  almut;s.sus  opening  on  the  surface  are  seen. 

of  the  mucous  membrane  have  been  tolerably  well  made  out.  There 
is  intense  redness  with  swelling  of  the  mucous  membrane,  which  is 
covered  by  a  layer  of  mucus  or  muco-pus,  sometimes  slightly  mixed 
with  blood.  The  appearances  are  most  marked  towards  the  pylorus, 
and  sometimes  confined  to  that  region. 

Under  the  microscope  the  blood-vessels  in  the  mucous  membrane, 
and  especially  in  the  sub-mucous  tissue,  are  found  enormously  distended 
and  the  epithelial  cells,  both  those  of  the  surface  and  of  the  glands, 
enlarged  and  granular. 

Chronic  catarrh.— This  often  remains  after  one  or  more  attacks  of 
the  acute  form.  It  is  also  present  in  cases  of  passive  hyperaemia  of  the 
stomach,  which  so  frequently  occurs  in  consequence  of  diseases  of  the 
heart  and  liver.  Cancer  of  the  stomach  is  also  accompanied  by  chronic 
catarrh  in  most  cases. 
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If  the  catarrh  is  prolonged  there  usually  occurs  a  considerable  new- 
formation  of  connective  tissue,  as  in  other  chronic  inflammations.  There 
is  thus  a  thickening  which  affects  the  mucosa,  submucosa,  and  muscular 
coat,  and  causes  the  surface  of  the  mucous  membrane  to  assume  an 
irregularly  folded  or  warty  appearance,  which  has  given  rise  to  the 
designation  Mat  mamelonnS.  The  mucous  membrane  also  presents,  in 
many  cases,  dark  spots  or  a  general  deep  slaty  colour,  from  the  presence 
of  pigment  granules  in  the  tissue.  The  pigment  is  derived  from  the 
blood,  and  indicates  the  occurrence  of  haemorrhages,  probably  by  dia- 


Fig.  575.— The  .stomach  iu  carbolic  acid  poisouiug. 

pedesis.  The  increase  of  the  connective  tissue  produces  Atrophy  of 
the  glands,  which  are  also  considerably  distorted. 

It  sometimes  happens  that  the  increase  of  connective  tissue  is 
specially  great,  and  the  wall  of  the  stomach  may  be  converted  into  a 
thick,  hard,  resistant  structure.  As  all  these  processes  occur  mainly  in 
the  pyloric  portion  of  the  stomach,  considerable  Narrowing  of  the 
orifice  may  result.  The  rigidity  of  the  wall  and  the  narrowing  of  the 
onfice  induce  more  forcible  muscular  contractions,  and  the  muscular 
coat  therefore  hypertrophies.  The  thickened  and  indurated  condition 
may  closely  resemble  scirrhus  of  the  stomach,  especially  as  the 
muscular  coat  is  often  hypertrophied  in  that  disease  also 
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Occasionally  Mucous  polypi  develop  in  connection  with  chronic 
catarrh,  and  these  may  develop  into  mucous  cysts. 

Action  of  corrosives,  caustics,  and  poisons. — Strong  acids  and 
alkalies  acting  on  the  stomach  wall  cause  necrosis  to  a  greater  or  less 
extent.  As  already  noted  the  oesophagus  is  often  but  slightly 
involved.  The  intestine,  on  the  other  hand,  is  frequently  afiected, 
sometimes  as  far  down  as  the  ileo-ctecal  valve.  The  intensity  of 
the  action  depends  largely  on  the  concentration  of  the  acid  or  alkali. 
Sometimes  the  whole  thickness  of  the  stomach  is  dissolved,  and, 
the  contents  escaping,  the  action  extends  to  the  abdominal  organs. 
The  affected  parts  show  various  colours,  acids  generally  producing 
a  dark  colour,  while  alkalies  lead  to  a  more  tawny  appearance. 

If  the  patient  survive,  the  sloughs  will  be  discharged,  and  there 
is  subsequently  cicatricial  contraction,  leading  sometimes  to  serious 
deformity  and  stenosis  of  the  stomach. 

Carbolic  acid  produces  a  dry,  stiff  condition  of  the  mucous  mem- 
brane. The  altered  epithelium  may  haA^e  a  pearly  white  appearance 
(see  Fig.  575).  This  condition  may  also  extend  to  the  intestine.  (See 
cases  in  Western  Infirmary  Museum,  Glasgow.) 

Arsenic  does  not  produce  necrosis,  but  an  irritation,  evidenced  by 
hyperemia,  and  sometimes  by  ulceration.  Decomposition  is  prevented 
by  the  presence  of  considerable  quantities  of  arsenic. 

Literature. — Abercbombib,  Eesearches  on  dis.  of  stomach,  etc.,  3rd  ed.,  1837  ; 
Leube,  loc.  cit.;  Fenwick,  Morbid  states  of  stom.,  1868,  Atrophy  of  stom.,  1880  ; 
Habeeshon,  Observations  on  dis.  of  abdom.,  3rd  ed.,  1878  ;  Fox,  in  Eeynold's  Syst. 
of  med. ,  1868;  Beaumont,  Expers.  and  observations  on  gastric  juice,  etc.,  1833; 
SiLCOCK  (Phlegmonous  infl.).  Path.  Trans.,  xxxiv.,  1883;  Lbith,  Edin.  Hosp. 
Eeports,  iv.,  1896  (with  literature). 

IV.— THE  SIMPLE  PERFORATING  ULCER. 

This  peculiar  form  of  ulcer  is  met  with  only  in  the  stomach,  first  part 
of  the  duodenum,  and  lower  part  of  the  oesophagus.  The  duodenum  is 
not  an  infrequent  seat,  the  ossophagus  a  more  unusual  one.  It  is  also 
called  the  Bound,  the  Chronic,  and  the  Perforating  ulcer.  It  is 
clear  from  the  localities  in  which  it  occurs  that  its  peculiarities  are  due 
to  the  action  of  the  gastric  juice. 

The  ulcer  is  usually  round  or  oval  in  shape,  and  presents  the  appear- 
ance as  if  a  conical  piece  of  the  wall  of  the  stomach  had  been  punched 
out  from  within,  its  edges  being  perfectly  defined  without  any  con- 
siderable thickening  of  the  neighbouring  mucous  membrane,  and  the 
floor  of  the  ulcer  perfectly  clean  (see  Fig.  576).    The  superficial 
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extent  and  depth  of  the  ulcer  vary.  The  commonest  size  is  about 
that  of  a  shilling,  but  this  may  be  considerably  exceeded,  and 
Cruveilhier  has  described  an  ulcer  which  was  U  inches  long  and  3| 
inches  broad.  In  the  smaller  ulcers 
the  floor  is  formed  of  the  coats  of 
the  stomach,  probably  with  some 
new-formed  connective  tissue.  In 
the  larger  and  deeper  ones  the  tissue 
of  neighbouring  organs  may  be  ex- 
posed, such  as  that  of  the  pancreas 
or  liver.  The  floor  of  the  ulcer 
does  not  present  any  of  the  usual 
appearances  of  a  granulating  wound, 
but  is  clean  and  smooth,  the  actual 
tissue  of  the  part  being  exposed, 
perhaps  indurated  from  new-formatioii 
of  connective  tissue. 

The  situation  of  the  ulcer  is  mostly 
in  the  neighbourhood  of  the  lesser 
curvature,  and  nearer  the  pyloric  than 
the  cardiac  orifice.  It  is  more  fre- 
quent on  the  posterior  than  the 
anterior  wall.  Although  often  single, 
it  is  common  to  find  more  than  one 
ulcer  present  in  the  same  case. 

The  ulcer  presents  a  tendency  to 
penetrate  more  and  more  deeply, 
from  which  circumstance  it  is  named 
the  Perforating  ulcer.  It  does  not 
appear  to  extend  circumferentially 
to  any  considerable  degree  ;  it  is  pro- 
bable indeed  that  at  the  very  fiist 
the  ulcer  assumes  its  full  superficial 
dimensions.  Eating  into  the  wall  of  the  stomach,  it  may  penetrate 
through  the  entire  coats,  and  sundry  accidents  are  liable  to  ensue. 

One  of  the  commonest  of  these  accidents  is  HaBmorrhage.  The 
ulcer  penetrates  one  or  more  vessels  at  its  base.  The  vessels  may  be 
small  and  the  hajmorrhage  not  very  considerable,  but  sometimes  a 
larger  artery  is  laid  open,  and  a  serious,  even  a  fatal  hfemorrhage 
results.  From  the  commoner  situations  of  the  ulcers  the  arteries  most 
frequently  penetrated  are  these— the  coronary  artery  or  one  of  its 
branches,  the  gastro-epiploic,  the  pancreatic,  and  the  splenic.  '  Some- 


Fig.  Si'G,— l^LTfnriitiiig  ulcers  of  the 
stomach  opou  and  healed,  from  the  same 
case.  In  the  upi^er  piece  of  tissue  is  a  flat 
slightly  depressed  cicatrix  and  some 
smaller  ones  near  the  lower  border.  The 
lower  piece  shows  a  doeplj'  excavated 
ulcer,  which  had  caused  death  by  perfora- 
tion into  the  peritoneum. 
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times  the  open  mouth  of  the  vessel  can  be  seen,  after  death,  in  the 
floor  of  the  ulcer  (see  Fig.  577). 

Perforation  is  another  result  of  the  penetration  of  the  ulcer.  For 
the  most  part,  by  the  time  the  ulcer  has  eaten  through  the  wall  of  the 
stomach,  the  latter  has  already  acquired  adhesion  to  some  neighbour- 
ing structure,  and  so  actual  rupture  of  the  stomach  and  escape  of  its 
contents  into  the  peritoneal  cavity  are  not  common.  The  adhesion  may 
be  to  the  liver  or  pancreas,  or,  more  rarely,  to  the  spleen,  diaphragm. 


Fig  577.— Perforating  ulcer  of  the  duodenum  opening  into  the  gastro-epiploic  artery 
and  resulting  in  fatal  ha;morrhage.  The  ulcer,  which  is  quadiilateral  in  form,  is  situ- 
ated immediately  beyond  the  pylorus.  The  floor  is  formed  in  part  by  the  pancreas. 
A  piece  6f  whale-bone  has  been  passed  through  the  artery. 

colon,  or  abdominal  wall.  By  the  extension  of  the  ulcer  these  struc- 
tures may  be  eaten  into  and  their  tissue  exposed.  The  tissue  when  first 
exposed  has  its  normal  appearance,  but  it  usually  becomes  condensed 
and  cicatricial.  Sometimes  the  irritation  of  the  gastric  juice  produces 
suppuration  and  the  formation  of  an  Abscess,  especially  in  the  case  of 
penetration  into  the  liver. 

Rupture  of  the  stomach  results  if  perforation  occur  without  previous 
adhesion  of  the  wall.  This  will  happen  most  readily  where  the  wall 
of  the  stomach  is  liable  to  shift  about  during  the  regular  peristaltic 
movements,  and  also  where  there  is  no  solid  viscus  to  which  it  may 
readily  adhere.  Both  these  conditions  are  fulfilled  in  the  case  of  ulcers 
of  the  anterior  wall,  and  so  it  happens  that  rupture  most  frequently 
occurs  in  this  situation.     The  ulcers  which  lead  to  perforation  are 
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frequently  very  small,  and  the  aperture  in  the  serous  coat  may  be  as 
large  as  the  ulcer  itself.  The  result  of  the  rupture  is  acute  peritonitis, 
which  is  generally  fatal. 

The  ulcer,  when  situated  at  or  near  the  pylorus,  may  lead  to  partial  Obstruction 
of  the  pylorus.  This  may  be  due  to  distortion  of  the  parts  and  folding  of  the 
mucous  membrane  from  shrinking  of  the  ulcer.  It  will  follow  most  readily  in 
ulcers  of  the  duodenum  immediately  beyond  the  sphincter.  This  situation  is 
not  uncommon,  and  the  ulcer  not  infrequently  partly  involves  the  edge  of  the 
pylorus.  In  a  case  observed  by  the  author  the  symptoms  during  life  and  even 
the  appearances  after  death  strongly  suggested  cancer  of  the  pylorus. 


Fig.  5rS.— Stellate  cicatrix  of  a  dundenal  ulcer  with  extreme  stenosis  near  the 
pylorus. 


Healing  of  the  perforating  ulcer  is  by  no  means  an  unusual  occur- 
rence. In  the  experiments  to  be  referred  to  presently,  in  which  ulcers 
were  produced  artificially  in  animals,  they  healed  very  readily.  In 
man  also  they  are  frequently  recovered  from,  and  we  often  meet  with 
cicatrices  in  the  stomach.  The  cicatrices  are  usually  fiat,  as  in  Fig. 
576,  and  there  may  even  be  no  very  obvious  cicatrix  at  all.  The 
author  met  with  a  case  in  which  three  weeks  after  a  very  severe 
hfemorrhage,  presumably  from  an  ulcer  of  the  stomach,  only  an  obscure 
cicatrix  could  be  found.  In  some  cases  considerable  contraction  occurs 
in  heabng.  In  the  case  of  ulcers  near  the  pyloric  ring,  this  may  lead 
to  marked  stenosis  (see  Fig.  578).  In  order  that  healing  may  result, 
the  acrid  condition  of  the  gastric  juice,  which  seems  to  be  the  chief 
agent  m  their  causation,  must  be  corrected. 

3i' 
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The  mode  of  origin  of  these  ulcers  is  a  matter  of  some  difficulty.  It 
is  obvious,  from  the  shape  and  appearance  of  the' ulcer,  that  it  has 
arisen  by  the  necrosis  and  subsequent  digestion  of  a  piece  of  the  wall 
of  the  stomach.    The  funnel-shaped  outline  of  the  ulcer  suggested  to 
Virchow  that  the  necrosis  occurred  by  obstruction  or  interference  with 
an  arterial  branch,  and  he  observed  as  confirmatory  of  this  that  the 
ulcers  most  frequently  had  their  seat  at  the  point  of  entrance  of  arterial 
branches  into  the  wall  of  the  stomach.    The  experiments  of  Panum 
■and  Cohnheim  confirm  this  view  in  so  far  as  they  show  that  ulcers 
may  be  produced  by  embolism  of  the  arteries  of  the  stomach.  The 
perforating  ulcer,  however,  is  not  met  with  specially  in  cases  of 
embolism  or  thrombosis  of  the  arteries  of  the  stomach,  but  in  the 
immense  majority  of  instances  in  cases  where  no  such  disturbance  of 
the  circulation  exists.     It  has  been  suggested  again  that  a  venous 
hypersemia,  by  causing  stagnation  and  even  haemorrhage  (see  after- 
wards) in  defined  areas  of  the  mucous  membrane,  may  produce  such 
weakening  of  the  tissue  as  to  induce  necrosis  and  digestion  of  it. 

In  most  cases  of  gastric  ulcer  there  is  serious  and  usually  prolonged 
Dyspepsia,  and  the  persons  are  frequently  anaemic.  Some  abnormal 
condition  of  the  gastric  juice,  by  virtue  of  which  it  is  peculiarly  irntat- 
ino-  to  the  mucous  membrane,  seems  to  be  an  essential  factor,  while  a 
weakened  condition  of  the  mucous  membrane  is  also  of  consequence.  In 
most  cases  the  gastric  juice  is  abnormally  acid,  and  it  has  been  thought 
that  by  neutralizing  the  natural  alkalinity  of  the  tissues  it  may  lead  to 

their  necrosis.  ...     ,  .  • 

On  the  whole  it  seems  probable  that  an  acrid  gastric  jmce,  talang 
advantage  of  any  accidental  stagnation  in  a  defined  area  of  the  mucous 
membrane,  may  lead  to  its  necrosis  and  the  formation  of  the  ulcer. 

The  frequency  of  ulcer  of  the  stomach  may  be  judged  of  from  the 
fact  that,  according  to  the  results  of  post-mortem  examinations,  it  is 
said  that  there  are  ulcers  or  cicatrices  in  about  one  in  twenty  oi  the 
cases  examined  after  death. 

Literature  -Baillie,  Morb.  Anat.,  3rd  ed.,  1812 ;  Beij^ton,  Ulcer  of  ^t^;^- 1^57 ; 
V^cZT^oh    v.;  MtoLEB,  Geschwiir  des  Magens,  1860;  Pakhm,  Virch^ Arch 
ir  CO— ,  Al'lg.  Path.;ii. ;  I^.bs,  Handb.,  i. ;  L™,  in  "f^^;^' 
T    .  i  .  FfAnsER   Das  Magengeschwiir,  sein  Vernarbungsproc,  1SS3,  Fenwick, 
,  Jour.lf  Bact.,  vol  i!  1893,  p.  417  ;  Le.h,  Edin.  Hosp.  Bep.,  vol.  n. 

v.— HYPEREMIA  AND  HAEMORRHAGE. 
Passive  hyperemia  of  the  stomach  is  of  very  frequent  occurrence 
befng  "ugh?  about  not  only  in  that  large  class  of  cases  in  which 
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there  is  a  general  venous  engorgement,  but  also  in  those  in  which  a 
localized  lesion  of  the  liver  obstructs  the  portal  circulation.  The 
mucous  membrane  is  generally  reddened  in  such  cases,  and  there  is 
usually  some  catarrh.  There  are  commonly  also  hajmorrhagic  erosions 
visible  (see  below). 

Severe  vomiting  also  leads  to  passive  hypersemia,  apparently  by 
the  spasmodic  contraction  of  the  muscular  coat  obstructing  the  veins. 
Here  also  there  may  be  considerable  haemorrhage. 

Haemorrhage  occurs  under  a  considerable  variety  of  circumstances. 
Ulcers,  whether  simple  or  cancerous,  frequently  cause  it.  It  may 
result,  as  just  mentioned,  from  passive  hypersemia,  and  it  occurs  much 
more  rarely  in  scurvy,  purpura,  yellow  fever,  and  typhus. 

In  the  case  of  ulcers  there  may  be  large  haemorrhages  from  the 
rupture  of  considerable  vessels.  In  passive  hypersemia  there  is  rather 
a  leakage  from  the  superficial  vessels  of  the  mucous  membrane,  these 
being  least  supported,  and  the  blood  passes  chiefly  into  the  cavity  of 
the  stomach.  At  the  same  time  there  is  some  infiltration  of  the 
mucous  membrane  in  its  superficial  layers,  and  these  parts  being 
injured  by  the  blood  may  be  digested  by  the  gastric  juice.  In  this 
way  arise  small  flat  superficial  ulcers,  the  so-called  Hsemorrhagic 
erosions.  These  are  generally  present  in  considerable  numbers,  chiefly 
in  the  pyloric  region.  In  the  erosions  there  may  be  still  some  remains 
of  blackened  blood,  and  alongside  them  there  are  little  areas  of  mucous 
membrane  infiltrated  with  blood.  In  these  cases  also  the  mucous 
membrane  often  presents  a  general  redness  from  the  passive  hypersemia, 
and  may  be  thickened  by  catarrh. 

The  blood,  in  whatever  way  arising,  is  generally  mixed  with  the 
contents  of  the  stomach,  and  blackened  by  the  gastric  juice.  If  the 
hemorrhage  be  very  severe,  as  from  an  ulcer  perforating  a  considerable 
artery,  the  blood  may  be  vomited  nearly  in  the  fresh  state,  but  usually 
it  is  tarry  or  like  cofi-ee-grounds.  The  altered  blood  will  also  pass  into 
the  duodenum  and  onwards, 

Blood  sometimes  accumulates  in  the  stomach  when  it  has  a  dif- 
ferent source,  as  when  an  aneurysm  ruptures  into  the  pharynx  or 
oesophagus. 


VI.-TUBERCULOSIS  AND  SYPHILIS  OF  THE  STOMACH. 
Tubercular  ulcers  are  rare  in  the  stomach,  although  very  frequent 
m  the  mtestme.    They  sometimes  occur  in  cases  of  advanced  phthisis 
pulmonahs,  and  are  more  common  in  children  than  in  adults  The 
Ulcers  are  more  superficial  than  those  in  the  intestine  (see  Fig  579) 
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resembling  rather  those  of  the  urinary  bladder,  although  deeper. 
They  have  overhanging  edges  and  granular  floors. 

The  rarity  of  tubercular  ulcers  in  the  stomach  as  compared  with  the  intestine 
may  be  due  to  two  circumstances.  In  the  first  place  the  gastric  juice  will  inhibit 
the  tubercle  bacilli  in  their  passage  through  the  stomach,  and,  in  the  second  place, 


/ 


Pig.  579 —Tubercular  ulcers  in  the  stomacli  of  a  cMld. 


ctomach  is  defective  in  closed  follicles,  which  in  the  intestine  are  the  primary 

and  more  superficial  character  of  the  ulcers. 

Syphilis  is  also  excessively  rare  in  the  stomach,  but  Birch-Hirschfeld 
records  two  cases  in  his  Uh-luc\  apparently  of  congemtal  origin. 

Mterature.-Co.xs,  Glasg.  Med.  Jour.,  -i-,  1B8«.^^^3;^^^^^^^ 


CANCER  OF  THE  STOMACH. 


965 


VII.— TUMOURS  OF  THE  STOMACH. 
Cancer.— This  form  of  tumour  is  of  much  practical  importance,  and 
it  is  of  exceedingly  frequent  occurrence.  From  the  statistics  of  a 
considerable  number  of  observers  it  appears  that  cancer  occurs  more 
frequently  in  the  stomach  than  in  any  other  situation  in  the  body, 
the  uterus  being  the  next  most  frequent  site. 

The  great  frequency  of  cancer  in  the  stomach  is  probably  related  to  the  fact 
that  the  epithelial  structures  of  this  organ  are  more  exposed  to  various  irritations 
than  those  of  any  other  part  of  the  body.  Not  only  have  we  varieties  of  irritating 
foods,  but  the  foods  are  liable,  as  we  have  seen,  to  decomposition,  the  products  of 
which  produce  irritation.  In  cases  of  cancer  there  is  very  commonly  a  history  of 
prolonged  dyspepsia,  perhaps  from  youth. 

In  this  relation  the  simple  ulcer  may  be  again  referred  to.  There  have  been 
cases  observed  in  which  cancer  seemed  to  originate  in  the  simple  ulcer ;  but  the 
simple  ulcer  is  a  disease  mostly  of  youth,  whereas  cancer  is  a  disease  of  middle 
life,  the  average  age  being  fifty  years.  It  is  almost  as  if  similar  causes  produced 
the  simple  ulcer  in  youth,  and  cancer  in  middle  life. 

In  its  Structure  and  Mode  of  growth,  cancer  of  the  stomach  con- 
forms to  cancer  elsewhere.  It  consists  of  epithelial  masses  contained 
in  a  stroma. 

The  epithelium  originates  from  the  epithelium  of  the  mucous  mem- 
brane or  its  glands,  and  sometimes  it  retains  to  a  large  extent  the 
glandular  characters.  In  growing,  the  cancerous  tissue  first  infil- 
trates the  mucous  membrane  and  submucous  tissue,  producing 
thickening  of  them.  It  also  insinuates  itself  •  amongst  the  muscular 
bundles,  frequently  separating  these  and  replacing  them.  It  is  not 
uncommon  to  find  in  the  muscular  coat  almost  isolated  outposts,  the 
cancerous  tissue  having  only  a  narrow  connection  with  the  primary 
tumour.  The  cancer  penetrates  through  the  muscular  coat  to  the 
subserous  tissue,  but  does  not  commonly  involve  the  surface  of  the 
peritoneum  except  in  the  case  of  colloid  cancer  (see  under). 

In  their  growth  the  cancerous  processes  irritate  the  tissues,  and 
there  is  usually  a  considerable  infiltration  of  round  cells.  In  the  more 
chronic  infiltrating  forms,  there  is  a  great  new-formation  of  connective 
tissue,  constituting  scirrhous  cancer. 

As  the  cancer  in  its  growth  causes  atrophy  of  the  proper  tissue,  the 
affected  part  of  the  stomach  comes  to  be  composed  more  or  less  of 
cancer  tissue.  This  is  less  calculated  to  resist  the  disintegrating  action 
of  the  food  and  gastric  juice  than  the  normal  mucous  membrane,  and 
hence  Ulceration  is  a  very  frequent  result.  This  will  occur  readily  in 
the  softer  and  more  superficial  cancers,  and  as  these  are  the  commoner. 
It  IS  usually  a  prominent  feature. 
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The  Cancerous  ulcer  (Fig.  580)  Is  usually  considerably  excavated, 
and  there  may  be  pieces  of  slough  in  its  floor.  Its  edges  are  prominent, 
sometimes  over-hanging,  and  they  shade  off  into  the  normal  mucous 
membrane.  In  its  central  parts  the  ulcer  may  penetrate  deeply 
sometimes  through  the  coats  of  the  stomach  into  neighbouring  viscera, 
as  the  liver  or  tranverse  colon.  On  the  other  hand,  the  floor  of  the 
ulcer  may  be  partially  cicatrized.  In  slow-growing  epithelial  cancers 
the  ulcer  may  be  very  large  and,  with  its  overhanging  edges,  may 
occupy  a  large  part  of  the  stomach. 

Cancer  of  the  stomach  usually  begins  in  the  Pyloric  region,  although 
by  no  means  always.    It  may  arise,  for  example,  in  the  cardiac  end 


Fig.  5S0.— Ulcerated  cauctr  of  the  stomaeb.    The  central  depression  of  the  ulcer 
and  the  prominent  infilti-ated  border  are  shown. 

(Fig.  581).  In  extending  it  not  infrequently  takes  the  form  of  a  Ring 
around  the  pyloric  region,  and  by  its  prominence  and  sometimes 
by  the  contraction  of  the  ulcer  may  lead  to  obstruction  (see  Fig. 
582). 

Hypertrophy  of  the  muscular  coat  of  the  stomach  is  present  in 
most  cases  of  cancer  and  is  a  striking  feature  in  many.  This  arises 
from  the  fact  that  the  cancer,  by  causing  rigidity  of  the  wall  or  by 
obstructino-  the  pylorus,  interferes  with  the  peristaltic  movement  and  so 
induces  a  compensatory  hypertrophy  of  the  muscle.  Hence  it  is  some- 
times extreme  in  scirrhus  and  in  pyloric  cancers  generally  i  he 
thickened  muscular  coat  forms  a  somewhat  stiff  mantle,  which  on 
section  has  a  pale  glistening  appearance,  the  trabecular  ot  the  muscle 
being  separated  by  partitions  which  run  perpendicular  to  the  surfece 
(Fig.  582). 


CANCER-  OF  THE- STOMACH. 


967 


The  cancer  affects  surrounding  parts  both  by  Irritation  and  by 
Extension  of  the  cancerous  growth.    The  peritoneal  surface  is  usually 


Fig.  .081.— Cancer  of  the  cardiac  cud  of  the  .stomach,  with  extension  to  the 
(esophagus,  sjileeu,  etc. 


Fig.         Cancer  of  the  pyloric  end  of  .stomach,  with  marked  .stenosis.    There  i.s 
nyiievtrophy  of  the  muscular  coats. 

the  seat  of  chronic  inflammation,  so  that  adhesions  are  present,  some- 
times producing  great  matting  and  entanglements  around  the  stomach. 
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The  cancerous  growth  also  sometimes  extends  by  contiguity  into  organs 
with  which  adhesions  have  been  contracted,  chiefly  the  liver  and  trans- 
verse colon. 

The  Lymphatic  glands  are  usually  aflected,  in  the  first  place  those 
immediately  in  connection  with  the  stomach  at  the  lesser  and  greater 
curvatures,  but  also  the  prevertebral  glands.  A  very  frequent 
extension  is  to  the  Liver  (which  see)  and  a  less  frequent  one  to  the 
Peritoneum. 

As  the  secondary  extension  of  cancers  of  the  stomach  and  intestine 
presents  may  points  in  common,  a  special  section  is  devoted  to  the 
subject  further  on. 

The  general  characteristics  of  cancers  of  the  stomach  have  been 
given  above,  and  several  forms  have  been  referred  to.  It  is  possible 
to  distinguish  four  diff'erent  forms,  which,  however,  are  not  absolutely 
separable. 

1.  Cylinder-celled  epithelioma  {Adenoid  cancer.  Malignant  adenoma). — In  this 
form  there  is  a  tolerably  definite  gland-like  new-formation,  as  we  have  in  other 
cases  of  cylinder-celled  epithelioma  (see  Fig.  196,  p.  360).  There  are  spaces  lined 
with  cylindrical  epithelium,  but  very  often  this  regular  arrangement  is  lost  in  great 
part,  and,  except  in  the  more  recently  formed  parts,  we  have  more  irregular  masses. 

The  tumour  is  a  slowly  growing  one,  and  it  generally  involves  a  considerable 
portion  of  the  stomach  before  the  death  of  the  patient.  The  surface  is  nearly 
always  ulcerated,  and  may  be  considerably  excavated.  There  are  sometimes  papillae 
on  the  surface  of  the  tumour,  especially  at  the  marginal  parts,  which  give  the 
surface  a  warty  appearance. 

2.  Medullary  or  soft  cancer. — This  form  is  closely  allied  to  the  preceding,  but  the 
cell  masses  are  larger  and  less  arranged  in  definite  gland-like  spaces,  while  there 
is  a  sparse  and  delicate  stroma.  The  tissue  is  soft,  and  it  is  specially  liable  to  bleed 
and  to  ulcerate.  The  latter  condition  is  so  frequent  and  characteristic  that  the 
tumour  often  presents  itself  as  a  round,  shaggy  ulcer,  which  may  be  very  small  and 
insignificant  in  appearance  (see  Fig.  583).  The  bleeding  may  be  slight  but  frequent, 
or  it  may  be  more  considerable  and  even  fatal.  This  form  very  commonly  shows 
numerous  large  tumours  in  the  liver. 

3.  Scirrhus. — In  this  form  the  new-formation  of  epithelial  cells  is  not  very  rapid 
or  vigorous,  and  it  is  accompanied  by  an  excessive  formation  of  connective  tissue  in 
the  form  of  a  stroma.  Originating  in  the  glandular  epithelium,  long  processes  com- 
posed of  rows  of  cells,  often  with  few  abreast,  are  produced.  These  processes  seem 
to  be  peculiarly  irritating,  as  they  give  rise  to  the  production  of  round  cells  and  of 
dense  connective  tissue,  which  are  sometimes  more  manifest  than  the  proper 
epithelial  elements.  These  elements  may,  in  fact,  degenerate,  and  leave  little 
besides  condensed  hard  connective  tissue. 

The  cancer  mostly  begins  in  the  pyloric  region,  but  extends  inwards  till,  in  some 
cases,  it  has  involved  the  entire  wall  of  the  stomach,  except  the  fundus.  The  wall 
of  the  stomach  is  converted  into  a  stiff  hard  mass,  which  may  be,  in  some  places, 
an  inch  in  thickness.  The  surface  of  the  affected  portion  of  the  stomach  is 
irregular,  with  rounded  prominences,  and  there  are  sometimes  ulcers  present,  but 
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there  is  not  a  general  ulceration  as  in  the  case  of  the  epithelial  and  medullary 
forms.  The  affected  portion  of  the  stomach  is  often  greatly  contracted  in  this 
disease,  especially  the  pyloric  region  (see  Fig.  584). 


Fig.  583.  — Caucer  of  stomach  in  the  form  of  a  circular  ulcer  with  infiltrated  walls. 
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4.  Colloid  cancer. — The  forms  ah-eady  described,  and  especially  the  epithelioma, 
occasionally  undergo  a  partial  colloid  degeneration,  but  in  colloid  cancer  the  cells 
have  a  special  tendency  from  the  first  to  undergo  colloid  metamorphosis,  so  that 
even  in  the  more  recent  parts  there  is  often  already  a  considerable  advance  in  the 
degeneration.  The  outlines  of  the  cells  disappear  as  the  protoplasm  becomes 
transformed  into  colloid  material,  and  as  the  nuclei  resist  the  degeneration  longer, 
we  sometimes  see  the  peculiar  appearance  of  oval  nuclei  as  if  floating  in  a  clear 
transparent  material.  Finally,  the  whole  epithelial  elements  are  converted  into 
colloid  material,  and  the  structure  presented  is  a  beautiful  reticulated  network  with 
spaces  filled  with  a  transparent  colourless  jelly  (Fig.  202,  p.  36(5). 

As  the  colloid  material  occupies  more  space  than  the  original  cells,  the  spaces  of 
the  alveoli  are,  as  it  were,  tightly  packed  with  the  jelly,  and  the  fibres  of  the  stroma 
rendered  tense  and  rigid.  Hence,  although  the  structure  is  composed  mainly  of  a 
soft  jelly,  yet  it  is  to  the  feeling  hard  and  rigid,  just  as  a  tensely  filled  bladder 
may  be. 

The  tumour,  like  other  cancers,  usually  begins  near  the  pylorus,  but  it  extends 
gradually  till  it  comes  to  involve  a  large  area,  sometimes  even  as  much  as  three- 
fourths  of  the  entire  extent  of  the  viscus.  The  wall  of  the  stomach  is  converted 
into  a  transparent  glancing  tissue,  and  in  the  more  advanced  parts  it  is  impossible 
any  longer  to  distinguish  the  difierent  coats,  all  being  homogeneously  replaced  by 
the  cancerous  tissue.  The  wall  of  the  stomach  is  considerably  thickened,  and  the 
internal  surface  may  present  an  irregular  aspect  with  prominences ;  but  there  is 
little  tendency  to  ulceration.  As  the  thickened  wall  is  tease  and  hard,  the  stomach 
when  cut  into  does  not  generally  collapse,  but  keeps  its  shape.  There  is  no  tendency 
to  contraction  of  the  stomach  as  in  scirrhus,  but,  on  the  contrary,  the  organ  may  be 
considerably  enlarged. 

This  form  has  a  very  marked  tendency  to  extend  continuously  both  along  the 
stomach  and  also  through  the  stomach  to  the  peritoneum.  Hence  it  produces 
secondary  tumours  in  the  peritoneum  itself  much  more  readily  than  in  the  lym- 
phatic glands  and  liver. 

The  remaining  tumours  of  the  stomach  are  of  trivial  importance. 
We  have  already  seen  that  Mucous  polypi  and  Cysts  occur  in  chronic 
catarrh  (see  p.  958,  and  Fig.  156,  p.  320).  Lipomas  and  Myomas 
are  occasionally  met  with.  Fibromas  and  Sarcomas  also  occur,  but 
they  are  rare. 

Secondary  cancer  scarcely  ever  occurs  in  the  stomach.  There  may 
be  an  extension  from  the  lower  end  of  the  oesophagus  of  flat-celled 
epithelioma,  and  a  few  cases  of  metastasis  have  been  observed. 


VIII.-PARASITES  AND  ABNORMAL  CONTENTS  OF  THE  STOMACH. 

Almost  any  of  the  commoner  intestinal  parasites  may  occasionally 
be  found  in  the  stomach.  Among  the  more  important  of  the  vegetal^le 
parasites  are  the  Oidium  albicans  and  the  Sarcina  ventncuh.  The 
former  occasionally  is  seen  in  association  with  Thrush,  mvolvmg  the 
tongue  and  oesophagus.    The  latter  deserves  more  special  mentio... 


PARASITES  AND  ABNORMAL  CONTENTS  OF  THE  STOMACH.  971 


© 


Fig.  5S5. — From  vomited  matter,  showing(a) 
sarcinaj  veutriculi,  {b)  starch  granules,  and  (c) 
fungus  spores,    x  350. 


The  sarcina  is  a  micrococcus  which  in  dividing  shows  lines  of  fission  in 
three  directions  at  right  angles,  so  that  it  always  divides  into  fours. 
The  fours  often  remain  adherent,  so  that  we  may  have  groups  of  four, 
eight,  sixteen,  or  further  multiples  (see  Fig.  585).  There  are  several 
forms  of  sarcinjB  which  may  appear 
spontaneously  in  various  media, 
their  source  being  the  air,  and 
from  these  pure  cultivations  may 
be  obtained.  The  forms  are  distin- 
guished by  the  colour  of  the  cul- 
tures, as  white,  yellow,  orange,  etc. 
Sarcina  ventriculi  (Goodsir)  is  a 
form  found  in  the  stomach,  especially 
when  the  oi'gan  is  greatly  dilated 
and  processes  of  fermentation  are 
proceeding.  It  occurs  as  cubical 
packets  of  micrococci  which  fre- 
quently have  a  brownish  colour 
when  seen  under  the  microscope 
(see  Fig.  585).  When  cultivated 
on  nutrient  media  it  grows  in  light 
yellow  colonies.  It  has  no  special  significance  in  the  stomach,  where 
it  occurs  along  with  other  fermentative  bacteria. 

Sarcinse  have  also  been  observed  in  other  situations.  If  blood  be 
taken  fresh  from  the  vessels  into  a  capillary  tube  and  preserved  in  a 
Avater-bath  at  a  temperature  near  that  of  the  body,  then  in  almost 
every  case  sarcinte  will  develop  in  a  few  days  (Lostorfer  and  Ferrier). 
They  first  appear  as  globular  glancing  bodies  and  then  form  the  regular 
cubical  packets.  They  are  smaller  than  those  found  in  the  stomach, 
but  in  nutrient  media  they  grow  to  that  size.  Sarcinse  have  also  been 
found  in  gangrenous  cavities  in  the  lungs,  and  in  the  urine,  being 
probably  derived  from  the  blood. 

Foreign  bodies  of  various  kinds  are  frequently  swallowed  accidentally 
or  intentionally. 

Felted  masses  of  hair— Hair  balls— are  often  met  with  in  animals. 
They  occasionally  occur  in  insane  or  hysterical  subjects.  Concretions 
or  Gastroliths  are  of  very  rare  occurrence. 

Literature.— il/yo9)ta—ViRCHo\v,  Geschwiilste,  iii.,  126.  Sarcoma— \Nickhm,i 
Lego,  St.  Barth.  Hosp.  Kep.,  x.,  1874;  Haedy,  Gaz.  des  Hop.,  1878,  p.  25  ; 
ViRCHOw,  Geschwiilste,  ii.,  32.5;  Tilger  (with  literature),  Virch.  Arch.,  cxxxiii., 
1893;  FiNLAYSON,  (in  infant)  Brit.  Med.  Jour.,  ii.,  1899.  Cancer— Hokita^sky 
(Adenoma),  Lehrb.,  iii.,  1.55;  Hauser,  Magengeschwilr,  Bezieh.  zur  Entwick.  des 
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Carcinoms,  1883;  Mooue  (Cancer  in  child),  Path.  Trans.,  xxxvi.,  1885;  K6steb, 
Die  Entwick.  der  Carcinome;  Ebstein,  Volkmann's  Vortriige,  1875,  No.  75; 
GiiAwiTZ  (Metastasis  of  cancer,  and  literature),  Virch.  Arch.,  Ixxxvi.,  1881;  Cocp- 
LAND,  Path.  Trans.,  xxvii.,  1876,  p.  264;  Peuky  and  Shaw,  Guy's  Hosp.  Reports, 
xlviii.,  1891;  Fenwick  and  Fenwick,  Cancer  and  other  tumours  of  the  stomach, 
1902.  Foreign  bodies — Schopf,  Wien.  klin.  Wochenschr.,  1899  ;  Fenwick,  Brit. 
Med.  Jour.,  ii.,  1902. 

E. — The  Intestines. 

Introduction. — The  diseases  of  the  intestines  resemble  in  many 
respects  those  of  the  stomach,  bub  there  are  important  differences.  In 
structure  the  intestine  differs  from  the  stomach  in  several  respects. 
We  no  longer  have  the  specific  glands  peculiar  to  the  stomach,  but,  on 
the  other  hand,  the  intestine  presents  numerous  closed  lymphatic 
follicles  in  its  mucous  membrane,  which  are  only  present  to  a 
slight  extent  in  the  stomach.  The  lymphatic  follicles  are  soli- 
tary or  collected  into  groups,  in  the  latter  case  forming  the  well- 
known  Peyer's  patches. 

After  leaving  the  stomach  the  food  passes  rapidly  through  the  upper 
part  of  the  small  intestine,  occupying  on  an  average  two  and  a  half  to 
three  hours  in  doing  so,  and  it  is  at  the  same  time  rendered  alkaline 
and  partially  protected  from^  further  decomposition  by  the  pancreatic 
juice  and  the  bile.  The  movement  of  the  intestinal  contents  is  effected 
by  the  peristaltic  contraction  of  the  bowel,  and  the  rapid  passage  of  the 
contents  through  the  small  intestine  indicates  that  here  the  peristalsis 
is  peculiarly  active,  whereas,  in  the  large  intestine,  it  is  slow.  When 
the  fgeces  reach  the  large  intestine  they  are  still  fluid,  and  the  chief 
function  of  the  colon  seems  to  be  to  complete  the  absorption  of  the 
fluid,  and  allow  the  fjfices  to  become  thicker.  But  if  the  peristaltic 
action  of  the  large  intestine  be  increased,  then  there  will  be  no  time 
for  the  fseces  to  become  thick,  and  fluid  evacuations  will  be  the  result. 
This  will  be  still  more  the  case  should  the  movement  of  the  small 
intestine  be  increased,  and  the  contents  carried  through  it  even  more 
quickly  than  usual. 

It  will  be  seen  that  Diarrhoea  results  from  increased  peristaltic 
movement,  and  that  the  evacuations  will  be  more  fluid  the  higher  up 
the  increased  movement  begins.  Certain  medicinal  agents  produce 
fluid  motions,  and  these  seem  to  act  generally  by  increasing  the  peri- 
stalsis, although  some  appear  to  produce  their  eff"ects  by  diminishing 
absorption  or  causing  a  transudation  of  fluid  into  the  canal  (Hay). 
Irritating  articles  of  food  produce  a  like  increase  of  the  peristalsis  and 
consequent  diarrhoea,  and  so  may  ulcers  and  inflammations. 
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In  the  stools  in  diarrhoea  we  may  expect  to  find  chemical  constitu- 
ents which  normally  are  present  in  the  higher  parts  of  the  intestine,  but 
are  absorbed  before  reaching  the  rectum.  If  the  diarrhoea  arise  from 
increased  peristalsis  of  the  colon,  then  we  shall  find  material  which  is 
normal  in  the  cajcum,  such  as  undecomposed  bile,  leucin,  chloride  of 
sodium,  peptones,  and  sugar,  some  of  which  are  present  in  appreciable 
quantities  in  normal  fajces.  But  if  the  diarrhoea  has  involved  the  small 
intestine,  then  we  shall  find  these  constituents  much  more  abundantly, 
and  also  remains  of  undigested  food. 

We  have  already  seen  in  the  case  of  the  stomach  that  many  of  its 
diseases  are  connected  with  the  fact  that  the  food  stagnates  and  decom- 
poses in  that  viscus.  It  will  be  seen  from  what  has  gone  before  that 
the  intestinal  contents  stagnate  chiefly  in  the  Large  intestine,  and 
next  to  that  in  the  lower  part  of  the  small  intestine.  It  is  probably 
due  to  this  that  we  find  the  jejunum  peculiarly  free  from  all  forms  of 
disease ;  in  this  respect  contrasting  with  the  lower  part  of  the  small 
intestine — the  ileum — but  still  more  with  the  large  intestine.  Hence  it 
is  that  the  diseases  of  the  large  intestine  resemble  those  of  the  stomach 
much  more  than  do  those  of  the  small  intestine.  This  is  especially  true 
in  regard  to  simple  inflammations,  which  very  often  are  concentrated 
on  those  parts  where  the  intestinal  contents  most  readily  stagnate, 
namely,  the  cjecum  and  the  rectum.  It  is  true  also  of  cancer,  which  is 
very  rare  in  the  small  intestine  but  common  in  the  large,  especially  in 
the  csecum  and  rectum. 

It  is  to  be  remembered,  further,  that  the  intestine  is  a  comparatively 
narrow  tube,  and  is  subject  to  obstruction  in  various  ways. 

Post-mortem  changes. — These  are  not  so  important  as  those  of  the  stomach. 
After  death  the  blood  is  apt  to  gravitate  towards  the  more  dependent  fiarts  of  the 
wall  of  the  intestine,  and  the  colouring  matter  being  dissolved  out  and  staining  the 
mucous  membrane,  it  may  give  rise  to  a  deceptive  appearance  of  inflammation. 
Similarly  the  intestine  may  be  stained  with  the  biliary  colouring  matter  in  the 
neighbourhood  of  the  gall-bladder. 

Literature.— CoHNHEiM,  Allg.  Path.,  1882,  ii.,  132 ;  Nothnagel,  Phys.  u.  Path, 
des  Darmes,  1884  ;  Hay,  .Jour,  of  Anat.  and  Phys.,  xvii.,  1883 ;  Mabkwald,  Virch. 
Arch.,  Ixiv.,  505,  1875  ;  Hemmeter,  Diseases  of  the  Intestines,  2  vols.,  1902. 


I.— MALFORMATIONS  OF  THE  INTESTINE. 

Congenital  malformations  of  the  intestine  are  of  considerable  fre- 
quency. The  most  important  are  those  in  which,  from  a  fault  of 
development,  a  part  of  the  intestine  is  wanting.  These  may  be  part 
of  a  general  malformation,  as  in  the  case  of  the  Siren-malformation 
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(see  p.  58).  Of  the  more  local  malformations  the  most  important  are 
those  in  which  the  rectum  is  occluded.  These  cases  which  are  included 
under  the  name  Imperforate  Anus  (see  Fig.  12,  p.  56)  are  of  very 
various  degrees  of  completeness.  The  rectum  may  be  absent,  or  it 
may  be  obstructed  in  its  course  or  at  the  anus,  the  most  hopeful  cases 
from  the  surgical  point  of  view  being  those  in  which  only  the  extreme 
lower  part  of  the  rectum  is  defective,  and  the  gut  is  separated  from  the 
anus  only  by  a  membrane. 

There  occur  also  narrowness  and  defect  of  the  small  intestine, 
especially  in  the  duodenum  and  lower  end  of  the  ileum.  The  whole 
intestine  is  sometimes  deficient  in  length,  having  something  like  the 
form  of  the  letter  S  instead  of  the  usual  convolutions.    In  such  cases 


Fig.  -OHil. — Meckel's  divei-t.iculum. 

the  absorption  and  digestion  of  food  must  be  defective,  but  the  persons 
may  live  on  to  old  age. 

The  commonest  malformation  is  Meckel's  diverticulum.  This  con- 
sists in  a  finger-like  projection  from  the  intestine.  It  occurs  m  the 
ileum,  about  three  or  four  feet  above  the  ileo-csecal  valve  in  the  adult, 
and  about  a  foot  above  it  in  the  new-born ;  it  projects  usually  from 
the  free  convex  border  of  the  gut.  In  Fig.  586  the  diverticulum 
arises  near  the  mesenteric  border.  It  is  from  one  to  six  inches 
long,  possessing  the  same  structure  as  the  intestine,  and  communicat- 
ing with  the  latter ;  it  is  narrower  in  its  calibre,  being  of  a  diameter 
rather  more  than  that  of  the  finger.  This  diverticulum  arises  by  the 
imperfect  closure  of  the  omphalo-mesenteric  duct,  and  sometimes  it  is 
united  to  the  umbilicus  by  a  cord.  Very  rarely  is  the  diverticuhnn 
continued  to  the  umbilicus,  and  opens  there,  forming  an  Umbilical 
fistula. 
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Sometimes  the  diverticulum  becomes  closed  more  or  less  completely 
at  its  orifice  by  a  fold  of  mucous  membrane  or  otherwise.    In  that 


Fig.  OS". — Multiple  false  diverticula  of  the  suiiill  intestine.    Uried  iireiiaratioii. 


Fig.  :,88.— Large  false  diverticulum  of  the  duodenum.    The  couiinun  bile  duct  is 
seen  at  the  left  margin  of  the  pouch. 

case  the  accumulation  of  intestinal  secretion  in  it  may  give  rise  to 
the  formation  of  a  cyst,  the  Enterocystoma. 
Not  infrequently  the  free  end  of  a  Meckel's  diverticulum  becomes 
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adherent  to  some  neighbouring  structure.  The  bridge  or  band  so 
formed  may  be  the  cause  of  an  intestinal  obstruction. 

False  diverticula. — The  small  intestine  is  sometimes  the  seat  of 
numerous  rounded  pouches  of  various  sizes,  which  are  situated  on  the 
attached  aspect  of  the  intestine,  extending  partly  into  the  mesentery 
(see  Fig.  587).  They  are  mostly  composed  of  the  mucous  and  serous 
coats  alone,  as  if  the  muscularis  had  been  defective  towards  the  mesen- 
teric attachment,  so  as  to  allow  of  the  mucous  membrane  being  pushed 


Fig.  5S9.— Multiple  false  diverticula  of  the  large  intestine.    Viewed  from  within. 

outwards.  The  duodenum  is  frequently  the  seat  of  single  or  double 
pouches  (see  Fig.  588).  In  the  large  intestine  similar  pouches  may  be 
present  in  large  numbers  (see  Fig.  589). 

Literature.— Leichtensteen,  in  Ziemssen's  Encycl.,  vii.,  1887  ;  Orth,  Path. 
Anat.,  1887,  i.,  764;  Bodenhamee,  Congenital  malformations  of  the  rectum  and 
'  anus,  1860 ;  Feank,  Ueber  d.  angeborene  Verschliessung  des  Mastdarmes,  Wien, 
1892;  FiTZ  {Omphalo-mesenteric  remains,  cysts,  etc.),  Amer.  Jour,  of  Med.  Sc., 
July,  1884;  Both  (Enterocystoma),  Virch.  Arch.,  Ixxxvi.,  371,  1881;  Eunkel, 
Ueber  cystische  Dottergangsgeschwlilste,  Marburg,  1897 ;  Rimbach,  Zur  Casuistik 
d.  Enterokystome,  Giessen,  1897  ;  Edel  (Diverticula),  Virch.  Arch.,  cxxxviii.,  1894 ; 
Stjtheeland,  Trans.  Glas.  Path,  and  Clin.  Soc,  vi.,  1895-97. 

II.— EMBOLISM  AND  HEMORRHAGE. 

1.  Embolism  of  the  mesenteric  arteries.— Although  the  mesenteric 
arteries  are  not  end  arteries,  yet  embolism  of  the  larger  stems  some- 
times produces  haemorrhage  and  necrosis,  the  process  being  similar 
to  that  in  hsemorrhagic  infarction.  The  hajmorrhage  may  be  very 
considerable.  If  the  patient  survive,  the  slough  after  separation  leaves 
an  Ulcer  (the  Embolic  ulcer,  Parenski). 

Very  few  cases  of  this  kind  have  been  examined  post  mortem,  and  in  these 
it  has  been  the  superior  mesenteric  artery  which  has  been  plugged.    There  is. 
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however,  some  reason  to  believe  that  embolism  of  the  inferior  mesenteric  artery 
may  have  similar  results.  Both  of  these  vessels  have  anastomosing  communica- 
tions, but  they  are  insufficient  to  restore  the  circulation  in  the  central  parts  of 
the  area  to  which  the  vessels  are  distributed,  although  they  do  so  at  the  peri- 
phery. Hence,  the  infarction  is  less  in  extent  than  the  area  of  distribution.  The 
subject  has  been  very  fully  elucidated  by  the  experiments  of  Litten. 

2.  Haemorrhage. —Besides  the  rare  form  just  mentioned,  we  have 
haemorrhage  resulting  from  various  causes.  Ulcers  of  various  sorts 
lead  to  it,  especially  cancerous  and  typhoid.  Passive  hypersemia  is 
also  not  infrequently  a  cause,  especially  when  it  depends  on  obstruction 
of  the  portal  system  in  the  liver.  In  this  case  the  haemorrhage  is  more 
liable  to  be  from  the  large  intestine  than  the  small.  Intussusception 
and  hernia,  by  obstructing  the  vessels,  may  induce  haemorrhage  by  a 
local  passive  hyperaemia. 

Literature.— Litten,  Virch.  Arch.,  Ixiii.,  1875;  Moyes  (literature  fully),  Glasg. 
Med.  Jour.,  xiv.,  1880;  Gbawitz,  Virch.  Arch.,  ex.,  1887;  Parenski,  Wien.  Med. 
Jahrb.,  iii.,  1876;  Welch,  Allbutt's  Syst.  of  Med.,  vi.,  1899. 


III.— HERNIA  OR  RUPTURE. 

True  hernia  consists  in  a  protrusion  of  the  intestine,  omentum,  oi- 
other  abdominal  organ  into  a  sac  formed  by  a  prolongation  of  the 
peritoneum.  The  sac  may  project  externally,  or  it  may  be  contained 
within  the  abdomen,  and  so  we  may  distinguish  External  and  Internal 
hernias.  The  hernias,  especially  the  external  ones,  are  of  so  much 
importance  from  a  surgical  point  of  view  that  full  descriptions  are  given 
in  surgical  and  anatomical  text-books,  and  need  only  be  repeated  here 
in  outline. 

For  the  most  part  the  sac  is  an  entirely  abnormal  projection  of  the 
peritoneum.  An  exception  to  this  occurs  in  the  case  of  congenital 
inguinal  hernia,  in  which  the  sac  is  formed  by  the  persistence  of  a 
foetal  condition.  There  is  a  partial  exception  also  in  the  case  of  most 
mternal  hernias,  where  the  sac  usually  arises  by  the  exaggeration  of  an 
existing  normal  pouch. 

Causation  of  hernias.— Hernias  are  usually  ascribed  to  the  abdominal 
contents  being  subjected  to  undue  pressure.  In  severe  muscular  efforts 
such  as  are  mvolved  in  lifting  heavy  weights,  the  glottis  is  closed,  and 
the  muscles  of  expiration  fix  the  chest  and  abdomen,  the  contents  of  the 
abdomen  being  subjected  to  severe  pressure  by  the  contraction  of  the 
muscles  of  the  abdominal  wall.  If  there  is  any  part  of  the  wall  which 
IS  unduly  weak  a  bulging  outwards  may  occur  here,  and  so  give  the 
starting  point  for  the  hernial  protrusion. 

3q 
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In  this  connection  the  greater  frequency  of  hernia  on  the  right  side  maybe  noted. 
In  violent  exertions  the  right  arm  is  usually  more  used  than  the  left,  and  as  the  chest 
is  bent  over  to  the  left  side  to  counterbalance  the  strain  on  the  right,  the  lower 
surface  of  the  diaphragm  faces  more  to  the  right  and  presses  the  viscera  towards 
that  side.  It  is  clear  that  straining  at  stool  or  otherwise  will  also  increase  the 
pressure  on  the  abdominal  contents,  and  any  excess  will  predispose  to  hernia. 

The  protrusion  takes  place  where  there  is  any  Weakness  of  the 
abdominal  wall.  The  external  hernias  occur  at  specially  unsupported 
parts  of  the  wall,  while  the  internal  ones  have  usually  a  pouch  ready 
made  as  a  starting  point.  The  abdominal  wall  from  its  anatomical 
conformation  is  weak  at  certain  points  in  every  person,  but  there  may 
be  congenitally  a  special  weakness,  which  in  some  cases  seems  to  be 
hereditary.  On  the  other  hand,  when  the  abdominal  contents  are 
increased,  as  a  result  of  tumours,  fluid  accumulation,  or  pregnancy,  the 
stretched  wall  may  be  weakened.  It  may  be  so  also  from  direct  injury 
to  the  wall. 

Another  cause  is  sometimes  assigned  for  the  production  of  hernias, 
namely,  an  abnormal  elongation  of  the  mesentery.  It  is  supposed  that 
such  a  lesion  will  allow  the  intestine  to  impinge  unduly  against  the 
abdominal  wall,  especially  at  its  lower  parts. 

The  hernial  sac— The  viscera  nearly  always  push  the  peritoneum 
before  them,  and  the  proper  sac  is  formed  by  the  peritoneum,  which 
shows  a  remarkable  power  of  stretching.  But  there  are  cases  of 
protrusion  in  which  the  aperture  has  been  produced  by  actual  rupture 
of  the  peritoneum,  and  in  these  cases  the  hernia  may  be  devoid  of  a 
proper  sac.  These  cases,  however,  of  what  may  be  called  False  hernia, 
are  exceedingly  rare,  as  an  injury,  although  tearing  the  muscular  wall 
and  other  tissues,  generally  leaves  the  elastic  peritoneum  uninjured  and 
capable  of  protrusion. 

In  Congenital  hernias  the  sac  is  formed  of  peritoneum,  but  there  has 
been  no  actual  protrusion.  In  congenital  inguinal  hernia  the  sac  is 
formed  by  the  tunica  vaginalis,  the  connection  of  which  with  the 
peritoneum  has  remained  patent.  In  congenital  umbilical  hernia  the 
peritoneum  is  prolonged  into  the  umbilical  cord  (see  p.  55). 

The  hernial  sac  usually  acquires  adhesions  to  the  structures  among 
which  it  is  protruded,  and  it  does  so  by  a  chronic  inflammation.  It 
very  often  happens  also  that  the  contents  of  the  sac  become  adherent 
to  its  internal  surface  by  inflammation,  and  in  that  case  the  hernia  is 

irreducible.  ^      „  „  . 

Forms  of  hernia.-It  is  not  necessary  to  enter  fully  into  the 

individual  forms  of  hernia,  and  of  the  external  ones  little  more  than 
an  enumeration  will  sufiice. 
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The  external  hernias  are,  (1)  Inguinal  hernia  in  the  congenital 
and  acquired  forms,  or,  as  otherwise  divided,  direct  and  oblique ; 
(2)  Femoral  hernia.  These  two  are  by  far  the  commonest  forms.  Of 
comparatively  rare  occurrence  are,  (3)  Hernia  of  the  sciatic  notch ;  (4) 
Perineal  hernia,  protruded  between  the  fibres  of  the  levator  ani ;  (5) 
Vaginal  hernia ;  (6)  Hernia  of  the  foramen  ovale  ;  (7)  Umbilical  hernia, 
which  is  congenital  or  acquired,  in  the  former  case  arising  by  pro- 
trusion into  the  dilated  umbilical  cord ;  (8)  Abdominal  hernia  occurring 
in  various  parts  of  the  abdominal  wall,  chiefly  towards  the  edges  of 
muscles,  ahd  arising  by  tearing  of  tendons  or  muscular  fibres,  hence 
frequently  traumatic ;  its  commonest  situation  is  near  the  linea  alba ; 
(9)  An  interesting  form  of  hernia  is  that  in  which  the  testicle  having 
descended  imperfectly  the  protrusion  takes  place  into  the  sac  around 
the  misplaced  testis.  This  sac  will  occupy  at  first  the  position  of  the 
inguinal  canal,  but  it  is  liable  to  enlarge  so  that  there  may  be  a 
considerable  sac  in  the  substance  of  the  abdominal  wall. 

Internal  hernia  comes  less  frequently  into  sight,  and  the  possibility 
of  its  existence  is  apt  to  be  forgotten. 

1.  Diaphragmatic  hernia  is  perhaps  the  commonest.  There  is  a 
congenital  form  in  which  a  sac  is  protruded  through  one  of  the  normal 
apertures,  or  through  a  part  of  the  diaphragm  which  by  reason  of 
defective  development  has  given  way.  The  protrusion  is  into  the 
chest,  and  the  sac  may  contain  the  intestine,  spleen,  liver,  or  stomach. 
There  is  also  an  acquired  form,  due  nearly  always  to  some  injury  to  the 
diaphragm,  and  the  hernia  is  frequently  devoid  of  a  proper  peritoneal 


sac. 


From  a  case  recorded  by  Dr.  Adams,  it  appears  that  a  tumour  growing  against 
the  diaphragm  (in  his  case  from  the  capsule  of  the  spleen)  may  so  weaken  it  as  to 
lead  to  hernial  protrusion.  In  diaphragmatic  hernias  from  rupture,  a  large  portion 
of  the  abdominal  viscera  may  be  protruded. 

2.  Retroperitoneal  hernia  includes  cases  in  which  the  intestine 
passes  into  a  pre-existing  pouch  in  the  peritoneum,  greatly  enlarging 
and  filling  it.  The  hernial  ,sac  hence  lies  behind  the  peritoneum  of 
which  it  is  an  offset.  There  are  three  principal  pouches  in  the  peri- 
toneum which  are  capable  of  giving  rise  to  such  hernias. 

In  /o*5a  jejimo-duodenalis  is  the  most  important.  It  exists  just  where  the 
jejunum  arises  from  the  duodenum,  and  lies  between  the  last  part  of  the  duodenum 
which  bounds  it  on  the  right,  and  the  aorta,  which  bounds  it  on  the  left  The 
pouch  was  present,  according  to  Waldeyer,  in  about  70  per  cent,  of  the  bodies"  which 
he  has  examined,  and  is  generally  large  enough  to  admit  the  terminal  phalanx  of 
the  thumb.  It  IS  best  seen  when  the  jejunum  and  small  intestine  generally  are 
mised  and  earned  to  the  right,  so  that  the  origin  of  the  mesentery  may  be  e.xposed. 
The  httle  pouch,  ,f  present,  is  then  seen  lying  in  the  posterior  wall  of  the  abdomen 
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with  a  sharp  sickle-like  margin.  Sometimes  a  fold  of  the  jejunum  passes  into  this 
pouch,  constituting  a  hernia.  The  pouch  may  be  greatly  enlarged  by  the  pro- 
trusion of  further  portions  of  the  intestine  into  it,  and  cases  have  been  recorded  in 
which  the  entire  intestine  has  passed  into  the  greatly  distended  sac. 

The  fosm  mibcwcalifi  has  its  seat  between  the  folds  of  the  meso-colon  ascendens. 
Into  this  pouch  the  intestine  is  very  rarely  protruded,  and  the  pouch  itself  only 
occurred  in  about  30  per  cent,  of  the  bodies  examined  by  Waldeyer. 

The  fossa  interdgmoidea  is  a  pouch  in  the  raeso-colon  of  the  sigmoid  flexure 
lying  between  its  two  folds.  The  aperture  is  in  the  under  layer.  This  is  the 
commonest  of  these  pouches,  occurring  in  about  80  per  cent,  of  the  bodies,  but 
from  the  position  of  the  aperture  it  does  not  appear  ever  to  become  the  seat  of 
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Contents  of  hernias. — The  parts  protruded  are  usually  the  intestine, 
and,  for  the  most  part,  the  more  movable  small  intestine.  Sometimes 
also  the  great  omentum  is  carried  into  the  sac.  The  urinary  bladder, 
large  intestine,  or  any  part  of  the  contents  of  the  abdomen,  may,  under 
exceptional  circumstances,  pass  into  the  sac. 

As  the  contents  of  the  sac  are  unduly  exposed  to  pressure,  stretching, 
and  friction,  there  is  apt  to  be  a  Chronic  peritonitis  set  up  in  the  wall, 
especially  in  old  cases.  This  may  unite  the  loops  of  intestine  together. 
In  the  case  of  large  hernias  with  wide  necks  there  may  thus  be 
produced  complete  matting  of  the  intestine.  It  even  happens  that  if 
the  hernia  be  such  as  to  allow  successively  of  the  descent  of  any  part  of 
the  small  intestine,  the  whole  of  the  small  intestine  may  be  mutually 
adherent. 

If  the  intestine  be  long  retained  the  chronic  inflammation  may 
induce  adhesion  of  the  intestine  to  the  internal  wall  of  the  sac,  and  the 
hernia  becomes  Irreducible.  It  may  be  irreducible  from  othei-  causes, 
such  as  narrowness  of  the  neck,  protrusion  of  an  excessive  bulk  of 
viscera,  etc. 

The  mode  of  descent  of  the  Large  intestine  merits  special  notice.    The  sigmoid 
flexure,  being  freely  movable,  may  be  protruded  just  like  the  small  intestme,  and 
the  ctecum  or  transverse  colon  may  also  sometimes  pass  into  a  sac  m  a  similar 
fashion,  but  otherwise  the  large  intestine  having  no  mesentery  and  being  only 
part  ali;  covered  with  peritoneum  does  not  usually  descend.    When  it  does  i 
dL  en  is  in  some  respects  comparable  with  that  of  the  testis  in  the  f<.tus.    Befo  e 
is  des  ent  the  testis  lies  behind  the  peritoneum  and  is  only  partially  covered  by 
fs  it  descends  it  remains  with  only  a  partial  peritoneum  covering,  and  eveir  fn  the 
funica  vTXalis,  after  the  sac  has  separated  from  the  general  peritoneum,  the  test  s 
hes  behtd  with  its  posterior  aspect  free  of  peritoneum.    And  so  in  a  hernu^l  s  c 
he  cicum  may  be  carried  down,  but  in  its  new  position  it  remains  only  par t.allj 
rr:thTe— >  and  reallyforms,  as  it  were.  ^1^:^:1^^ 
This  will  only  occur  in  very  large  hermas  as  a  rule,  but  vvhen 

truded  l^l^t  t^^^  part  where  it  is  uncovered  by  peritoneum,  and  instead  of 
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pushing  a  peritoneal  sac  before  it,  it  may,  as  it  were,  drag  one  after  it.  As  the  gut 
is  protruded  it  may  even  get  more  and  more  stripped  of  peritoneum,  so  that  the 
hernia  may  be  much  more  extensive  than  the  sac.  This,  however,  is  a  very 
exceptional  occurrence,  and  it  is  more  common  to  find  that  as  an  ordinary  hernia 
advances  it  drags  the  colon  into  it,  so  that  besides  free  loops  of  small  intestine 
there  may  be,  fixed  in  the  wall  and  only  partly  covered  by  peritoneum,  a  piece  of 
the  cjBcum,  or  the  sigmoid  flexure,  or  even  the  fundus  of  the  bladder. 

In  a  similar  fashion  to  that  just  described,  the  ovary  may  be  protruded.  A  large 
majority  of  cases  of  Ovarian  hernia  are  congenital,  and  they  appear  to  arise  by 
a  fault  of  development  by  which  the  ovary  descends  as  the  testis  does  normally. 


Kg.  .OilO.— Obturator  hei  uui  .,f  tliu  right  ovary  and  Fallopian  tube.    (Dr.  Lickley's  case.) 

The  ovary  passes  through  the  inguinal  ring  and  takes  a  sac  with  it,  but  just  like 
the  testis  it  is  itself  attached  to  the  wall.  The  sac  remains  open  like  the  tunica 
vaginalis  in  a  congenital  inguinal  hernia.  The  ovary  in  that  case  will  be  irre- 
ducible, unless,  as  sometimes  happens,  the  broad  ligament  is  so  long  as  to  allow 
the  ovary  to  pass  back  through  the  neck.  In  this  case,  however,  the  ovary  will 
still  have  Its  fixed  attachment  in  the  sac.  Apart  from  this  congenital  inguinal 
orm,  ovarian  hernias  may  be  acquired,  and  these  "may  be  either  inguinal  or 
femoral  Several  cases  of  obturator  hernia  of  the  ovary  are  on  record.  (See 
-fig.  590).  ^ 

Strangulation  and  Incarceration. -These  terms  express  a  condition 
m  which  the  contents  of  the  sac  are  caught  tightly  at  the  neck,  so  that 
there  IS  not  only  a  hindrance  to  their  return  but  an  excessive  pressure 
interfering  with  the  circulation. 
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This  mostly  occurs  when,  on  account  of  some  peculiarity  in  tlie 
situation  of  the  intestine  as  it  issues  from  the  sac,  there  is,  to  begin 
with,  a  partial  obstruction.  If  the  intestine  at  its  entrance  into  the  sac 
be  free,  while  at  its  exit  it  makes  a  sudden  bend  so  as  to  cause  a 
partial  obstruction,  then  the  faeces  will  pass  readily  in,  but  will 
accumulate  inside  as  they  do  not  find  free  exit.  The  mere  loading 
with  ffeces  may  cause  irreducibility,  and  if  the  fseces  decompose  the 
development  of  gas  may  still  further  increase  the  bulk  of  the  contents. 
In  this  way  the  sac  will  become  too  full,  and  as  the  neck  is  narrow 
there  will  be  special  constriction  here.  Again,  the  intestine  alread}- 
in  the  sac,  by  its  peristaltic  movement,  may  drag  more  and  more  of 
the  gut  after  it,  till  the  intestine  may  become  impacted  at  the  neck. 

In  any  case  the  neck  of  the  sac  constricts  the  portion  of  intestine 
concerned,  and  the  most  direct  effect  is  Obstruction  of  its  veins. 
This  itself,  by  producing  hyperajmia,  and,  it  may  be,  redema  of  the 
mucous  membrane,  leads  to  swelling  and  further  constriction.  The 
whole  protruded  piece  becomes  of  a  dark  colour  from  venous  engorge- 
ment and  hfemorrhage.  Finally  the  pressure  may  be  enough  to  close 
even  the  arteries. 

The  venous  obstruction  alone  seems  sufficient,  if  complete,  to  cause 
necrosis  of  the  intestine,  and  so  Gangrene  is  an  occasional  result.  If 
the  arteries  are  also  obstructed  there  is  still  greater  probability  of  the 
occurrence  of  gangrene. 

Sometimes  the  obstruction  is  relieved  before  gangrene  has  occurred,  and  yet 
in  some  of  these  cases  a  severe  inflammation  results  after  the  intestine  has  been 
returned  to  the  abdomen,  leading,  it  may  be,  ultimately  to  gangrene  of  the 
affected  piece  of  gut.  The  probable  explanation  of  this  is  that,  durmg  the 
incarceration,  the  blood-vessels  have  been  so  damaged  that,  on  the  restoration 
of  the  circulation,  they  are  unable  to  recover.  It  has  been  shown  by 
experiment  (in  the  ear  of  the  rabbit)  that  if,  by  closing  the  main  arteries, 
the  vessels  of  the  part  are  deprived  of  blood  for  a  time,  and  then  the  circulation 
restored  by  loosing  the  ligature,  the  result  is  active  hyper^emia,  acute  inflam- 
mation, or  hEBmorrhagic  infarction,  according  to  the  time  during  which  the 
ligature  has  acted.  So  in  the  case  before  us,  the  release  of  the  cons  notion  by 
allowing  of  the  re-establishment  of  the  circulation  in  vessels  seriously  affected, 
may  lead  to  inflammation  or  gangrene. 

Literature.-For  external  hernias  see  surgical  and  anatomical  works.    Wood  in 
Ashu  lt  s  Encycl.  of  Surg.,  1885,  v.;  Bowbxtch,  Diaphragmatic  hernia    1853  ; 

K  Path  Ti-ans.,  1878,  xxix.  ;  BM<Kn(Pericardial  diaphragmatic  ibid.,  1877, 
tvU  Lam  Glas.  Med.  Jour.,  1880,  xiv.,  p.  353;  W^u^peve.,  Virch.  Arch., 
r  ;  65  1874'  BALKonK,  Edin.  Med.  Jour.,  1869;  Eve,  Lancet,  1885 ;  E.o.xsch 
O'va^rian  herlfa),  Strieker's  Med.  JahrbUcher,  p^  3.5  1871 ;  A™  (H-a  'nflam^^ 
mata),  ibid.,  239,  ;  Fuepet  (obturator),  Eev.  d.  Chirurg.e,  1901.  Lickle^,  Glas. 
Med.  Journal,  March,  1902. 
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IV. -TWISTING  OF  THE  INTESTINE.  VOLVULUS. 

This  is  a  condition  of  frequent  occurrence,  but  one  which  is  perhaps 
too  little  borne  in  mind  as  a  cause  of  obstruction.  It  occurs  m  the 
great  majority  of  cases  at  the  Sigmoid  flexure  of  the  colon.  The 
descending  colon  above  the  flexure,  and  the  rectum  below  it,  have 
virtually  no  mesentery,  being  fixed  to  the  abdominal  wall.  The 
flexure  therefore  is  fixed  at  its  two  extremities  and  these  are  near  one 
another,  while  the  loop  forming  the  flexure  is  movable.  It  is  as  if  the 
loop  were  attached  by  its  two  ends  to  a  fixed 
point,  and  it  is  easy  to  understand  how  it  should 
sometimes  twist  round  this  as  an  axis.  The 
twist  is,  as  it  were,  in  two  half  turns  (see 
Fig.  591),  and  it  is  usually  the  upper  limb  of  the 
loop  which  turns  round  the  lower  at  its  neck. 

The  twisting  causes  some  obstruction  of  the 
intestine,  but  this  is  not  usually  complete. 
Fseces  still  pass  into  the  flexure,  and  may 
accumulate  in  enormous  quantity.  This  partial 
obstruction  with  accumulation  of  fseces  may 
persist  for  months  and  lead  to  extreme  dilatation 
of  the  flexure,  so  that  it  may  fill  the  abdomen 
and  reach  up  to  the  diaphragm.  The  walls 
of  the  intestine  in  these  prolonged  cases  may  be  greatly  thickened, 
especially  the  muscular  coat.  In  some  cases  twisting  may  exist 
without  any  obstruction  of  consequence. 

Whilst  twisting  is  most  common  in  the  sigmoid  flexure,  it  is  liable  to  occur  also 
when  other  parts  of  the  intestine  assume  similar  relations,  that  is  to  say,  when  a 
free  loop  of  small  intestine  becomes  fixed  at  its  extremities,  and  these  extremities 
are  near  each  other.  This  happens  most  frequently  when  one  extremity  is 
normally  fixed,  as  is  the  case  at  the  upper  and  lower  ends  of  the  small  intestine 
where  on  the  one  hand  the  duodenum,  and  on  the  other  the  colon,  is  fixed  to  the 
abdominal  wall  and  holds  the  intestine  down.  If,  by  inflammation  or  otherwise, 
an  abnormal  adhesion  is  acquired  so  that  the  gut  is  fixed  at  a  point  near  the 
situation  of  the  natural  fixation,  then  twisting  is  apt  to  occur,  and  probably  more 
readily  here  than  in  the  sigmoid  flexure,  as  the  small  intestine  is  naturally  more 
mobile. 

The  author  has  recorded  a  case  in  which  peritonitis  had  fixed  the  small 
intestine  about  a  foot  above  the  ileo-C£ecal  valve,  so  as  to  bring  about  the  conditions 
named,  and  twisting  occurred  in  consequence.  A  fixation  may  also  be  brought 
about  by  a  Meckel's  diverticulum  which  has  retained  its  connection  with  the 
umbilicus  (Coupland's  ease). 

Literature. —Coats,  Glasg.  Med.  Jour.,  xiii.,  1880,  p.  445;  Coupland,  Path. 
Trans.,  xxxi.,  1880,  p.  144;  Eeimebs,  Volvulus  d.  Flexura  sigmoidea,  Inaug.  Diss., 
Greifswald,  1896. 


Fig.  5!)1.— Twi.stingof  the 
aigmoid  flexure.  The  uppei- 
hmb  has  a  much  sharper 
turn  than  the  lower.  A 
flexible  tube  could  be  passed 
up  from  the  rectum. 
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v.— INTUSSUSCEPTION  AND  PROLAPSE  OF  THE  INTESTINE. 

1.  Intussusception  or  Invagination. — In  this  condition  one  portion 
of  the  intestine  passes  into  another.  In  order  that  one  piece  may  slip 
inside  another,  the  one  must  present  active  peristaltic  contractions, 
while  the  other  is  relaxed.  The  portion  narrowed  by  the  violent 
peristalsis  passes  inside  of  the  relaxed  part.  This  usually  occurs  in  the 
natural  direction  of  the  peristalsis,  but  it  may  be  reversed. 

The  condition  is  most  frequent  in  children  in  whom  the  peristalsis  is 
very  active,  and  in  whom  also  the  large  intestine  is  more  freely 
movable  than  in  adults. 


Fiir.  692.— lutnssusceptioii.  The  colon  is  laid  open  and  several  coils  of  ileum  are 
shown,  which  have  protruded  through  the  ileo-csecal  valve.  One  of  the  coils  was 
gangrenous. 

These  conditions  are  most  frequently  satisfied  at  the  junction  of  the 
small  and  large  intestines.  The  large  intestine  is  naturally  wide,  and 
its  peristaltic  movements  are  sluggish.  If  then  the  ileum  at  its  last 
part  presents  peculiarly  violent  peristaltic  contractions  it  may  pass  into 
the  large  intestine  as  in  Fig.  592.  The  invagination,  however,  is  not 
usually  a  simple  inversion  of  the  ileum  into  the  colon  ;  in  most  cases 
the  ileo-CJBcal  valve  is  carried  before  the  advancing  ileum  and  forms 
the  apex  of  the  intruded  piece.  This  implies  that  the  c^cum  itself  is 
carried  inwards  and  inverted,  and  the  orifice  of  the  vermiform  appendix 
is  sometimes  to  be  found  near  the  apex  of  the  invagination  The 
invagination  is  not  infrequently  extreme,  and  the  invaginated  part 
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may  be  carried  right  on  to  the  rectum,  so  that  the  apex  may  be  felt 
per  anum. 

Besides  this  form  we  also  meet  with  invagination  of  the  large 
intestine  itself,  one  part  into  a  succeeding  part.  It  occurs  but  rarely 
in  the  small  intestine.    (See  Fig.  59.3.) 

In  the  bodies  of  children,  especially  those  who  have  died  from  cerebral  or 
intestinal  affections,  we  frequently  meet  with  a  form  of  invagination  which  has 
produced  no  symptoms  during  life,  and  has  really  occurred  just  at  the  time  of 


Fig.  5i»3.— Large  iutussiisceptioii  of  the  small  intestine. 

<leath.  It  is  usually  present  in  the  small  intestine,  where  a  small  inversion  of 
one  part  into  a  succeeding  one  is  found.  The  invagination  is  easily  reduced  by 
slight  dragging,  and  there  are  none  of  the  secondary  changes  visible,  such  as  are  to 
be  mentioned  immediately  as  following  invagination.  Just  at  death,  or  immediately 
after  it  (as  may  be  frequently  seen  in  animals),  the  intestine  commonly  shows 
violent  peristaltic  movements,  but  these  are  irregular,  and  it  readily  happens  that 
a  much  contracted  part  passes  inside  a  relaxed  portion. 

When  a  piece  of  intestine  is  invaginated,  there  are  three  tubes,  the 
outside  one  in  its  natural  position,  forming  the  sheath,  the  internal 
one,  which,  although  abnormal  in  position,  runs  in  the  usual  direction, 
<ind  the  middle  one  joining  the  other  two,  with  its  mucous  surface 
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directed  outwards.  There  is  frequently  a  more  complicated  condition 
than  this,  the  intestine  being  tightly  packed  in  several  layers.  The 
mesentery  is  carried  in  with  the  intestine,  and  by  being  dragged  on  at 
one  side,  it  may  give  the  gut  a  somewhat  oblique  direction.  In  the 
process  of  invagination  the  peritoneal  surfaces  are  applied  against  each 
other  as  are  also  the  mucous.  It  is  characteristic  of  the  peculiarities  of 
these  two  structures  that  the  peritoneal  surfaces  very  readily  coalesce 
and  become  permanently  adherent,  while  the  mucous  surfaces  do  not. 

The  packing  of  intestine  causes  considerable  interference  with  the 
circulation,  and  this  is  increased  by  the  mesentery  being  partly 
included  and  its  vessels  pressed  on.    The  obstruction  to  the  calibre  of 
the  intestine  is  thus  associated  with  hypersemia,  oedema,  hasmorrhage, 
inflammation,  and  even  gangrene,  just  as  in  an  incarcerated  hernia. 
The  inflammation  may  lead  to  general  peritonitis  ;  or  the  separation  of 
a  gangrenous  part  may  allow  of  the  escape  of  the  intestinal  contents 
and  lead  to  a  fatal  peritonitis.    On  the  other  hand,  permanent  adhesion 
may  occur,  between  the  sheath  and  the  upper  end  of  the  included  part, 
at  the  proximal  extremity  of  the  invagination,  and,  the  inner  and 
middle  tubes  becoming  gangrenous,  they  may  come  away  in  whole  or 
in  part,  as  a  slough,  and  the  continuity  of  the  intestine  be  restored 
with  the  loss  of  a  piece.    It  is  not  usual  for  complete  gangrene  of  the 
included  tubes  to  occur,  but  what  remains  becomes  adherent  to  the 
sheath,  and,  by  contraction,  gradually  accommodates  itself,  and  so 
the  calibre  is  fully  restored. 

2.  Prolapse  of  the  intestine.— This  condition  is  the  protrusion  of 
the  intestine  outside  the  body  through  the  anus  or  through  an  artificial 
anus.  The  commonest  form  is  the  ordinary  Prolapsus  ani.  This  only 
occurs  when  the  sphincter  is  greatly  relaxed  by  catarrh  or  by  violent 
pressing  at  stool,  but  when  it  has  frequently  happened  the  sphmcter 
atrophies  and  the  prolapse  occurs  very  readily. 

There  are,  strictly  speaking,  two  forms  of  prolapsus  ani.  In  the  one 
little  more  than  the  mucous  membrane  is  protruded,  and  is  seen  to  be 
continuous  mth  the  skin  at  the  anus.  In  the  other  form  there  is 
really  an  invagination  as  well  as  a  protrusion.  The  lower  part  of  t^e 
rectum  is  so  fixed  that  the  whole  wall  cannot  be  protruded,  but  only 
its  mucous  membrane  as  in  the  form  just  considered.  But  the  upper, 
more  movable  part  may  be  invaginated  into  the  lower  part  and  then 
protruded.  This  mostly  occurs  as  a  consequence  of  violent  peristaltic 
contraction  of  the  rectum  in  cases  of  severe  diarrhcBa  with  tenesmus. 

In  both  forms  the  exposed  mucous  membrane  becomes  inflamed  and 
is  liable  to  bleeding.  The  inflammation  sometimes  causes  through 
time  adhesion  and  fixation  of  the  bowel  in  its  abnormal  position. 


CATAKRH  OF  INTESTINE. 


987 


VI. -INFLAMMATION  IN  AND  AROUND  THE  INTESTINE. 

ENTERITIS. 

We  have  already  seen  that  the  mucous  membrane  is  frequently 
irritated  by  the  contents  being  of  an  obnoxious  nature  by  reason  of 
decomposition  or  otherwise.  In  addition  to  this,  inflammation  may 
be  produced  by  the  action  of  specific  morbid  poisons,  chiefly  those  of 
dysentery,  typhoid  fever,  and  cholera.  We  have  therefore  in  the  first 
place  to  consider  the  simple  and  afterwards  the  other  inflammations. 

1.  Catarrh. — Catarrhal  inflammations  of  the  intestine  are  very 
common  in  children  and  can  usually  be  traced  to  the  character  of 
the  ingesta,  perhaps  along  with  exposure  to  cold.  The  common 
autumn  diarrhoea,  which  is  so  fatal  to  children,  is  generally  due  to  im- 
proper food.  Cold,  by  interfering  with  digestion  and  peristaltic  action, 
may  induce  the  intestinal  contents  to  stagnate  and  decompose.  The 
influence  of  the  intestinal  contents  in  producing  catarrhs  is  shown 
by  the  localities  at  which  inflammations  are  most  common.  The  large 
intestine  is  much  more  frequently  aff'ected  than  the  small,  and  in  the 
large  intestine  the  caecum,  with  the  vermiform  appendix,  is  the  most 
frequent  seat,  next  to  that  the  rectum. 

The  catarrh  may  be  Acute  or  Chronic.  It  is  characterized  by 
hypersemia  and  swelling  of  the  mucous  membrane,  with  exudation 
of  serous  fluid  and  leucocytes.  There  is  also  increased  secretion  of 
mucus,  which  in  the  case  of  the  colon  may  be  very  excessive.  The 
exudation  is  usually  Mucous  in  character,  but  in  the  more  acute 
inflammations  it  may  assume  more  or  less  of  a  Purulent  character. 
If  this  be  the  case  the  mucous  membrane  is  .liable  to  be  infiltrated 
wath  inflammatory  cells,  and  after  a  time  to  undergo  Ulceration. 
This  occurs  with  peculiar  frequency  in  the  caecum,  and  next  to  it  in 
the  rectum. 

Catarrhal  ulcers  are  usually  of  considerable  area  and  are  compara- 
tively superficial.  Neighbouring  ulcers  may  coalesce  so  as  to  produce 
extensive,  variously  shaped  losses  of  substance,  in  the  midst  of  which 
the  remaining  mucous  membrane  appears  as  raised  patches  with 
irregular  outline.  Sometimes  the  floor  of  the  ulcer  is  so  smooth,  and 
the  remaining  mucous  membrane  so  irregular  from  inflammatory  infil- 
tration, that  it  looks  as  if  the  ulcer  were  the  normal  mucous  membrane 
and  the  patches  of  persisting  mucous  membrane  adventitious.  The 
ulcers  of  ordinary  catarrh  are  superficial,  and  unless  exposed  to  con- 
tinued irritation,  as  by  the  prolonged  presence  of  hard  fsBces,  they  do 
not  tend  to  perforation,  and  readily  heal  when  the  cause  of  catarrh  is 
.  removed. 
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In  the  course  of  catarrhs,  ulcers  also  arise  from  the  Closed  follicles. 
There  are  indeed  some  catarrhs  in  which  the  latter  are  mainly  affected, 
appearing  as  rounded  prominences  and  flat  elevations,  corresponding  to 
the  solitary  follicles  and  Peyer's  patches.  This  form  is  called  Folli- 
cular enteritis.  The  follicles  may  be  so  infiltrated  with  inflammatory 
products  as  to  form  virtually  small  abscesses,  resulting  in  crater-shaped 
ulcers  which  may  afterwards  enlarge.  In  this  way  arise  the  so-called 
Follicular  ulcers. 

A  frequent  result  of  catarrh  is  Atrophy.  This  occurs  as  part  of  the 
induration  of  the  mucous  membrane  which  follows  chronic  inflam- 
mation. The  atrophy  affects  first  the  mucous  membrane,  its  glands 
being  specially  involved,  but  it  may  extend  to  the  submucosa  and  even 
to  the  muscular  coat.  According  to  Nothnagel,  atrophy  is  of  very 
frequent  occurrence. 

Another  result  is  Hypertrophy  of  the  mucous  membrane  such  as 
we  find  so  frequently  in  the  case  of  the  stomach.  Here  also  there  may 
be  Mucous  polypi  and  Cysts  as  in  the  stomach.  They  are  most 
frequent  in  the  large  intestine,  and  if  seated  in  the  rectum  they  may 
project  through  the  anus. 

A  condition  of  not  infrequent  occurrence  is  Enteritis  membranacea.  In  this 
disease  considerable  pieces  of  membrane  are  passed  at  stool,  sometimes  in  hollow 
cylinders  as  if  casts  of  the  intestine.  These  are  composed  of  mucus,  with 
epithelium  entangled  in  them.  They  are  generally  regarded  as  the  result  of 
chronic  catarrh  of  the  large  intestine,  but  Nothnagel  asserts  that  inflammation 
is  not  necessary,  and  that  it  may  be  the  result  merely  of  defective  peristaltic 
action  allowing  of  accumulation  of  mucus  in  the  folds  of  the  large  intestine. 
Hence  Nothnagel  suggests  the  name  Coliea  mucosa. 

Psilosis  or  Sprue  is  a  remitting  chronic  catarrhal  inflammation  of  the  alimentary 
tract,  the  nature  and  causation  of  which  are  still  obscure.  The  disease  occurs  in 
tropical  and  subtropical  climates  and  chiefly  affects  European  residents.  Diarrhcea 
is  usually  a  marked  symptom  with  anaamia  and  wasting.  The  mucous  membrane 
of  the  mouth  and  tongue  is  often  inflamed  and  eroded,  and  in  the  early  stages  pre- 
sumably the  lower  parts  of  the  alimentary  tract  are  similarly  affected.  In  the  late 
stages  marked  atrophy  occurs,  the  intestines  being  often  specially  affected. 

2.  Phlegmonous  and  Diphtheritic  inflammations.— Some  cases  of 
catarrh  have  a  more  acute  character,  and  assume  the  characters^  ot 
suppurative  or  phlegmonous  inflammation,  the  conditions  approximating 
to  those  in  severe  dysentery  (see  further  on).  Such  conditions  are 
due  to  peculiar  virulence  in  the  intestinal  contents,  and  may  be  brought 
about  by  irritant  poisons.  There  may  also  be  an  acute  inflammation 
in  diphtheria.  The  relation  of  these  conditions  to  the  intestnial 
contents  is  shown  by  the  fact  that  they  occur  chiefly  in  the  large 
intestine  and  in  the  parts  where  the  contents  are  especially  prone  to 
lie,  namely,  the  caecum,  the  flexures  and  the  rectum. 
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3.  Localized  inflammations.— It  has  already  been  indicated  that 
certain  localities  are  more  liable  to  inflammation  than  others,  and  as  the 
inflammations  of  certain  of  these  regions  present  special  points  of 
importance  they  have  received  special  names. 

Duodenitis  is  usually  an  extension  of  a  catarrh  of  the  stomach,  and 
it  would  not  warrant  any  special  reference  except  from  the  fact  that 
the  Common  bile  duct  often  takes  part  in  the  catarrh,  and  we  have 
obstruction  and  Icterus  sometimes  resulting  from  this  simple  cause. 

Typhlitis  and  Perityphlitis  designate  conditions  which  require  very 
special  notice.  These  two  terms  mean  respectively  inflammation  in 
and  around  the  caecum,  but  they  are  frequently  used  so  as  to  include 
inflammations  in  connection  with  the  vermiform  appendix. 

In  some  cases  the  caecum  is  very  seriously  inflamed  and  ulcerated,, 
especially  when  large  masses  of  hard  faeces  lodge  in  it.  Under  these 
circumstances  the  ulcers  may  increase  in  depth,  and  extend,  in  the 
posterior  part  of  the  wall  where  the  gut  is  not  covered  by  peritoneum, 
through  the  entire  thickness  of  the  intestine  so  as  to  penetrate  into  the 
retro-peritoneal  connective  tissue.  The  result  is  acute  inflammation  in 
this  region,  often  going  on  to  the  formation  of  Abscess,  a  condition 
designated  Perityphlitis. 

Inflammations  in  connection  with  the  Vermiform  appendix. 
Appendicitis. — Acute  inflammations  in  this  region  much  more  frequently 
arise  in  connection  with  the  appendix  than  with  the  caecum.  Inflam- 
mations are  frequently  caused  by  the  presence  of  Foreign  bodies  in  the 
appendix.  Any  hard  substance  lying  in  the  caecum  may,  if  small 
enough,  pass  into  the  vermiform  appendix.  In  this  way  apple,  grape, 
cherry,  or  orange  seeds  are  said  to  get  into  it.  But  much  more  fre- 
quently pieces  of  hardened  faeces  are  met  with,  and  as  these  become  dry 
and  frequently  assume  the  shape  and  appearance  of  cherry  or  orange 
stones,  they  are  frequently  mistaken  for  them.  This  occurs  all  the 
more  because  the  inspissated  faeces  are  often  coated  with  phosphates 
which  form  a  kind  of  rind. 

The  presence  of  the  foreign  body  causes  inflammation  of  the  mucous 
membrane,  and  this,  from  the  continued  pressure  and  confined  space, 
readily  results  in  ulceration.  To  these  conditions  the  term  Appendicitis, 
is  properly  given,  but  it  is  often  extended  to  the  resulting  lesions,  which 
are  much  more  important  than  those  of  the  appendix  itself.  The 
ulcers  frequently  penetrate  through  the  appendix  and  lead  to 
peritonitis.  As  a  general  rule  the  appendix  has  acquired  adhesions, 
before  actual  perforation  occurs,  and  so  the,  peritonitis  is  limited  by  the 
adhesions.  But  the  inflammation  is  apt  to  return,  and  not  infrequently 
results  in  the  formation  of  recurring  abscesses.    The  bursting  of  one 
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of  these  into  the  cavity  of  the  peritoneum  often  leads  to  Fatal 
peritonitis.  Sometimes  the  suppuration  in  connection  with  the  vermi- 
form appendix  is  in  the  Subperitoneal  tissue.  An  abscess  so  produced 
may  extend  long  distances  beneath  the  peritoneum.  The  result  is  not 
infrequently  a  chronic  peritonitis  with  considerable  matting  around. 

The  author  met  with  a  case  in  which  an  abscess  connected  with  the  vermiform 
appendix  extended  across  the  brim  of  the  pelvis  to  the  left  side  of  the  abdomen, 
and  thence  upwards  beneath  the  peritoneum  till  it  reached  the  diaphragm.  It 
then  penetrated  the  diaphragm  and  discharged  itself  into  the  pleural  cavity. 

Proctitis  and  Periproctitis  are  inflammations  in  the  rectum  and 
around  it,  of  an  equivalent  character  to  those  in  and  around  the 
■caecum.  If  the  ulceration  leads  to  perforation  and  the  formation  of 
abscess,  then  the  disease  may  have  a  very  chronic  course  with  fistulte 
discharging  into  the  rectum.  Sometimes  these  open  externally,  or  into 
the  vagina,  and  they  may  retain  their  communication  with  the  rectum, 
so  forming  false  passages  for  the  faeces  and  flatus;  or  the  internal 
aperture  may  close,  leaving  merely  an  external  fistula. 

Literature.— Catorr/i—NoTHNAGEL,  Phys.  u.  Path,  des  Darmes,  1884;  GooniLiBT 
(Casts  from  intestine),  Path.  Trans.,  1872,  xxiii.,  98  ;  Woodwaed,  Med.  and  surg. 
hist,  of  war  of  rebellion.  Part  2,  vol.  i.,  1879;  Baur  (Perityphlitis),  Ziemssen's 
Encycl.,  viii.,  1878  ;  Steiner,  Path.  Anat.  des  Wurmfortsatzes,  1882  ;  Corkil,  Arch, 
de  Phys.,  iii.,  1873;  Coats,  Brit.  Med.  Jour.,  1875,  i. ;  Barker,  ibid.,  1893,  i.,  993; 
Kblynack,  Path,  of  the  Vermif.  Append.,  1893;  Hawkins,  Diseases  of  the  Vermif. 
Append.,  1895;  Treves,  Allbutt's  syst.  of  med.,  iii.,  1897;  Lockwood,  Appendi- 
citis, 1901.  .Spj-jie— Hillary,  Observations  on  diseases  of  Barbados,  1756  ;  Payeer, 
Tropical  diseases,  1881;  Thin,  Practitioner,  Sept.,  1883;  Manson,  Allbutt's  syst. 
of  Med.,  iii.,  1897,  and  Tropical  diseases,  2nd  edition. 

VII. -SPECIFIC  INFLAMMATIONS  OF  THE  INTESTINE. 

1.  Dysentery.— In  this  disease  we  have  a  violent  inflammation 
determined  by  the  presence  of  an  intense  irritant.  The  disease  occurs 
in  a  sporadic  and"  an  endemic  form.  As  already  mentioned,  the 
infective  agent,  in  one  form,  is  believed  to  be  an  animal  parasite,  the 
amoeba  coli  (see  page  411). 

The  virus  is  introduced  chiefly  by  the  drinking  water,  and  it  acts 
on  the  mucous  membrane  directly.  The  locality  of  the  lesion  is 
apparently  determined  by  the  stagnation  of  the  contents.  It  is  essen- 
tially a  disease  of  the  large  intestine,  and  is  generally  most  intense  in 
the  rectum  It  usually  decreases  in  intensity  from  the  rectum 
upwards,  but  not  uniformly,  there  being  more  aff-ected  and  less  aftected 
parts,  the  former  corresponding  usually  with  the  flexures.  In  severe 
•cases  the  whole  colon  is  affected,  and  sometimes  even  the  lower  part  of 
the  ileum. 


DYSENTERY. 


991 


In  the  earlier  stages  the  mucous  membrane  is  swollen  by  serous 
exudation.  It  is  soft  and  thrown  into  folds,  the  summits  of  which 
are  peculiarly  hyperajmic.  The  surface  is  covered  by  a  mucous 
or  grumous  material,  consisting  of  shed  epithelium  with  mucus 
and  inflammatory  exudation.  The  mucous  membrane  and  submucous 
tissue  are  infiltrated  with  serous  fluid  and  leucocytes  in  great 
abundance. 

In  higher  degrees  the  mucous  membrane  is  still  more  thickened  and 
thrown  into  still  more  prominent  folds.  There  is  also  considerable 
hemorrhage  in  its  substance  occasionally.  The  summits  of  the  folds 
being  specially  exposed  to  mechanical  irritation  commonly  undergo 
Necrosis,  and  the  sloughs  are  generally  distinguishable  by  the  Brown 
colour  which  they  assume  from  becoming  stained  with  the  bile  pigment. 
The  necrosis  involves  the  mucous  membrane  to  varying  depths,  some- 
times very  superficially,  sometimes  through  its  whole  thickness,  and,  if 
the  slough  surrounds  the  gut,  we  may  have  a  ring  of  necrosed  tissue 
ultimately  discharged  by  the  anus. 

These  sloughs  leave  Ulcers  behind,  whose  walls  present  great 
infiltration  of  leucocytes.  But  ulcers  form  also  by  processes  similar  to 
those  in  catarrh,  namely,  by  inflammatory  infiltration  and  molecular 
desti'uction  of  the  mucous  membrane,  and  by  suppuration  of  and 
around  the  closed  follicles. 

In  some  cases  the  solitary  follicles  seem  to  be  specially  involved,  and  some 
authors  even  distinguish  a  follicular  form  of  dysentery,  but  the  follicles  are 
probably  affected  in  the  early  stages  of  almost  all  cases,  and  partake  in  the  general 
inflammation.  By  suppuration  of  the  follicles  there  may  be  the  formation  of 
numerous  ulcers  with  small  apertures. 

The  contents  of  the  intestine  are  in  severe  cases  formed  of  dark 
decomposing  material,  mixed  with  blood.  The  mesenteric  lands  are 
always  secondarily  affected,  being  enlarged  and  hypera^mic. 

If  the  patient  survive  the  acute  attack,  the  disease  very  commonly 
passes  into  Chronic  dysentery.  The  ulcers  formed  in  the  various  ways 
described  above  show  little  tendency  to  heal,  but  remain  as  open 
discharging  sores.  Sometimes  they  penetrate  more  deeply  and  lead 
to  abscesses  in  the  surrounding  tissue,  especially  of  the  rectum 
(Periproctitis).  The  remaining  mucous  membrane  is  swollen  and  in  a 
state  of  catarrh.  The  intestinal  wall  is  irregularly  drawn  in  and 
adherent  to  the  surrounding  parts. 

In  some  cases  a  tendency  to  Healing  manifests  itself  If  the  attack 
has  been  slight  and  the  ulceration  only  superficial,  there  may  be  a 
complete  restoration  of  the  mucous  membrane,  with  insignificant 
cicatrices.    But  for  the  most  part  the  cicatrices  are  of  considerable 
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superficial  extent,  perhaps  surrounding  the  gut.  The  cicatrices  of 
dysentery  have  usually  a  dark,  almost  a  black  colour.  When 
they  in  the  usual  fashion  contract,  they  cause  narrowing  of  the 
intestine,  and  this,  in  some  cases,  is  very  considerable.  Alternating 
with  the  narrowing  there  is  very  commonly  dilatation  of  the  more 
healthy  parts,  so  that  a  very  remarkable  pouching  of  the  colon  may 
result,  the  narrowed  parts  being  probably  adherent  to  the  tissues 
around.  The  obstruction  produced  in  this  way  is  all  the  greater 
because  the  contraction  often  throws  the  remaining  mucous  membrane 
into  folds  which  may  act  as  valves  to  the  constricted  parts. 

The  symptoms  of  dysentery  often  continue,  in  the  chronic  form,  after  healing 
of  all  the  ulcers  has  occurred.  In  that  case  along  with  the  cicatricial  contraction 
mentioned  above,  there  is  a  very  marked  atrophy  of  the  coats  of  the  intestine,  so 
that  the  wall  is  very  thin  and  translucent.  There  is  also  considerable  adhesion 
to  surrounding  parts. 

2.  Cholera. — In  addition  to  the  epidemic  disease  known  as  Asiatic 
cholera,  there  is  a  condition  known  as  Cholera  nostras.  The  researches 
of  Koch  have  demonstrated  the  connection  between  Asiatic  cholera  and 

the  spirillum  of  cholera.    It  is  probable 
that    cholera    nostras    and  choleraic 
((^^[^'H'         diarrhoea  may  be  produced  by  microbes 

"        .    Y^^fv^        Koch's   comma   bacillus.— This  is  a 
.1.1/  short,  thickish   organism,   about  two- 


Vf  jV/  allied,  but  not  identical  characters. 

111.  .iK)  v(y^  Cholera  spirillum,  Vibrio  Cholerse, 


V/Jl-yU^'fit^  and  somewhat  broader  (see  Fig.  594). 


^^^tii/f^^O  It  is  curved  on  its  long  axis  so  as  to 


'^^\^AOl  thirds  the  length  of  the  tubercle  bacillus 

'  resemble  a  comma  (but  without  the  head 

Fig.  594.— Cholera  spiriUum,  from    of  the  printed  comma).   Sometimcs  there 

acvature.    x  about  1000.  ^^^^  ^^^^  ^^^^  ^^^.^  ^^^^^^^^ 

in  opposite  directions,  so  as  to  resemble  the  letter  S.  They  some- 
times grow  into  longer  spiral  threads. 

The  spirillum  is  very  actively  motile  by  means  usually  of  a  single 
cilium  which  is  at  one  end.  The  spirilla  are  readily  stained  by  watery 
solutions  of  the  aniline  dyes,  but  the  best  are  weak  solutions  of  carbol- 
fuchsin  or  Loeffler's  methylene  blue.  They  require  longer  exposure 
than  usual,  not  less  than  ten  minutes  for  cover-glass  preparations  and 
twenty-four  hours  for  sections.  The  fluid  may  be  heated.  Grams 
method  is  not  available  as  the  spirilla  are  decolorized. 

Cultures  in  gelatin  show  very  characteristic  appearances.  ihe 
growing  spirilla  liquefy  the  gelatin  slowly,  producing  a  small  funnel- 
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shaped  cup,  the  apex  of  which  is  occupied  by  the  growing  organism  in 
the  form  of  a  granular  whitish  sediment.  They  also  grow  on  potato, 
in  milk,  and  even  in  water.  They  were  found  by  Koch  abundantly 
in  the  water  of  a  tank  in  India.  The  presence  of  the  cholera 
spirillum  may  be  determined  by  a  chemical  colour  test.  Cultures 
made  on  media  containing  peptones  (such  as  a  simple  1  per  cent,  watery 
solution  of  peptone  to  which  1  per  cent.  NaCl  has  been  added),  give 
with  chemically  pure  hydrochloric  or  sulphuric  acid  a  red  colour  of 
varying  intensity — the  so-called  Cholera  red.  This  is  due  to  the 
presence  of  nitroso-indol,  a  body  formed  by  the  addition  of  sulphuric 
acid  to  a  mixture  of  indol  and  a  nitrite — these  latter  substances  being 
formed  by  the  cholera  organism  during  its  growth.  Other  comma 
bacilli  and  the  Vibrio  Metchnikovi  give  similar  reactions. 

Cholera  does  not  occur  in  animals,  but  Koch  succeeded  by  a  special 
method  in  inducing  the  spirilla  to  grow  in  the  intestinal  canal  of 
guinea-pigs.  He  overcame  the  acidity  of  the  stomach  by  an  alkaline 
carbonate,  and  at  the  same  time  controlled  the  peristaltic  action  of  the 
intestine  by  opium,  and  then  found  that  cultures  introduced  into  the 
stomach  survived  and  propagated.  The  animal  died  in  about  two 
days,  and  the  intestine  was  found  to  contain  large  quantities  of  fluid 
fffices  which  teemed  with  spirilla.  An  accidental  contamination  of  one 
of  Koch's  pupils  during  a  course  of  bacteriology  resulted  in  an  attack 
of  cholera,  thus  affording  a  proof  of  the  identity  of  the  microbe.  More 
recent  experiments  have  amplified  Koch's  view. 

In  cases  of  Asiatic  cholera  Koch  has  always  found  the  spirilla  in  the 
rice-water  evacuations  and  intestinal  contents.  The  mucous  membrane 
of  the  intestine  is  red  and  swollen,  especially  in  the  region  above  the 
ileo-ccecal  valve.  The  spirilla  are  present  not  only  in  the  contents, 
but  in  the  tubular  glands,  sometimes  penetrating  between  the 
epithelium  and  the  basement  membrane.  The  organism  does  not 
penetrate  beyond  the  intestine,  but  it  apparently  produces  an  active 
toxm,  which  irritates  the  intestine  and,  being  absorbed,  leads  to 
weakenmg  of  the  heart,  lowering  of  the  temperature,  muscular 
cramps,  etc. 

If  cholera  organisms  be  introduced  into  the  peritoneal  cavity  of  an 
animal  in  which  a  high  degree  of  immunity  against  cholera  has  been 
previously  induced,  their  motility  is  impaired  or  lost,  and  they  become 
gathered  into  little  clumps,  which  after  a  short  time  disappear  in 
the  peritoneal  fluid.  This  phenomenon,  which  constitutes  Pfeiffer's 
reaction,  takes  place  outside  of  the  animal  body  and  may  serve  the 
rj'^r  '  distinguishing  the  cholera  organism  from  others 

resembling  it,  or  of  indicating  the  presence  of  "  anti-microbic  "  sub- 
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stances  in  a  special  serum.  A  close  analogy  is  offered  by  the  bacillus 
of  typhoid  fever  in  which  the  reaction,  applied  in  this  latter  sense, 
is  used  as  a  means  of  diagnosis. 

A  protective  vaccine  has  been  devised  by  M.  Haffkine.  An  exalted 
virus  is  made  by  passing  the  spirillum  through  the  peritoneal  cavity 
of  the  guinea-pig  a  number  of  times  in  succession  with  intermediate 
culture.  This  virulent  form  is  injected  subcutaneously.  As  the 
organism  does  not  survive  in  the  subcutaneous  tissue  the  cultures 
themselves  may  be  injected,  but  it  is  safer  to  use  carbolized  cultures 
which  can  be  preserved  in  sealed  tubes  for  use.  The  injection  of  the 
strong  vaccine  is  preceded  by  the  use  of  a  weakened  form. 

The  spirillum  is  destroyed  by  drying,  and  is  apparently  transmitted 
by  means  of  water,  milk,  etc. 

The  phenomena  of  cholera  are  those  of  a  very  violent  irritation  of 
the  mucous  membrane  of  the  intestine ;  the  symptoms  of  cholera  are 
largely  those  of  a  general  poisoning  of  the  system.    During  life  the 
disease  is  characterized  by  the  discharge  of  extremely  fluid  stools 
which,  from  the  intermixture  of  finely  divided  material,  give  the 
characteristic  Rice-water  appearance.     Sometimes  a  patient  dies  with- 
out the  bowels  having  been  moved,  and  in  that  case  the  latter  are 
found  distended  with  the  rice-water  discharge.    The  flakes  which  give 
their  character  to  the  rice-water  evacuations  are  not  so  much  composed 
of  desquamated  epithelium  as  of  little  masses  of  mucus  contaimng 
leucocytes.    After  death  the  epithelium  may  be  found  loose  in  the 
intestine,  but  this  appears  to  be  from  post-mortem  maceration,  for,  it 
examined  sufiiciently  early,  the  epithelium  is  found  apparently  normal. 

It  is  obvious  that  there  is  here  an  enormous  transudation  from  the 
vessels  of  the  intestine.  The  chemical  character  of  the  discharge  how- 
ever seems  to  indicate  that  it  is  not  a  mere  inflammatory  exudation 
from  the  vessels,  but  rather  a  secretion  from  the  glands.  Its  specific 
gravity  is  low,  1006  to  1013.  There  is  very  little  albumen  present,  and 
the  discharge  contains  a  ferment  which  has  the  power  of  converting 

■^t.arch  into  sugar.  ,  , , 

The  most  marked  post-mortem  appearance  is  a  remarkably  rosy 
iniection  of  the  vessels  in  all  the  coats  of  the  intestine,  so  that  a  red 
a!  rince  is  visible  even  in  the  serons  coat  whenever  the  body  ,s 
.  opS  The  mucons  membrane  is  swollen  and  the  closed  Whcles 
p?::fnent  Occasionally  there  is  a  decidedly  in—ory  condmon 
present,  which  may  be  even  of  a  dysentenc  character. 

™.  c„„a.i.n  o,  o..  P.. 
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and  parchment-like.  The  membranes  of  the  brain  are  frequently  injected.  The 
kidneys  present  the  characters  of  a  slight  parenchymatous  inflammation. 

3.  Typhoid  fever. — This  disease  is  also  due  to  the  action  of  a 
microbe,  and  is  characterized  by  a  lesion  in  the  intestine.  The  morbid 
poison  finds  entrance  by  the  intestine,  and  produces  irritation  of  the 
follicles  and  in  its  further  passage  of  the  mesenteric  glands. 

Bacillus  typhosus.  Typhoid  bacilli  are  small  rods  with  rounded  ends 
(see  Fig.  595)  which  are  usually  single  or  in  pairs  in  the  tissues,  but  may 
grow  into  longer  threads.  They  possess  very  active  motility,  produced 
by  means  of  numerous  flagella,  which  are  situated  not  only  at  the  ends 
but  on  the  sides  of  the  bacilli.  Spore-formation  has  not  been  con- 
clusively demonstrated.  The  bacilli  grow  on  various  nutrient  media. 
They  form  on  fresh  acid  potato  a  thin 
layer,  which  to  the  naked  eye  only 
diifers  from  the  remainder  of  the  surface 
in  presenting  a  moister  appearance.  A 
small  portion  of  the  growth,  however, 
when  examined  under  the  microscope, 
presents  vast  numbers  of  the  active 
bacteria.  This  growth  on  potato  is  very 
characteristic,  and,  occurring  as  it  does 
at  the  ordinary  temperature,  is  very  ^^^y^is,'£.^"$''' 
important  as  showing  that  these  bacteria  "  " 

  i.     UT     i.  1         ,         ,  Fig.  596.— BaciUus  of  typhoid  fever. 

are  not  obligate  parasites,  but  that  they    x  about  looo. 
can  grow  outside  the  body.    It  has  also  been  shown  that  they  grow 
vigorously  in  milk  (Wolffhiigel),  and  that  they  may  be  preserved  and 
even  grow  in  water. 

The  typhoid  bacillus  stains  with  difficulty,  giving  only  a  faint  colour  \vith  watery 
solutions  of  ordinary  aniline  dyes.  With  Loeffler's  alkaline  methylene-blue,  and  with 
Ziehl's  carbol-fuchsin  solution,  they  are  readily  stained.  Sections  should  be  left 
twenty-four  hours  in  the  solutions. 

The  bacilli  apart  from  the  toxins  have  not  been  unequivocally 
inoculated  in  animals. 

In  man  the  bacilli  have  been  found  in  the  intestinal  contents,  in  the 
closed  follicles  of  the  intestines,  the  lymphatic  glands,  and  the  spleen, 
ihey  have  been  found  also  in  the  blood  of  typhoid  patients.  In  the 
tissues  mentioned  they  grow  in  little  masses  with  intervals  between, 
ihey  are  not  found  in  every  case,  diminishing  apparently  as  the  disease 
advances.  Hence  they  are  only  uniformly  met  with  in  recent  cases,  in 
which  numerous  clumps  of  bacilli  are  found  in  the  swollen  Peyer's  patches 
dna  glands  In  later  cases,  where  ulceration  has  occurred,  they  may  be 
lound  in  the  deeper  layers  of  the  patches,  in  the  mucous  membrane,  and 
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muscular  coat  beneath  the  ulcer.  According  to  Wright  and  Sample 
the  typhoid  bacilli  are  present  in  the  urine  in  most  cases  of  typhoid 
fever,  and  they  are  frequently  absent  from  the  stools.  Sometimes  the 
urine  is  actually  turbid  with  typhoid  bacilli.  This  seriously  raises 
the  question  whether  the  intestine  is  really  the  main  seat  of  the 
bacillus. 

As  the  bacilli  extend  to  the  blood,  it  may  be  that  the  general 
symptoms  of  typhoid  fever  are  due  to  this;  but,  as  the  extension  is 
apparently  not  great,  it  is  more  probable  that  the  bacilli  form  a  poison 
in  the  intestine,  glands,  and  spleen,  which  reaching  the  blood,  produces 
these  symptoms. 

The  propagation  of  typhoid  fever  occurs  by  multiplication  of  the 
bacilli  outside  the  body  and  their  subsequent  ingestion.  The  faeces 
and  urine  we  have  seen  may  contain  large  numbers  of  bacilli.  Con- 
sidering how  readily  they  propagate  in  milk  and  other  media  outside 
the  body,  it  is  not  difficult  to  understand  why  they  should  frequently 
infect  the  ingesta  and  produce  the  disease  in  man.  There  are  many 
epidemics  which  have  been  traced  to  contaminated  milk. 

The  Affection  in  the  intestine  consists  of  an  inflammatory  swelling 
of  the  closed  follicles  and  of  the  mucous  membrane  in  their  neighbour- 
hood, the  inflammation  often  going  on  to  necrosis  and  sloughing.  The 
disease  has  usually  its  point  of  greatest  intensity  at  the  lower  extremity 
of  the  ileum,  and  it  is  often  possible  to  see  various  stages  of  the  process 

in  proceeding  from  above  downwards  through 
the  small  intestine  till  it  culminates  close  to 
the  ileo-C£ecal  valve. 

In  the  normal  state,  especially  in  the  adult, 
the  Peyer'£  patches  and  the  solitary  follicles 
are  very  slightly  prominent.  The  patch 
viewed  from  the  surface  shows  a  congeries 
of  shalloAv  depressions  separated  by  slightly 
elevated  ridges,  which  run  in  frbm  the 
general  mucous  membrane,  and  form  a  kind 
of  network.  It  is  in  the  depressions  that 
the  folHcles  are  placed.  In  typhoid  fever 
there  is  at  first  a  general  swelUng  of  the 
patch  ;  it  is  an  inflammatory  swelling  accom- 
panied by  abundant  infiltration  of  round 
cells  which  occupy  both  the  closed  follicles  and  the  mucous  mem- 
brane. The  patch  is  obviouslv  raised  and  its  margins  are  some- 
what abrupt  (Fig.  596,  a).  Viewed  from  the  surface  there  is  at  this 
early  stage  simply  an  exaggeration  of  the  normal  appearance,  ihe 


Fig.  596.— Diagi-ammatic  re- 
presentation of  Peyer's  patches 
in -typhoid  fever,  a,  early  stage 
with  swelling  of  the  patch ;  b, 
later  stage  with  sloughing -  c, 
ulcer  mth  infiltrated  walls. 
(Thibrfeldbb.) 
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ridges  of  mucous  membrane  are  swollen  so  that  the  depressions  are 
more  hidden,  and  an  appearance  is  produced  which  has  been  compared 
to  that  of  the  convolutions  of  the  brain  in  miniature.  The  swollen 
patch  has  a  pinkish  or  whitish  colour.  At  the  same  time  the  solitary 
follicles  show  themselves  as  elevations  at  intervals. 

As  the  time  goes  on  the  whole  tissue  becomes  more  and  more  infil- 
trated with  round  cells  (Fig.  597),  and  the  raised  patch  more  solid  and 
its  surface  more  homogeneous.    The  invasion  of  round  cells  extends  to 


m 


Fig.  507.— Portion  of  a  Peyer'a  patch  in  an  early  period  of  tyj^hoid  fever,  a,  mucous 
membrane  which  becomes  raised  when  the  swollen  patch  is  reached ;  b,  internal 
layer,  and  c,  external  layer  of  muscular  coat ;  d,  swollen  patch  composed  of  round 
cells  with  dilated  blood-vessels.  At  the  right  of  the  section  the  round  cells  are 
invading  the  submucous  tissue  and  approaching  the  muscular  coat,    x  16. 

the  submucous  and  muscular  coats,  even  to  the  serous,  and  passes  to 
some  extent  beyond  the  patch.  A  similar  condition  occurs  in  the 
solitary  follicles  ;  they  also  present  a  marked  increase  in  size,  and  are 
less  defined,  by  reason  of  the  infiltration  around  them. 

On  this  condition  follows  Necrosis  (Fig.  596,  b).  The  infiltrated  and 
altered  patch  or  solitary  follicle  forms  a  slough,  of  larger  or  smaller 
size,  which  remains  adherent  for  a  time,  and  like  all  sloughs  in  the 
intestine  becomes  brown  or  yellow  owing  to  staining  by  the  biliary 
colouring  matter,  which  stains  dead  tissue,  but  leaves  unaffected  living 
structures.  Generally  there  is  a  single  slough  on  a  Peyer's  patch,  not 
mvolving  the  whole  patch,  but  nevertheless  of  considerable  superficial 
extent  (see  figure).  Sometimes  there  are  several  sloughs  corresponding 
to  some  of  the  closed  follicles  of  which  the  patch  is  made  up. 
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After  a  time  the  slough  separates  and  an  Ulcer  is  left  with  infiltrated 
base  and  margins  (Fig.  596,  c).  The  ulcers  are  confined  to  the  patches 
and  solitary  follicles,  so  that  they  repeat  their  shape  and  locality.  The 
walls  are  succulent  and  vascular,  and  considerable  haemorrhage  may 
occur  from  them.  The  ulceration  may  extend  more  deeply  than  the 
mucous  membrane,  involving  a  necrosis  of  the  muscular  and  even  of 
the  serous  coat,  so  that  Perforation  may  result.  Perforation  may  occur 
in  one  of  two  ways.  In  the  first  place  an  ulcer  may  extend  in  depth 
till  it  penetrates  through  the  muscular  and  serous  coats.  In  this  case 
the  process  is  somewhat  gradual,  and  there  is  generally  an  inflammation 
of  the  peritoneum  sufficient  to  cause  adhesion  and  prevent  the  intestinal 
contents  passing  into  the  abdominal  cavity.  In  the  second  place, 
perforation  may  occur  in  a  manner  comparable  to  the  perforation 
of  the  pleura  in  phthisis  pulmonalis  which  leads  to  pneumothorax. 
The  serous  coat  is  undermined  by  the  ulcer,  and  as  its  nutrition  is  cut 
off"  it  undergoes  necrosis.  In  such  cases  the  brown  slough  may  be 
visible  on  viewing  the  intestine  externally.  A  partial  separation  of 
the  slough  may  allow  of  perforation,  and  as  this  form  is  more  acute  and 
not  so  likely  to  be  accompanied  by  considerable  adhesions,  the  contents 
of  the  intestine  are  more  apt  to  escape  into  the  peritoneal  cavity  and 
produce  fatal  peritonitis. 

When  Eecovery  takes  place  from  the  fever,  the  lesion  in  the 

intestine  retrogrades.  The  exact  pro- 
cess of  resolution  varies  according  to 
the  stage  reached.  If,  in  any  part, 
ulceration  has  not  yet  occurred,  there 
is  a  gradual  diminution  of  the  patch 
and  a  return  to  the  normal.  If 
ulceration  exists  the  ulcer  fills  up  and 
cicatrizes.  The  Cicatrix,  however, 
remains  a  long  time,  often  of  a  slaty 
colour,  and  unusually  presents  much 
puckering.  It  may  indeed  be  a  fiat 
cicatrix  in  which  the  intestinal  wall  is 
merely  thin  and  transparent.  This  is 
shown  in  Fig.  598,  which  represents 
the  condition  in  the  case  of  a  girl 
who  died  of  pneumonia  a  year  after  having  passed  through  an  attack 
of  typhoid  fever. 

The  Lymphatic  glands  of  the  mesentery  enlarge,  and  present  on 
section  a  red  injected  appearance  and  soft  consistence.  There  may  be 
necrosis  here  also,  giving  rise  to  an  opaque  greyish  condition  ,n  the 


Fig.  S'.iS.— CiKitnce.',  ou  ii  Peyer's  patch 
from  typhoid  fever. 
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midst  of  the  gland.  When  recovery  takes  place  the  glands  return  to 
the  normal,  and  the  sloughs  are  usually  absorbed,  although  they  may 
become  caseous  and  subsequently  calcareous. 

It  is  to  be  remembered  also  that  the  Spleen  is  enlarged,  and  there 
is  here  more  than  in  typhus  fever  a  swelling  of  the  Malpighian 
follicles— which  are  lymphatic  in  structure— and  so  the  spleen  is  firmer 
and  paler  on  section  than  normal  (see  p.  600).  The  specific  microbe  is 
also  present  in  the  spleen. 

4.  Anthrax  {Mycosis  of  the  intestine).— The  wall  of  the  intestine  is 
sometimes  attacked  by  the  anthrax  bacillus.  Several  cases  described  as 
mycosis  intestinalis  belong  to  this  group,  although  the  name  has  also 
been  used  for  other  affections,  such  as  septic  inflammations  and  actino- 
mycosis. The  intestine  may  be  the  place  of  entrance  of  the  bacilli, 
and  the  lesion  will  then  be  the  primary  one.  On  the  other  hand,  the 
intestinal  lesion  may  simply  be  part  of  the  general  infection,  and  con- 
current with  affections  of  other  organs. 

The  lesion  presents  itself  in  patches  situated  most  frequently  in  the 
small  intestine,  but  also  in  the  stomach  and  colon.  The  patches  are 
oedematous  and  infiltrated  with  blood,  and  there  is  generally  a  consider- 
able dark  slough  on  the  prominences  of  the  folds.  The  characteristic 
bacilli  are  found  in  the  oedematous  fluid  and  in  the  blood-vessels  and 
lymphatics.  The  lymphatic  glands  are  swollen,  and  infiltrated  with 
blood.  The  bacilli  are  sometimes  present  in  them  in  very  large 
numbers. 

Cases  of  this  kind  have  mostly  occurred  amongst  workmen  who  have 
handled  the  hides  of  animals  affected  with  anthrax.  Probably  the 
bacilli  are  allowed  to  contaminate  the  food,  and  so  reach  the  intestine. 

5.  Actinomycosis. — The  intestine  is  occasionally  the  primary  seat 
of  actinomycosis.  In  a  case  recorded  by  Chiari  the  mucous  mem- 
brane of  the  large  intestine  was  the  seat  of  raised  whitish  patches, 
in  which  the  yellow  granules  of  the  parasite  were  visible.  The  mucous 
membrane  around  was  swollen  and  red  and  covered  with  tough  mucus. 
The  vermiform  appendix  has  been  the  seat  of  this  disease  in  some, 
cases. 

Literature.— flyseniery—ANNEBLEY,  Diseases  of  India,  3rd  ed.,  1855;  Virchow, 
Virch.  Arch.,  v.  and  Hi. ;  Hedbner,  in  Ziemssen's  Cycl.,  i.,  1875  ;  Zieglee,  Lehrb., 
ii. ;  Maclean,  in  Eeynolds'  Syst.  of  Med.,  i.,  1866;  Baly,  Path,  and  treatment  of 
dysentery,  1847;  Fagge,  Medicine,  ii.;  Woodward,  Med.  and  surg.  hist,  of  war  of 
rebellion,  part  ii.,  vol.  i.,  1879;  Flexner,  Philadelphia  Med.  Journ.,  vi.,  1900. 
CTo/era-GooDEVE,  in  Eeynolds'  Syst.  of  Med.,  i.,  1866  ;  Lewis  and  Cunningham, 
Cholera,  1878;  Eeport  of  cholera  conference  at  Berlin,  1885,  Brit.  Med.  Jour., 
1885,  1.,  1011  and  1075,  also  separate  Eeport  of  Conference;  Macnamara,  Hist,  of 
Asiatic  cholera,  1876;  Wood,  Eeports,  Lab.  Eoy.  Coll.  Physicians,  Edin.,  ii.,  1890. 
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Typhoid  Fever — Liebermeibteu,  in  Ziemssen's  Cyclop.,  i.,  1875;  Murchison, 
Continued  fevers,  2nded.,  1873  ;  Mabchand,  Centralbl.  f.  allgem.  Pathol.,  i.,  1890  ; 
Cygnatjs,  Ziegler's  Beitriige,  vii.,  1890;  Herdman  and  Boycb,  Oysters  and  disease, 
1903.  Anthrax — Bollinger,  in  Ziemssen's  Cycl.,  iii.,  1875;  Vierhdff,  Anthrax 
intest.,  1885  ;  Waldeyer,  Virch.  Arch.,  iii. ;  Poland,  Path.  Trans.,  xxxvii.,  1886. 
Actinomycosis — Zemann,  Wien  med.  Jahrb.,  iv.,  1883  ;  Chiari,  Prag.  med.  Wochen- 
schr.,  1884;  Leith,  Edin.  Hosp.  Reports,  ii.,  1894. 


VIII.— TUBERCULOSIS  AND 


Fig.  69!).— Tubercular  ulceration  of  the 
lower  end  of  tlio  ileum  iuvolving  Foyer  s 
patches  and  the  solitary  follicles. 


SYPHILIS  OF  THE  INTESTINE. 

1.  Tuberculosis.  —  In  the  great 
majority  of  cases  this  condition  is 
secondary  to  pulmonary  phthisis, 
and  it  occurs  in  about  two  thirds 
of  the  cases  of  that  disease  examined 
after  death.  It  is  to  be  accounted 
for  by  the  sputa  being  partly  swal- 
lowed, and  the  virus  applying  itself 
to  the  intestine  directly. 

There  seems  little  doubt  also  that 
tuberculosis  of  the  intestine  may 
be  induced  by  the  tubercle  bacilli 
being  present  in  the  food.  Experi- 
ments in  animals  show  that  this 
mode  of  infection  is  possible.  The 
bacilli,  however,  may  be  absorbed 
by  the  intestine  without  inducing 
tuberculosis  of  it.  The  mesenteric 
glands  may  become  tubercular, 
without  any  affection  of  the  intes- 
tine. This  result  of  experiment  in 
animals  is  confirmed  by  observation 
in  man. 

The  bacillus  attacks  the  same 
structures  as  does  the  bacillus  of 
typhoid  fever,  namely,  the  closed 
follicles  and  Peyer's  patches  (Fig. 
.599),  and  at  first  it  produces  a 
change  of  a  somewhat  similar  kind. 
There  is  an  enlargement  of  the 
closed  follicles  by  reason  of  a  great 
new-formation  of  cells  which  infil- 
trate   the    neighbouring  mucous 
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membrane  as  well  as  the  follicles.  This  primary  enlargement  is, 
however,  much  less  uniform  than  in  typhoid  fever.  On  the  whole, 
it  is  greatest  towards  the  lower  part  of  the  ileum,  but  it  presents 
great  irregularities.  Even  in  the  Peyer's  patch  it  generally  aflfects 
a  few  closed  follicles,  and  not  the  whole,  so  that  there  are  rounded 
prominences  dotted  over  the  patch.  Moreover,  it  is  not  simply  an 
inflammatory  infiltration  which  occurs ;  there  are  tubercles  present 
from  the  first. 

The  enlarged  follicles  undergo ,  caseous  necrosis,  so  that  very  soon 
they  are  seen  to  have  an  opaque  yellow  kernel,  while  the  epithelium 


Fig.  600. — Tubercular  ulcer  of  the  intestine.    The  swollen  overhanging  edges  are 
indicated. 

Still  covers  them.  In  the  next  place  softening  occurs,  and  the  caseous 
mass  is  discharged,  leaving  a  crater-shaped  ulcer.  The  ulcer  advances 
and  continues  to  have  overhanging  edges,  which  are  infiltrated  with 
leucocytes  and  contain  miliary  tubercles  (see  Figs.  600  and  601). 
There  may  be  at  first  several  such  ulcers  in  a  Peyer's  patch,  and  other 
solitary  ones  in  other  parts.  They  extend  by  fresh  infiltration  of  the 
neighbourhood  and  fresh  necrosis,  while  at  the  same  time  miliary 
tubercles  are  visible  in  the  midst  of  the  inflammatory  infiltration.  The 
infiltration  very  commonly  involves  the  muscular  coat,  and  even  the 
serous,  and  tubercles  are  often  to  be  seen  almost  free  of  inflammatory 
infiltration  at  a  distance  from  the  ulcers  in  the  midst  of  the  muscular 
coat,  or  even  in  the  peritoneum  (see  Fig.  601,  d). 

The  ulcer  itself  extends,  as  a  rule,  much  more  laterally  than  deeply, 
and  in  its  extension  it  does  not  respect  the  boundaries  of  the  Peyer's 
patches  or  solitary  follicles,  but  passes  beyond  them,  generally  advanc- 
ing more  across  the  gut  than  longitudinally.    In  this  way  ulcers  are. 
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not  infrequently,  much  elongated  in  a  direction  transverse  to  the  intes- 
tine, and  may  even  form  a  ring  around  it.  The  ulcers  have  usually  their 
centres  at  the  part  of  the  gut  opposite  the  mesenteric  attachment,  as 
the  Peyer's  patches,  in  which  they  begin,  have  their  seats  there. 

The  position  of  the  ulcers  is  often  indicated  before  opening  the 
intestine  by  the  appearance  of  the  peritoneal  surface.  If  the  ulcer  be 
of  any  considerable  size  there  is  some  inflammation  of  the  peritoneum, 
evidenced  by  redness  and,  very  often,  by  elongated  projections  of 
vascular  connective  tissue.    But  above  all  we  can  generally  see  in  the 


Pig  601  —Section  of  a  smaU  tubercular  ulcer.  In  the  middle  there  is  a  crater-shaped 
ulcei- (a)  with  overhanging  edges.  The  mucous  membrane  around  is  mfiltrated  with 
round  ceUs  in  the  midst  of  which  a  few  tubercles  are  indicated.  Beneath  the  ulcer 
the  muscular  coat  is  infiltrated.    At  d  there  is  a  smaU  sub-serous  tubercle,    x  lb. 

peritoneum  groups  of  little  white  nodules,  which  are  tubercles  in  or 
under  the  serous  coat.  The  existence  of  these  tubercles  is  sometimes 
even  useful  in  determining  whether  an  ulcer  is  a  tubercular  one  or  not. 
It  is  rare  that  the  ulcer  penetrates  through  the  peritoneal  coat,  and, 
if  it  does,  it  is  usually  protected  by  adhesion  to  neighbouring  loops  of 

intestine.  . 

As  a  general  rule  the  tubercular  ulceration  is  most  marked  in  the 
ileum,  but  not  infrequently  the  colon  is  attacked,  and  there  may  be 
ulcers'  of  very  large  size  there.  The  Vermiform  appendix  is  not  a  very 
infrequent  seat  of  ulceration. 

The  process  is  for  the  most  part  a  chronic  one,  and  the  ulcers  advance 
slowly.  Sometimes,  however,  and  usually  in  connection  with  acute 
phthisis,  there  is  a  rapid  swelling  of  the  follicles,  and  ulceration  occurs 
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by  softening,  without  preliminary  caseous  necrosis.  In  these  cases 
perforation  is  much  more  liable  to  occur. 

As  amyloid  degeneration  is  a  frequent  accompaniment  of  phthisis,  it 
may  coincide  with  tubercular  ulceration  in  the  intestine. 

2.  Syphilis. — The  rectum  is  liable  to  be  invaded  by  syphilitic  lesions 
extending  from  the  anus  and  perinaeum,  especially  in  women.  Besides 
this  there  is  sometimes  a  more  independent  syphilitic  aifection  of  the 
rectum  leading  to  stricture.  There  are  the  usual  gummatous  infiltra- 
tions with  ulceration,  and  these  by  partial  cicatrization  may  lead  to 
contraction.  The  infiltration  may  aifect  the  tissues  outside  the  intes- 
tine.   A  few  cases  have  been  observed  in  new-born  children. 

Literature. — Tuberculosis — Spillmann,  Tuberc.  du  tube  digestif  (with  literature), 
1878 ;  Orth,  Lehrb.  d.  path.  Anat.,  830 ;  Baumgartbn,  Zeitschr.  f .  Win.  Med.,  1885, 
and  Tuberculose,  1885;  Grawitz  (Peritonitis),  Charit6-Ann.,  1886.  Sypliilis — 
Mbacek  (with  literature),  Vierteljahrschr.  f.  Dermat.  und  Syph.,  x.,  1883;  Foestee, 
Lehrb.  d.  path.  Anat.,  ii.,  148;  Klebs,  Handb.  d.  path.  Anat.,  i.,  261  ;  Lang, 
Vorles.  iiber  Syph.,  2nd.  ed. ;  Israel,  Charitd-Ann.,  ix.,  1884;  Norman  Moore, 
in  Hutchinson,  Syphilis,  1887,  p.  256  ;  Birch-Hirschfeld,  Lehrb.,  ii.,  1894 ; 
Hayem  et  Tissier,  Eevue  de  M^d.,  ix. ,  1889;  Eiedbr,  Jahrb.  d.  Hamburg. 
Krankenanst,  1890 ;  Homen,  Centralbl.  f.  allgem.  Path.,  1893. 

IX.— RETROGRADE  CHANGES  AND  ABNORMAL  CONTENTS. 
Atrophy  of  the  mucous  membrane  of  the  intestine  is  an  occasional 
consequence  of  inflammations,  catarrhal,  dysenteric,  and  other.  There 
have  also  been  described  atrophic  and  degenerative  changes  in  the 
intestinal  nerves  in  acute  fevers  and  in  acute  afl"ections  of  the  central 
nervous  system.  The  changes  in  the  nerves  are  accompanied  by  changes 
in  the  muscle. 

Amyloid  degeneration  is  the  most  frequent  retrograde  change  in  the 
intestine.  It  affects  the  arteries  and  capillaries  of  the  muco-a  and  sub- 
mucosa,  and  especially  the  vessels  of  the  villi,  but  it  often  extends  to 
the  whole  tissue  of  the  villi  except  the  epithelium,  and  to  the  muscular 
bundles  of  the  submucosa.  To  the  naked  eye  the  intestine  frequently 
appears  pale  and  smooth,  but  the  condition  is  best  detected  by  the 
addition  of  iodine  solution.  The  aff'ected  villi  then  appear  as  deeply 
stained  granules,  while  the  closed  follicles  and  Peyer's  patches  are 
unaffected.  If  ulcers  be  present,  as  is  not  infrequently  the  case,  they 
also  are  unafi"ected  and  show  a  contrast  in  colour.  The  villi  are  fre- 
quently extensively  lost  in  amyloid  disease,  but  this  may  be  a  post- 
mortem effect,  the  brittle  amyloid  structures  being  broken  oft"  in 
handling  the  intestine. 

Necrosis,  which  here  sometimes  assumes  the  characters  of  Gangrene, 
occurs,  as  mentioned  above,  in  various  conditions— infarction,  dysentery, 
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hernia.  It  also  results  occasionally  from  continued  pressure  by  hard 
contents.  This  is  most  common  in  the  vermiform  appendix,  but  also 
occurs  in  the  colon  and  rectum  from  hard  fteces.  The  result  is  the 
formation  of  ulcers.  Gangrene  may  also  result  from  traumatic  separa- 
tion of  the  mesentery,  when  this  occurs  close  to  the  intestine. 

Foreign  bodies  in  the  intestine.  Intestinal  concretions.— These 
mostly  consist  of  the  ordinary  contents  dried-in  and  impregnated  with 
lime  salts.  The  concretions  have  a  kernel  composed  usually  of  dried 
faeces,  but  sometimes  a  gall  stone,  a  fruit-seed,  or  a  mass  of  hairs,  forms 
the  kernel.  The  central  parts  so  formed  are  coated  with  phosphate 
and  carbonate  of  lime.  Concretions  are  very  common  in  animals, 
especially  in  the  horse,  in  which  they  have  been  found  weighing  20 
pounds.  They  are  composed  of  the  husks  of  corn  mixed  with  hairs 
which  the  animals  have  licked  from  their  bodies  and  swallowed.  These 
are  felted  together  and  compacted  into  large  balls. 

Intestinal  Sand  {Sable  intestinal). — Sand-like  particles,  often  resem- 
bling uric  acid  microscopically,  are  not  infrequently  met  with  in  the 
motions,  especially  in  cases  of  mucous  enteritis.  The  substance  con- 
sists mainly  of  phosphate  and  carbonate  of  lime  with  some  colouring 
matter  the  precise  nature  of  which  is  not  known. 

Intestinal  concretions  occur  chiefly  in  the  caecum  and  vermiform 
appendix,  where  they  may  give  rise  to  ulceration  and  perforation. 
(See  above,  Typhlitis  and  Perityphlitis.) 

G-all-stones  also  occur  as  foreign  bodies  in  the  intestine,  and  some- 
times they  are  large  enough  to  cause  obstruction  at  the  ileo-csecal  valve 
or  elsewhere. 

Parasites  in  the  intestine.— Vegetable  parasites  are  of  little  conse- 
quence if  we  except  those  considered  in  previous  paragraphs. 

Animal  parasites  have  been  described  in  the  general  section  on 
parasites.  They  comprise  chiefly  the  tape-worms,  the  ascarides,  the 
oxyuris,  the  trichocephalus  dispar,  and  the  ankylostomum  duodenale. 

Literature.— NoTHNAGEL,  loc.  cit. ;  Scheimpflug,  Zeitschr.  f .  klin.  Med.,  ix.,  1885 ; 
FuRNEATjx-JoEDAN  (Fatty  change  and  failure  of  muscular  wall  as  cause  of  obstruc- 
tion), Brit.  Med.  Jour.,  1879,  i.,  621;  Wagner,  Arch.  d.  Heilk.,  1861;  Kyber 
(Amyloid),  Virch.  Arch.,  Ixxxi.,  1880  ;  Edinger  (Amyloid  dis.  and  dilat.  of  colon), 
D  Ai-ch  f  klin.  Med.,  1881  ;  Zesas  (Separation  of  mesentery).  Arch.  f.  khn.  Chir., 
1886;  ScHUBERO  (Concretions),  Virch.  Arch.,  xc,  1882;  Laboulbene,  Arch,  g6n.  de 
m6d.,  xxii.,  1873  ;  Friedberger  und  Frohner,  Lehrb.  d.  path.  d.  Hausthiei-e  1885  ; 
Letjbe,  in  Ziemssen's  Cyclop.,  vii.,  1877;  Labotjlbene  (Intestmal  ^^nd),  Bull. 
Acad  de  M6d,  Paris,  1873;  Delepine,  Trans.  Path.  Soc,  Lond.,  xli.,  1890 
Thomson  and  Ferguson,  Journ.  of  Path,  and  Bact.,  Feb  1900 ;  D.ckworxh  and 
GAiiROD,  Medico-Chir.  Trans.,  1901;  Ritchie,  Encyol.  Med.,  xi.,  1902. 
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X.— TUMOURS  OF  THE  INTESTINE. 

Primary  cancer. — This  is  by  far  the  most  frequent  and  important 
form  of  tumour.  Cancers  are  almost  confined  to  the  Large  intestine  ; 
we  have  already  connected  this  with  the  fact  that  this  portion  is  most 
exposed  to  the  irritation  of  the  stagnant  faeces.  This  is  the  more 
evident  as  the  most  frequent  localities  are  the  Rectum,  the  Flexures, 
and  the  CsBCum.  At  the  same  time  cancer.s  are  not  unknown  in  the 
small  intestine. 

The  commonest  form  of  cancer  is  a  very  Chronic  epithelioma  with 
gland-like  masses  of  cylinder  cells  (Fig.  602  and  Figs.  196-197,  pp. 


Fig.  e02.— Cancer  of  the  intestine,  mtli 
ulceration  and  dragging-in  of  tlie  wall. 


Fig.  003.— Plaster  cast  of  the  lumen  of  the 
large  intestine  in  a  case  of  cancer.   (Dr.  Gray.) 


360-361).  From  the  resemblance  ot  these  structures  to  the  tubular 
glands  of  the  intestine,  and  from  the  fact  that  evidently  the  tumour 
originates  from  these  glands,  the  name  Adenoid  tumour  or  Malignant 
adenoma  is  frequently  used,  just  as  in  the  case  of  the  stomach. 

The  tumour  is  frequently  ring-shaped,  and  as  ulceration  readily 
occurs,  there  may  be  little  more  than  an  ulcer  with  infiltrated  edges. 

Obstruction  of  the  intestine  is  a  frequent  result  of  cancer.  This  is 
due  for  the  most  part  to  the  ulceration  and  subsequent  contraction  in 
the  process  of  partial  healing.  There  may  be,  as  in  Fig.  602,  great 
dragging-in  of  the  intestinal  wall  or  other  deformity  in  consequence 
of  the  shrinking.  The  occlusion  of  the  calibre  may  be  completed  by 
prorament  folding  of  the  mucous  membrane  as  a  result  of  the  irregular 
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contraction.  In  most  cases  the  symptoms  of  obstruction  are  of 
gradual  onset,  but  there  are  not  a  few  cases  in  which  a  sudden  and 
complete  obstruction  has  been  the  first  evidence  of  any  lesion  of  the 
intestine.  Fig.  603  demonstrates  in  a  striking  manner  the  marked 
narrowing  of  the  lumen  of  the  bowel  which  so  frequently  occurs. 

On  microscopic  examination  the  cancerous  structure  is  usually  quite 
obvious,  but  in  some  cases  it  is  to  a  large  extent  destroyed  by  ulcera- 
tion. At  the  edges,  however,  we  may  distinguish  masses  of  epithelial 
cells  with  a  glandular  arrangement,  and  in  the  adhesions  around  the 
affected  part  of  the  intestine  and  at  further  distances  glands  enlarged 
with  cancerous  tissue  may  be  found. 

Next  to  the  cylinder-celled  epithelioma  the  most  common  form  is 
Colloid  cancer.  This  forms  a  much  more  prominent  tumour,  which 
may  involve  a  considerable  length  of  the  gut,  and  incorporate  the 
entire  coats.  This  form  may  produce  obstruction  by  its  mere  bulk, 
although  it  also  is  liable  to  ulceration,  and  the  consequent  contraction 
of  the  gut  added  to  the  bulk  of  the  tumour  frequently  efi"ects  obstruc- 
tion. It  does  not  so  readily  affect  the  lymphatic  glands,  but  more 
usually  extends  through  the  wall  into  the  peritoneum. 

Soft  cancer  is  much  less  common  here  than  in  the  stomach,  and  it 
resembles  the  same  form  of  tumour  there.  It  extends  to  the  lymphatic 
glands  and  frequently  also  to  the  liver. 

Other  tumours. — The  remaining  tumours  of  the  intestine  are  of  less 
importance.  Fibromas  (Fig.  108,  p.  282),  Lipomas  (Fig.  116,  p.  289), 
and  Myomas  (Figs.  129-130,  pp.  301-302)  occur,  and  are  all  apt  to  pass 
into  the  interior  of  the  intestine  and  assume  the  form  of  Submucous 
polypi.  These  polypoid  growths  by  being  dragged  on  in  the  peri- 
staltic movements  of  the  intestine  may  produce  invagination  (Fig. 
108,  p.  282).  Mucous  polypi  have  been  already  mentioned  as 
occurring,  especially  in  the  rectum,  in  catarrh.  Sarcoma  is  not  un- 
common in  the  small  and  large  intestine.  Eound-celled  and  spindle- 
celled  (Fig.  176,  p.  339)  varieties  are  found.  In  the  rectum  the 
melanotic  form  has  repeatedly  been  observed  (see  Fig.  604). 

A  peculiar  form  of  tumoui-  is  the  Cyst  of  the  vermiform  appendix.  In 
some  cases  of  obstruction  of  the  aperture  the  appendage  becomes  dis- 
tended with  mucous  and  may  assume  large  dimensions,  as  in  Fig.  605. 
The  contents  may  remain  mucous  in  character  or  become  serous. 

Lymphoma  is  not  infrequent  as  a  form  of  secondary  new-formation 
in  the  intestine.  A  general  enlargement  of  the  closed  follicles  occurs 
sometimes  in  leuksemia  and  in  Hodgkin's  disease,  and  it  may  be  so 
considerable  as  to  give  the  appearance  of  numerous  prominent  tumours 
projecting  from  the  surface. 
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There  is,  however,  sometimes  a  more  definite  tumour-formation  in 
Lympho-sarcoma,  when  the  primary  lesion  is  localized  in  the  mesenteric 
and  intestinal  lymphatic  structures.  There  may  be  extensive  tracts  of 
the  intestine  infiltrated  with  lymphatic  tissue  which  may  replace  the 
mucous  membrane  and  the  other  coats,  so  that  sometimes  the  enlarged 
intestinal  tube  is  converted  into  a  soft  white  structure  composed  of 
lymphatic  gland  tissue  (see  under  Lympho-sarcoma). 

Literature. — Klebs,  Handb.,  i.,  1869;  Cripps  (numerous  illustrations),  Path. 
Trans.,  1881,  xxxii.,  87;  Haack,  Arch.  f.  klin.  Chir.,  xxix.,  1882;  Weigebt 
(Secondary  cancer),  Virch.  Arch.,  1876,  Ixvii.,  513;  Carrington  (Hodgkin's  dis., 
with  references  to  literature),  Path.  Trans.,  xxxv.,  385.  Literature  of  other  forms 
of  tumour  in  Orth,  Lehrb.  der  path.  Anat.,  1877,  p.  855;  Coats  (Cysts  of  vermi- 
form), Brit.  Med.  Jour.,  1875,  i.  ;  Struthbrs  (Varieties  of  appendix  and  csecum), 
Edin.  Med.  Jour.,  1893;  Smoler  (Sarcoma),  Prag.  Med.  Woch.,  1878;  Libjiak, 
Amer.  Journ.  Med.  Sciences,  cxx.,  1900;  Wiener,  Ziegler's  Beitrage,  xxv.,  1899  ; 
Peraire  (Fibroma),  Bev.  de  Chir.,  1900. 


XI.— OBSTRUCTION  TO  THE  CALIBRE  OF  THE  INTESTINE. 

This  condition  has  been  incidentally  mentioned  as  occasioned  by 
several  of  the  lesions  already  described.  It  may  be  well  here  to  sum 
up  the  various  forms  of  intestinal  obstruction  and  to  describe  the  effects 
produced  when  the  calibre  of  the  intestine  is  interrupted. 

Causes  of  obstruction. — Next  to  hernia,  the  most  frequent  cause  of 
obstruction  is  the  contraction  of  cicatrices  resulting  from  ulceration,  and 
in  the  great  majority  of  cases  the  ulcers  are  malignant,  that  is  to  say, 
they  arise  by  the  breaking  down  of  cancers.  It  is  to  be  remembered 
that  in  contractions  of  the  calibre  such  as  these  the  direct  cause  of  the 
final  obstruction  may  be  the  folding  of  the  mucous  membrane  above  the 
stricture,  this  acting  like  a  valve  to  the  narrowed  part.  Tumours  also 
obstruct  sometimes  by  their  bulk.  Similarly  gall-stones,  masses  of 
fEeces,  collections  of  round  worms,  may  occlude  the  calibre.  Invaguia- 
tion  is  the  commonest  cause  in  children.  There  is  also  twisting  or 
torsion.  Lastly,  we  have  obstruction  by  incarceration,  the  intestine 
passing  into  a  position  where  a  loop  is  caught  at  the  neck  and  strangled. 
Hernias  form  the  commonest  examples  of  this  kind,  but  there  are  a 
number  of  cases  in  which  the  intestine  slips  under  a  bridge  or  ligament, 
and  becomes,  as  it  were,  pinioned  and  compressed.  These  latter  merit 
further  consideration. 

Obstruction  by  a  bridle  or  ligament  occurs  so  obviously  to  the  mmd 
that  its  frequency  is  apt  to  be  overrated.  In  reality  it  forms  a  small 
proportion  of  the  entire  cases.  The  abnormal  band  may  be  formed  by 
the  adhesion  of  normal  or  other  structure  to  various  parts  of  the 
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abdomen  so  as  to  form  bridges.  Thus  the  vermiform  appendix  may 
adhere  by  its  tip  and  form  a  bridge ;  or  a  Meckel's  diverticulum 
may  similarly  adhere  ;  or  the  omentum  may  be  tied  down  in  such 
a  way  as  to  form  a  narrow  bridle.  But  sometimes  the  band  is  itself 
distinctly  of  new  formation.  Thus  there  has  been  a  local  peritonitis,  and 
two  opposing  surfaces  may  become  adherent  in  the  usual  way  of  inflam- 
matory adhesion,  by  vascular  connective  tissue  ;  or  by  the  movements  of 
the  intestine  the  connective' tissue  may  be  dragged  upon  and  elongated 
till  it  forms  a  band  or  ligament,  which  may  afterwards  tie  down  a  loop 


Fig.  006.— Intestinal  band. 


of  intestine.  The  formation  of  such  bands  is  mostly  the  result  of 
tubercular  peritonitis  which  has  undergone  healing,  recovery  from  this 
disease  being  more  frequent  than  is  usually  supposed  (Fig.  606). 

A  very  unusual  form  of  incarceration  is  that  in  which  there  is  an  Aperture  in  the 
mesentery  through  which  the  intestine  passes.  This  may  be  produced  by  a  tear  in 
the  mesentery.  In  a  case  observed  by  the  author  there  was  a  large  round  gap 
about  five  mches  in  diameter  with  rounded  edges,  and  obviously  of  long  standing 
perhaps  congenital.  The  greater  part  of  the  small  intestine  had  become  impacted 
m  a  complicated  fashion  into  the  aperture,  and  obstruction  had  finally  resulted. 

Results  Of  obstruction.-The  most  direct  eff-eet  is  an  accumulation 
ot  the  intestinal  contents  in  the  parts  of  the  intestine  above  the  seat  of 
obstruction.  This  may  so  greatly  distend  the  intestine  that  its  muscular 
coat  IS  paralyzed  by  the  internal  pressure.  The  stagnating  fseces 
decompose-the  decomposition  being  more  rapid  and  complete  and 
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absorption  more  considerable  in  the  case  of  fluid  feces.   As  a  result  of 
the  decomposition  the  contents  of  the  small  intestine  may  acquire  the 
characters  of  those  of  the  large.    This  decomposition  of  the  intestinal 
contents  leads  to  several  important  results.    In  the  first  place  there 
may  be  great  formation  of  gas  which  still  further  distends  the  bowel 
and  may  produce  the  condition  of  exaggerated  inflation  called  Meteor- 
ism.    A  return  of  the  faeces  in  the  reverse  direction  may  occur,  and 
if  the  decomposition  is  sufficiently  advanced  there  may  be  vomiting 
of  matter  having  a  fa3cal  character.    This  alarming  phenomenon  of 
Stercoraceous  vomiting  is  sometimes  referred  to  a  reverse  current 
extending  from  the  colon.     We  can  hardly  suppose,  however,  that  the 
fteces  are  able  to  pass  the  ileo-csecal  valve,  and  for  the  most  part  the 
vomited  matters  are  really  the  stagnant  contents  of  the  small  intestinp 
which  have  undergone  f^cal  decomposition.     Of  course  there  is  a 
reverse  current,  else  the  intestinal  contents  would  not  reach  the 
stomach.    But  this  does  not  necessarily  imply  a  vermicular  movement 
in  the  reverse  direction.   If  the  intestine  is  distended,  and  is  interrupted 
at  a  particular  point,  then  the  vermicular  movement  in  the  usual  direc- 
tion will  carry  the  external  layer  of  contents  downwards  to  the  point 
of  obstruction.    In  order  to  accommodate  this  fresh  arrival  there  must 
be  a  return  current  upwards  in  the  centre  of  the  tube.    There  is  a 
similar  condition  to  what  exists  normally  in  the  stomach  where  the 
contents  are  carried  to  the  pylorus,  and  meeting  the  obstructmg 
sphincter  return  for  the  most  part  down  the  centre  of  the  cavity 

towards  the  fundus. 

Again  the  products  of  decomposition  may  be  absorbed  to  an  abnormal 
extent  and  appear  in  the  urine.  There  are  two  substances  resulting 
from  the  decomposition  of  albuminous  matter  which  are  norma  ly 
present  to  a  limited  extent  in  the  urine,  namely,  Indican  and  Carbolic 
acid  In  cases  of  obstruction  these  substances,  one  or  both,  are  m 
creased  in  quantity  sometimes  to  a  very  striking  extent.  This  increase 
does  not  occur  unless  the  stagnation  extends  to  the  small  intestine 
where  the  albuminoids  are  present.  It  does  not  occur  therefore  in 
ordinary  constipation  which  affects  the  large  intestine  alone  because 
the  albuminoids  are  absorbed  before  they  reach  the  large  intestine. 
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DISEASES  OF  THE  LIVEK,  PANCEEAS,  AND  PERITONEUM. 


A. — The  Liver.  Introduetioii.  Post-mortem  changes.  I.  Malformations  and 
Deformities.  II.  Disorders  of  Circulation.  1.  Passive  hyperemia  (nutmeg 
liver),  2.  Thrombosis  and  Embolism.  III.  Retrograde  changes,  chiefly  fatty 
infiltration,  amyloid  disease,  and  pigmentation  ;  Icterus.  IV.  Acute  Yellow 
.Atrophy.  V.  Hypertrophy  and  Regeneration.  VI.  Inflammations.  1.  Sup- 
purative hepatitis,  including  tropical  and  pytemic  abscesses;  also  biliary 
abscess.  2.  Chronic  interstitial  hepatitis,  Cirrhosis ;  causation ;  lesions ; 
effects.  Biliary  and  hypertrophic  cirrhosis.  3.  Perihepatitis.  VII.  Syphilis 
and  Tuberculosis.  Syphilitic  cirrliosis  and  gummata.  Tuberculosis,  chiefly 
secondary.  VIII.  Tumours,  chiefly  cancers  ;  occasionally  primary— chiefly 
secondary.    Parasites,  chiefly  Echinococcus. 

B.— Bile-ducts  and  GaU-hladder.    1.  Gall-stones,  single  and  multiple,  2.  Obstruc- 
tion of  ducts,  3.  Ruptiire  and  perforation,  4.  Tumours. 

C— Pancreas.    Malformations,  hfemorrhages,  inflammations,  retrograde  changes. 
Tumours,  especially  cancers.    Concretions  and  obstructions  of  duct. 

D.  — Peritoneum.    Introduction.    1.  Malformations  ;  2.  Disorders  of  circulation, 

chiefly  hiemorrhage  and  ascites  ;  chylous  ascites  and  ascites  adiposus  ;  3.' 
Inflammations,  septic,  chronic  ;  4.  Tuberculosis,  tubercular  peritonitis,  healing 
and  its  results  ;  5.  Tumours,  including  Retroperitoneal  sarcoma. 

E.  —Secondary  Extension  of  Cancers  of  the  Abdominal  Organs. 


A. — The  Liver. 

]NTRODUCTOEY._The  liver  is  the  largest  gland  in  the  body,  its 
weight  being  on  an  average  from  48  to  58  ounces  in  the  adult 
male  and  40  to  50  ounces  in  the  female. 

In  its  Function  the  liver  is  related  to  the  intestinal  canal  and  the 
blo-od.  The  formation  of  bile  is  probably  the  least  of  its  functions,  but 
as  the  bile  pigment  is  derived  from  the  hjemoglobin,  there  must  be  a 
destruction  or  removal  of  effete  red  blood-corpuscles  in  the  liver  A 
more  important  function  is  the  preparation  of  glycogen,  whatever  may 
be  the  uses  to  which  this  substance  is  put.  The  liver  also  seems  to 
have  important  relations  to  the  free  fat  of  the  body,  and  under  certain 
circumstances  stores  it  up  in  its  substance  (see  Fatty  Infiltration) 
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The  functions  of  the  liver  being  thus  manifold  and  somewhat  obscure, 
the  effbctti  of  disease  on  it  are  difficult  to  disentangle.  Many  of  the 
diseases  cause  atrophy  of  its  proper  tissue,  but  they  nearly  all  at  the 
same  time  affect  either  the  body  as  a  whole  or  the  vascular  arrange- 
ments of  the  abdomen  which  are  so  peculiarly  related  to  the  liver. 

The  Circulation  of  the  liver  is  very  peculiar  and  claims  special 
attention,  because  most  diseases  of  the  organ  produce  important  effects 
upon  it.    Most  of  the  blood  comes  to  the  liver  by  the  Portal  vein,  and 
the  proper  hepatic  tissue  is  arranged  in  relation  to  the  ultimate  ramifica- 
tions, and  they  are  in  immediate  connection  with  the  hepatic  lobules. 
The  Hepatic  lobule  is  a  group  of  hepatic  cells  with  blood-vessels, 
measuring  about  the  twentieth  of  an  inch  in  diameter,  and  having  in 
man  a  polygonal  or  somewhat  globular  shape.    The  interlobular  vein 
lying  outside  the  lobule  sends  capillaries  into  it,  and  these  seeking  the 
centre  of  the  lobule  open  into  the  central  or  intralobular  vein  which  is 
the  radicle  of  the  hepatic  vein.    Between  the  capillaries  lie  the  hepatic 
cells,  which  are  arranged  in  rows  or  cylinders  radiating  from  the  centre 
of  the  lobule  like  the  capillaries.    The  stellate  cells  of  Kupffer  lie 
between  the  hepatic  cells  and  the  capillaries  and  seem  to  be  intimately 
connected  with  both. 

Blood  is  also  brought  to  the  liver  by  the  Hepatic  artery  which 
supplies  chiefly  the  connective  tissue  and  walls  of  the  blood-vessels. 
Its  capillaries  terminate  in  veins  which  open  into  the  intralobular  vems 
(according  to  Cohnheim  and  Litten),  so  that  this  blood  also  finds  its 
way  into  the  hepatic  capillaries  and  on  into  the  hepatic  vein. 

The  Connective  tissue  of  the  liver  is  often  described  as  if  it  formed 
a  special  covering  to  the  portal  vein,  being  called  Glisson's  capsule.  It 
really  forms  a  supporting  stroma  which  holds  the  portal  vein,  the 
hepatic  artery,  and  the  hepatic  duct,  which  all  lie  side  by  side.  The 
lympbatic  channels  are  also  contained  in  it.    In  swine  the  connective 
tissue  surrounds  each  lobule  and  defines  it  distinctly  from  its  neighbour, 
but  in  man  it  stops  short  at  the  interlobular  vein,  and  except  where 
this  vein  is,  the  lobules  at  their  margins  merge  "^^^  ^^"^^^^"^f 
their  capillaries  are  in  communication.  Examination  of  Fig-  609,  p.  WU, 
and  Fio^  •>31  P  392,  in  which  the  lobules  are  demarcated  by  fatty  infil- 
tration: will  'show  how  they  run  into  one  another  at  t^-' P-^^^^ 
Althou^^h  no  proper  fibrillated  connective  tissue  is  present  in  de  the 
bbulesryet  a  fine  reticulum  accompanies  and  supports  the  capi  lanes. 

The  circulation  in  the  portal  vein,  and  especially  in  the  capillaries  of 
the  liv  r  must  be  unusually  slow.    The  blood  before  it  reaches  the 
•ver  has  pled  through  one  set  of  capillaries,  and  here  it  P-- thr^^ 
a  second  set ;  it  has  therefore  lost  very  largely  the  force  derived  from 


THE  LIVER. 


1013 


the  contractions  of  the  heart.  It  is  probably  for  this  reason  that  the 
liver  is  so  frequently  the  seat  of  secondary  deposition  as  in  tuberculosis, 
cancers,  etc.,  and  of  the  deposition  of  solid  pigments.  We  may  suppose 
that  as  the  blood  moves  so  slowly  there  will  be  time  for  any  granular 
material  to  settle  down  and  produce  its  special  effects.  We  know  that 
when  vermilion  is  injected  into  the  blood  it  is  found  largely  in  the 
liver.  Similarly  the  pigment  containing  iron  present  in  the  blood  in 
pernicious  anaemia  is  found  largely  there. 

The  Hepatic  ducts  running  in  the  connective  tissue  along  with  the 
portal  vein  and  hepatic  artery  are  lined  with  cylindrical  epithelium. 
These  are  connected  with  the  biliary  capillaries,  which  originate  inside 
the  lobules  and  seem  to  be  in  part  formed  by  the  hepatic  cells  themselves, 
each  cell  having  on  its  surface  a  groove  which,  with  a  corresponding 
groove  in  the  cell  opposed  to  it,  forms  a  tube. 

Post-mortem  changes. — The  liver  is  liable  to  local  alterations  in  colour,  in  the 
form  of  pale  anremic  areas,  from  the  pressure  of  neighbouring  struotm-es,  as  the 
ribs,  or  distended  loops  of  intestine.  It  frequently  also  assumes  a  blue  colour  from 
decomposition,  especially  where  it  is  in  contact  with  the  transverse  colon. 

Gas  is  frequently  formed  in  the  tissues  after  death,  but  there  are 
some  cases  in  which  the  development  of  gas,  especially  in  the  liver,  is 
so  marked  and  extensive  that  special  attention  has  been  attracted  to 
them.  In  the  cases  referred  to  the  liver  is  found  more  or  less  honey- 
combed with  cavities,  produced  in  the  substance  of  the  organ  by  an 
evolution  of  gas  in  many  centres.  A  similar  evolution  of  gas  occurs 
in  the  kidneys,  spleen,  in  the  subcutaneous  tissues,  and  elsewhere, 
whei-e  it  produces  emphysema.  A  peculiar  odour  is  exhaled  by  the 
affected  oi'gans.  In  such  cases  the  organs  have  been  found  the  seat 
of  colonies  of  microbes,  which  comprise  several  species.  One  variety 
commonly  found  is  a  short  bacillus  with  rounded  ends  which  stains 
with  the  ordinary  reagents  and  also  by  Gram's  method.  A  capsule 
can  often  be  demonstrated.  To  this  the  name  of  Bacillus  Eerogenes 
capsulatus  has  been  given.  It  is  present  in  the  walls  of  the  gas  cavities 
and  in  the  blood-vessels,  being  found  in  the  case  of  the  liver  in  the 
portal  and  hepatic  branches  and  in  the  capillaries.  The  microbe  may 
be  cultivated  in  the  ordinary  media.  It  is  anaerobic.  It  produces  gas 
abundantly  in  cultures. 

It  is  certain  that  the  principal  growth  of  this  microbe  is  post- 
mortem, but  its  wide  dispersion  and  abundance  in  the  blood  suggest 
that  it  may  have  been  planted  during  life.  Most  of  the  cases  in  which 
the  condition  has  been  observed  were  septic,  that  is  to  say,  there  were 
external  wounds.  But  there  are  cases— the  author  is  cognizant  of 
at  least  two— in  which  a  rapidly  fatal  illness  having  the  characters  of 
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toxcTcmia  (so-called  blood-poisoning),  but  without  any  external  wound, 
have  been  associated  with  the  condition  under  consideration,  and  with 
no  other  apparent  cause  for  the  symptoms.  Similar  cases  have  been 
recorded  by  other  observers,  and  the  bacillus  phlegraones  emphyse- 
matosse  of  E.  Fraenkel  is  now.  regarded  as  identical  with  this  organism. 

Literature.— (?e?iem/  worka—Bvvv,  Dis.  of  liver,  2nd  ed.,  1852  ;  Murchison,  Clin, 
leet.  on  dis.  of  liver,  etc.,  last  ed.;  Anstib,  in  Reynolds'  Syst.  of  med.,  iii., 
1871 ;  Habershon,  Path,  and  treatment  of  some  diseases  of  liver,  1872  ;  Fberichs, 
Dis.  of  liver,  transl.  Syd.  Soc,  1858-61 ;  Charcot,  Lemons  sur  les  malad.  du  foie, 
1877  ;  Hanot  et  Gilbert,  Malad.  du  foie,  1888;  Welch  and  Flexner,  Journ.  of 
exper.  med.,  i.,  1896;  Legros,  Eecherclies  Bacter.  sur  les  gangrenes  gazeuses 
aigues,  1902. 

I.— MALFORMATIONS  AND  DEFORMITIES  OF  THE  LIVER. 

Congenital  malformations  of  the  liver  are  not  common.  There  are 
cases  of  absence  of  the  liver,  and  of  defect  of  one  of  the  lobes  or 
irregularity  in  the  lobes.  What  may  be  called  supernumerary  livers 
have  also  been  found  in  the  form  of  isolated  pieces  of  liver  tissue  in  the 
suspensory  ligament.  Of  more  importance  is  congenital  absence  of  the 
gall  bladder,  along  with  which  there  is  usually  a  dilatation  of  the  bile 

ducts.  .  . 

The  liver  is  sometimes  Transposed  along  with  a  general  transposition 
of  the  viscera.  In  a  case  recorded  by  Fraser,  there  was  not  only  a 
transposition  but  an  occasional  Dislocation  of  the  liver,  which  came 
down  into  the  left  inguinal  region. 

An  Acquired  deformity  is  the  so-called  Stay  liver  of  females.  This 
deformity  is  usually  stated  to  be  due  to  tight  lacing,  but  although 
doubtless  greatly  aggravated  by  this,  it  is  also  induced  by  the  ordinary 
methods  of  suspending  the  garments  by  a  tight  ligature  round  the 
waist  The  effect  on  the  liver  is  that  it  is  greatly  flattened,  while  a 
transverse  shallow  depression  forms  along  the  upper  surface,  affecting 
chiefly  the  right  lobe.  In  this  groove  the  capsule  is  thickened,  and 
there  is  obviously  considerable  loss  of  liver  tissue.  Sometimes  the 
atrophy  along  this  groove  is  such  that  the  two  portions  can  be  folded 
together  With  the  flattening  there  is  great  displacement  oi  the  iver, 
Je  lower  edge  of  which  may  extend  as  far  down  as  the  iimbiW 
More  or  less  of  this  deformity  is  to  be  found  in  nearly  al  lemale 
bodies,  and  also  in  the  "bodies  of  men  who  -have  been  m  the  habit  ot 
wearing  tight  belts'  round  their  waists.  ,.  , 

Somftim^es  the  upper  surface  of  the  right  lobe  of  the  liver  prese.i^^^ 
elongated  depressions  passing  from  behind  forwards,  which  are  r  ally 
Folds  of  the  liver,  and  are  produced  chiefly  when  there  is  some  obstruc- 
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tion  fco  expiration.  In  that  case  the  diaphragm  is  depressed  by  the 
dilated  lung,  and  at  the  same  time  the  lower  ribs  are  drawn  down  in 
violent  expiratory  movements  by  the  abdominal  muscles,  and  pressed 
against  the  liver,  which  is  supported  below  by  the  contraction  of  the 
abdominal  muscles. 

The  liver  is  very  liable  to  Changes  of  position.  Tumours  or  fluid  in 
the  abdomen  carry  it  upwards.  Depressions  of  the  diaphragm  press  it 
downwards.  The  suspensory  ligament  may  be  elongated  so  that  the 
organ  is  unduly  movable,  and  may  undergo  displacement  downwards. 


II.— AFFECTIONS  OF  THE  CIRCULATION  IN  THE  LIVER. 

1.  Passive  hyperaemia. — This  is  perhaps  the  commonest  of  all  affec- 
tions of  the  liver.  The  names  Nutmeg  liver  and  Red  atrophy  are 
sometimes  given  in  cases  of  prolonged  passive  hyperaemia,  these  names 
indicating  certain  appearances  jiresented  by  the  tissue.  Passive  hyper- 
aemia occurs  when  any  obstruction  exists  in  the  circulation  of  such  a 
nature  as  to  interfere  with  the  return  of  blood  from  the  inferior  vena 
cava  to  the  right  side  of  the  heart.  The  commonest  cause  is  valvular 
disease  of  the  heart,  especially  mitral  disease,  but  it  also  results  from 
obstruction  to  the  pulmonarj^  circulation  as  in  bronchitis  and  emphj'^- 
sema,  etc.  In  these  cases  there  is  a  general  engorgement  of  the 
systemic  venous  cfrculation,  with  increase  of  blood-pressure  in  the 
veins.  As  the  normal  circulation  in  the  liver  is  unusually  slow,  and 
the  blood-pressure  low,  any  increase  in  the  blood-pressure  in  the  general 
venous  circulation  will  tell  jDarticuIarly  on  the  vessels  of  the  liver,  and 
we  may  even  suppose  that  the  blood  passing  up  the  inferior  cava  may 
in  such  cases  regurgitate  into  the  hepatic  vein. 

The  result  of  this  is  very  great  distension  of  the  hepatic  vein  and  its 
radicles— the  central  or  intralobular  veins.  The  distension  extends  to 
the  capillaries,  which,  as  in  Fig.  607,  are  sometimes  found  enormously 
dilated.  The  dilated  capillaries  by  pressure  cause  Atrophy  of  the 
hepatic  cells,  and  it  often  happens  that  the  central  parts  of  the  lobules 
are  entirely  occupied  by  enormously  dilated  capillaries,  while  the 
hepatic  cells  are  hardly  visible  (Fig.  608).  The  remains  of  the  hepatic 
cells  frequently  contain  brown  Pigment  granules.  The  atrophy  of  the 
hepatic  cells  in  these  regions  may  be  complete,  only  a  few  pigment 
masses  representing  them.  Sometimes,  instead  of  a  simply  atrophy  we 
have  Fatty  degeneration  of  the  hepatic  cells,  localized  in  the  central 
parts  of  the  lobules. 

Sometimes  in  addition  to  these  changes  there  is  a  hypertrophy  of 
the  connective  tissue  surrounding  the  lobules,  but  this  is  usually  incon- 
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siderable,  and  it  is  a  mistaken  view  that  a  cirrhosis  of  the  liver  arises 
out  of  passive  hyperaemia. 

To  the  naked  eye  the  oi'gan  appears  unduly  red.  On  close  examina- 
tion even  of  the  general  surface,  but  more  especially  of  the  cut  surface, 
it  is  seen  that  there  are  minute  areas  of  a  deep  red  colour  corresponding 
with  the  central  parts  of  the  lobules,  and  these  are  surrounded  by  zones 


Fin  (iOT.— Passive  hyperiemia  of  the  liver.  One  lobule  and  parts  of  two  others  are 
sho^lu.  111  the  central  parts  of  the  lobules  there  is  almost  ""tl""^  ^^^^  f™ 
capillaries  containing  blood-corpuscles  ;  a  few  atrophied  and  pigmented  l^epatic  ceUs 
being  visible.  At  thi  peripheral  parts  of  the  lobules  the  hepatic  cells  are  seen,  many 
of  them  pigmented,    x  50. 

of  a  grey  or  yellowish  colour.  The  result  is  that  the  lobules  are,  as  it 
were.^'mapped  out  by  these  contrasting  colours,  and  are  for  the  most 
part  individually  visible  to  the  naked  eye.  Sometimes  several  adjacent 
lobules.are  almost  completely  occupied  by  dilated  vessels,  and  there  is 
a  narrow  ring  of  normal  tissue  around  each,  so  that  the  portion  of  liver 
has  as  a  whole,  an  almost  cavernous  structure  and  presents  a  deep  red 
colour  on  section.  It  is  these  variations  in  colour  and  figuring  which 
give  the  cut  surface  the  appearance  of  the  section  of  a  Nutmeg. 

In  parts  where  there  has  been  great  loss  of  the  proper  tissue  the 
liver  may  appear  to  the  naked  eye  after  death  partially  atrophied. 
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During  life  the  dilated  veins  and  capillaries  are  distended  with  blood, 
but  after  death,  the  blood-pressure  being  removed,  these  may,  to  some 
extent,  collapse.  In  this  way  the  surface  has  sometimes  a  granular 
appearance,  which  may  be  mistaken  for  that  of  cirrhosis,  but  it  will 
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Fig.  60S.— Passive  hyperaiiuia  of  the  liver,  showing  atrophy  of  the  hepatic  cells. 

be  noticed  that  the  depressed  or  atrophied  parts  have  a  deep  red 
colour. 

2.  Thrombosis  and  Embolism.— Thrombosis  of  the  Portal  vein  is  of 
somewhat  frequent  occurrence,  especially  as  a  result  of  cirrhosis.  It 
also  occurs  sometimes  by  propagation  of  thrombosis  from  the  radicles 
of  the  vein,  or  by  embolism  from  them.  The  consequences  to  the  liver 
Itself,  even  of  complete  closure  of  the  portal  vein,  are  not  so  important 
as  might  be  expected.   It  is  stated  by  some  that  it  may  lead  to  cirrhosis 
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of  the  liver,  but  there  is  no  proper  foundation  for  this  statement,  and 
cirrhosis  is  much  more  frequently  the  cause  than  the  result  of  throm- 
bosis. It  has  also  been  asserted  that  diabetes  mellitus  may  occur  as  a 
result  of  thrombosis  of  the  portal  vein.  The  consequences  outside  the 
liver  are  much  more  important.  There  is  dilatation  of  the  radicles  of 
the  portal  vein  in  the  abdominal  viscera,  with  ascites,  which  is  gene- 
rally extreme.  The  results  in  this  regard  are  essentially  similar  to 
those  which  occur  in  cirrhosis,  and  are  referred  to  more  particularly 
below,  under  that  heading. 

Thrombosis  and  embolism  of  the  Hepatic  artery  are  not  usually  of 
consequence  unless  the  plug  be  of  a  septic  nature.  The  hepatic  artery 
is  not  an  end-artery,  and  if  some  of  its  branches  be  obstructed  the 
anastomosing  communications  restore  the  circulation.  Besides  this  the 
portal  vessels  remain  to  nourish  the  hepatic  tissue  if  the  hepatic  artery 
be  obstructed. 

Embolism  of  the  hepatic  vein  by  solid  bodies  passing  backwards  by 
gravitation  from  the  inferior  vena  cava  has  been  observed  in  a  few  cases 
(Eecklinghausen).  Thrombosis  of  this  vein  occurs  in  cases  of  cancer 
and  of  abscess  of  the  liver. 

III. -RETROGRADE  CHANGES  IN  THE  LIVER. 
1.  Necrosis.— On  account  of  the  double  blood-supply  of  the  liver 
necrosis  seldom  occurs.  In  a  case  of  rupture  of  the  liver,  however,  in 
which  fissures  cut  off  the  blood-supply  from  a  wedge-shaped  piece,  the 
author  observed  the  appearance  of  the  pale  infarction.  The  tissue 
both  in  iiaked-eye  and  microscopic  characters  showed  the  appearances 
of  coagulation-necrosis.  There  is  also  necrosis  in  connection  with  the 
pysemic  abscess. 

2  Atrophy.— The  hepatic  parenchyma  is  very  liable  to  atrophy. 
We  have  a  General  atrophy  in  cases  of  emaciation  and  inanition,  and 
also  as  a  senile  phenomenon.    In  these  cases  the  liver  is  small  in  size 

and  deep  in  colour. 

Local  atrophy  of  the  liver  is  usually  the  result  of  pressure,  as  by 
tumours  growing  in  the  liver,  by  dilated  capillaries  in  passive  hyper- 
eemia  by  the  swollen  capillaries  in  amyloid  disease,  or  otherwise. 
Indeed  the  hepatic  cells  seem  very  readily  to  give  way  before  pressure, 
so  that,  for  example,  one  often  sees  in  the  neighbourhood  of  a  growing 
cancer  the  hepatic  cells  flattened  out  concentrically  and  atrophied. 

3  Parenchymatous  infiltration.-This  occurs,  as  we  have  previously 
seen,  in  connection  with  many  acute  diseases.  It  is  this  which  causes 
the  enlargement  of  the  liver  in  the  acute  fevers,  P"-™«;^-'  ^^^^P^^^^ 
etc     The  hepatic  cells  are  highly  granular  (see  Fig.  211,  p.  3h4),  and 
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if  the  albuminous  granules  be  destroyed  by  liquor  potass^  it  will  be 
seen  that  there  are  numerous  fine  fat-granules,  showing  the  cloudy 
swelling  passing  into  fatty  degeneration. 

4.  Fatty  degeneration. — This  is  frequently  seen  as  a  further  stage  of 
the  condition  just  mentioned,  and  is  a  special  feature  in  acute  yellow 
atrophy  to  be  presently  described.  It  is  also  usually  present  in 
pernicious  anajmia.  A  more  localized  fatty  degeneration  is  met  with 
in  consequence  of  local  affections  of  the  liver,  as  in  passive  hyperajmia, 


Fig.  i)0:i.— Kiittj-  iufiltratioii  of  the  liver  ;  usinic  ucid  iiroimration  a.s  seen  with  a 
low  power.  The  iieriphei-al  parts  of  the  lobules  are  demarcated  bv  the  fattj' 
iuflltration.    X  Hi. 


but  more  especially  in  cirrhosis  of  the  liver.  It  is  characterized  by 
the  presence  of  minute  fat-granules  in  the  protoplasm  of  the  cells  (see 
Fig.  214,  p.  387). 

5.  Patty  infiltration.— The  pathology  of  this  condition  has  been 
referred  to  in  a  former  part  of  this  work  (see  p.  391).  It  is  most 
typically  seen  in  phthisis  pulmonalis  and  in  some  other  wasting 
diseases.  It  also  occurs,  although  in  a  somewhat  different  form,  in 
chronic  alcoholism.  A  localized  fatty  infiltration  in  the  fissure  of  the 
suspensory  ligament  is  very  common. 

In  fatty  infiltration  fat  is  brought  by  the  portal  vessels  and  deposited 
in  the  hepatic  cells.  It  is  first  deposited  in  those  nearest  the  terminals 
of  the  portal  vein,  that  is  to  say,  in  the  peripheral  parts  of  the  lobules 
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shown  in  the  figure. 


Fig.  010.— Fatty  infiltration  of  liver.  The 
cells  are  isolated,  and  they  contain  larger  and 
smaller  drops  of  oil.    x  3o0. 


{see  Figs.  609  and  221,  p.  .392),  so  that  at  first  each  lobule  has  a  peri- 
pheral zone  of  fatty  infiltration.  This  is  very  markedly  seen  when  a 
section  is  examined  microscopically  in  the  fresh  state  or  stained  with 
osmic  acid.  In  the  latter  case  the  fatty  peripheral  parts  become  of  a 
blackish  colour,  and  the  section  assumes  a  very  striking  appearance  as 

As  the  condition  advances,  more  and  more  of  the 
lobule  is  affected,  until  finally  infil- 
tration overtakes  its  whole  extent. 
Even  in  extreme  cases,  however,  it 
usually  preponderates  at  the  peri- 
pheral parts.  The  fat  is  present  in 
larger  and  smaller  drops  inside  the 
hepatic  cells,  but  the  tendency  is  for 
the  drops  to  assume  a  considerable 
size  (as  in  Fig.  610).  The  proto- 
plasm of  the  cells  is  pushed  aside 
by  the  fat,  but  its  function  is  not  apparently  interfered  with.  The 
stellate  cells  of  Kupffer  are  sometimes  specially  aff"ected. 

The  fatty  liver  is  increased  in  weight,  and  in  extreme  cases  it  may 
be  double  the  normal.  The  organ  is  enlarged  generally,  rounded  at  the 
edges  and  increased  in  thickness.  It  is  unduly  soft  in  consistence  and 
has  an  opaque  pale  yellow  colour  which  may  be  very  marked,  and  merge 
towards  a  saffron  yellow.  It  is  nearly  always  possible  with  the  naked 
eye  to  distinguish  evidences  of  the  lobular  distribution  of  the  fat.  The 
lobules  are,  in  fact,  mapped  out  in  the  most  characteristic  figured 
manner,  so  that,  on  looking  closely,  we  can  distinguish  each  with 
perfect  accuracy. 

The  appearance  presents  a  considerable  resemblance  to  that  of  the  nutmeg  Hver, 
where  also  the  lobules  are  mapped  out ;  but  in  the  fatty  liver  it  is  by  unduly  pale 
tissue  at  the  peripheral  parts  of  the  lobules,  which  contrasts  with  the  normal 
central  parts;  while  in  the  other  case  it  is  the  normal  which  is  at  the  periphery, 
and  it  contrasts  with  the  red  central  parts,  and  the  whole  cut  surface  is  unduly  red. 

In  Chronic  alcoholism  the  fat  is  more  generally  distributed.  The 
liver  as  a  whole  has  a  soft  greasy  appearance,  and  fat  will  be  found  in 
larger  and  smaller  drops  throughout  the  lobules. 

6  Amyloid  degeneration.— The  liver  is  usually  afi"ected  when  amy- 
loid disease  exists  in  the  body,  but  the  aff-ection  shows  great  difterences 
in  decree.  It  may  be  very  slight  in  the  liver  while  very  advanced  in 
the  spleen  and  kidney,  and  vice  versd.  It  is  not  known  how  these 
differences  are  determined.  In  phthisis  pulmonalis,  which  is  the 
most  frequent  cause  of  amyloid  disease,  we  have  all  varieties  m 
distribution. 
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The  degeneration  appears  first  in  the  arteries  and  capillaries,  the 
appearance  in  the  latter  being  as  if,  at  intervals,  the  wall  were  swollen 
up  by  a  translucent  material.  In  these  earlier  stages  there  is  no 
difficulty  in  making  out  that  inside  the  lobules  it  is  the  capillaries. 
M^hich  are  affected  (Fig.  611).  The  general  arrangement  of  the  capillaries 
is  beautifully  shown  by  the  rose-pink  colour  in  a  section  stained  with 
methylviolet,  the  aj)pearance  being  almost  that  of  an  injected  specimen. 
Even  in  the  earlier  periods  considerable  atrophy  of  the  hepatic  cells. 


Fig.  Oil.— Waxy  degenoration  of  the  liver.    Au  early  stage.    X  50. 


can  be  observed  as  a  result  of  pressure  from  the  swollen  capillaries, 
and  the  atrophic  cells  frequently  contain  fat.  In  advanced  stages  the 
cells  are  very  greatly  destroyed,  so  that  the  liver  tissue  is  replaced 
by  amyloid  substance.  The  tissue  still  shows  indications  of  the  lobular 
arrangement,  and  also  of  the  capillaries,  although  scarcely  any  hepatic 
cells  remain  (see  Fig.  225,  p.  398). 

It  is  remarkable  that,  with  this  great  loss  of  the  secreting  substance, 
there  is  actual  increase  in  the  size  and  weight  of  the  liver.  It  is  not 
uncommon  to  find  the  liver  weighing  two  or  three  times  the  normal. 
The  increase  in  size  is  not  proportionate  to  that  in  weight,  as  the  amy- 
loid substance  is  of  greater  density  than  the  liver  tissue.  The  edges  of 
the  organ  are  rounded  and  its  consistence  elastic  and  resistant.  The 
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surface,  and  especially  the  cut  surface,  is  homogeneous-  and  presents 
a  peculiar  translucent  waxy  appearance,  which  in  advanced  stages  is 
highly  chai'acteristic. 

7.  Pigmentary  infiltration. — The  hepatic  tissue  is  liable  to  a  con- 
siderable laimber  of  different  forms  of  pigmentation. 

Icterus  is  the  most  frequent  and  obvious  cause  of  pigmentary  in- 
filtration of  the  liver.  We  have  here  to  do  with  hepatogenous  icterus, 
arising  from  obstruction  of  the  bile  ducts.  When  the  bile  ducts 
are  obstructed  the  secretion  of  bile  does  not  cease,  and  as  excretion  is 
hindered  there  occurs  a  re-absorption  of  the  bile.  As  the  hepatic 
cells  lie  between  the  biliary  capillaries  and  the  blood,  the  bile  must 
traverse  the  former  to  reach  the  latter,  and  consequently  the  hepatic 
cells  are  most  immediately  and  directly  stained  with  the  re-absorbed 
biliary  pigment.  The  pigment  at  first  stains  the  cells  generally,  but 
when  the  process  is  prolonged,  the  bile  is  deposited  in  the  cells  as  solid 
granules,  which  have  a  deep  brown  or  greenish  colour.  The  pigmentary 
deposit  occurs  chiefly  in  the  central  parts  of  the  lobules.  The  bile 
sometimes  condenses  in  the  biliary  capillaries  and  forms  solid  plugs 

or  moulds  of  these. 

In  the  adult  the  biliary  colouring  matter,  although  similar  in  con- 
stitution to  hsematoidin,  rarely  forms  crystals.  In  the  newly  born  we 
have  already  seen  (p.  396)  that  icterus  is  associated  with  a  crystalline 
condition  of  the  pigment.  There  is  some  reason  to  believe  that  in 
ordinary  icterus  neonatorum  the  pigment  is  htematoidin  of  hajmato- 
genous  origin.  The  author  is  able  to  say,  however,  that  in  true 
obstructive  icterus  in  infants,  the  pigment  forms  crystals.  He  found 
it  so  in  a  case  of  congenital  atresia  of  the  ducts,  and  ni  one  of 
obstruction  due  to  thrombo-phlebitis  of  the  umbilical  vein. 

This  biliary  inflltration  of  the  liver  occurs  in  consequence  of  an 
obstruction  either  of  the  main  duct  (ductus  communis)  or  of  the  finer 
ducts  in  the  substance  of  the  organ,  as  in  cases  of  Cirrhosis  and  Cancer 
of  the  liver,  having  in  that  case  a  partial  distribution  accordmg  to  the 
disposition  of  the  lesion  which  causes  it.  ^  . ,  ■, 

Infiltration  with  haimosiderin  (see  p.  394),  derived  from  the  blood- 
pigment  occurs,  as  already  mentioned,  in  pernicious  ansemia.  In  Perni- 
cious anaemia  there  is  a  reddish  brown  pigment  deposited  in  the  hepatic 
cells  which  may  give  a  general  coloration  to  the  organ  as  a  whole.  In 
addition,  granules  containing  iron  are  present  in  the  liver,  ai^  may  bo 
detected  by  the  dark  colour  which  they  assume  on  the  addition  o 
.idphide  0?  ammonium  or  by  the  blue  colour  with  ferrocyanide  of 
potassium  and  hydrochloric  acid.    (See  Fig.  2,5,  p.  46l.) 
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IV._ACUTE  YELLOW  ATROPHY  OF  THE  LIVER. 

This  disease,  although  by  its  name  it  is  connected  with  a  definite 
lesion  in  the  liver,  is  really  a  general  one,  due  to  a  morbid  poison  in 
the  blood.  In  some  cases  the  poison  seems  to  be  septic  in  its  character, 
the  disease  coming  on  in  the  course-of  septic  infection,  especially  in  the 
puerperal  state  or  in  erysipelas,  ^^^enerally  no  definite  poison  can  be 
traced.  Several  observers  have  sought  to  co^inect  the  disease  with 
certain  forms  of  microbes  (Klebs,  Zander,  etc.).  In  connection  with  its 
origin  from  a  morbid  poison  it  is  interesting  that  phosphorus  produces 


Fig.  1)12.— From  liver  in  acute  yellow  atrophy.  The  hepatic  colls  form  irregular 
clumps.  There  are  numerous  pigment  cry.stals  of  similar  shape  to  the  crystals  of 
htematoidm  (Fig.  28,  p.  nS),  and  of  a  similar  deep  red  colour,  but  smaller,    x  3.00. 

changes  so  similar  that  some  observers  have  suggested  that  acute 
yellow  atrophy  is  always  due  to  poisoning  with  phosphorus.  This 
view,  however,  is  not  tenable. 

Although  at  post-mortem  examination  the  liver  is  nearly  always 
reduced  in  size,  yet  in  some  cases  it  is  found  enlarged,  and  there  is 
reason  to  believe  that  in  the  earlier  stages  it  is  generally  enlarged. 
The  enlarged  liver  is  of  a  brownish  yellow  or  bright  yellow  colour, 
either  generally  or  in  streaks  and  patches.  In  these  parts  the  cells  are 
enlarged  and  full  of  fat  granules.  Although  this  is  a  true  fetty 
degeneration,  yet  the  fat  is  in  comparatively  large  drops. 

In  the  further  stages  the  liver  is  found  smaller  than  normal,  and  its 
tissue  IS  soft  and  flabby.  The  capsule  is  often  wrinkled  from  the 
atrophy  of  the  substance  of  the  organ,  and  the  organ  flattens  out  by  its 
own  weight,  its  thickness  being  greatly  diminished.    The  diminution 
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in  size  often  affects  the  left  lobe  especially.  On  cutting  into  the  organ 
the  section  shows  usually  different  shades  of  colour.  The  predominating 
tint  is  yellow,  varying  from  the  colour  of  gamboge  to  a  dark  yellowish 
brown.  Mixed  with  this,  however,  there  is  tissue  of  a  red  coloui- 
forming  the  red  substance  of  Zenker.  Where  the  colour  is  yellow  the 
tissue  is  softest,  but  the  red  parts  are  the  most  atrophied,  the  red 
substance  ainsing  by  the  absorption  of  the  degenerated  hepatic  cells. 


'■Or:;':' 


Fig.  613.— Liver  in  acute  yellow  atroi^liy.    x  SO. 

On  examining  the  yellow  tissue  under  the  microscope,  it  sometimes  is 
hardly  recognizable  as  that  of  the  liver  (see  Figs.  612  and  613).  There 
are  no  proper  hepatic  cells,  but  instead  irregular  masses  contaming  fat 
drops  and  granular  debris,  with  here  and  there  rhombic  crystals  of  a 
reddish  brown  colour.  The  Crystals  of  pigment  have  the  characters 
of  those  of  h^matoiclin  and  bilirubin.  Sometimes  Leucine  is  found 
in  opaque  clumps,  white  in  colour  and  generally  stratified.  Acicular 

-^.^I^  :itt  the  abundant  f.tty  d..is  ;  tl.t 

has  been  cleared  away,  and  there  is  now  a  fibrous  material  visible. 
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merely  sprinkled  with  fat  granules.  In  the  red  substance  there  are 
evidences  of  new-formation  in  the  form  of  glandular-looking  processes, 
which  has  been  taken  to  indicate  an  attempt  at  regeneration  of  the 
lost  hepatic  substance,  beginning  in  the  capillary  network  of  the  hepatic 
ducts. 

.Besides  the  changes  in  the  liver,  there  are  lesions  of  a  somewhat 
similar  character  elsewhere,  especially  in  the  epithelium  of  the  kidneys 
and  the  muscular  fibre  of  the  heart.  The  symptoms  are  those  of  a 
general  disease. 

Literature. — Feerichs,  Dis.  of  liver,  Syd.  Soc.  transl.,  1858-61 ;  Klbbs,  Handb., 
i.,  1869;  Zenker  (very  complete  articles),  Deutseh.  Arch.  f.  klin.  Med.,  x.,  166, 1872  ; 
Coats,  Brit.  Med.  Jour.,  1875,  i. ;  Ashley,  Liverp.  Med.  Chir.  Jour.,  1883  ;  Zander 
(Microbes),  Virch.  Arch.,  lix.,  1874;  Tomkins  and  Dreschfeld,  Lancet,  1884,  i., 
606;  BoiNET  et  Boy-Teissier,  Eev.  de  M6d.,  1886;  Cornil  et  Brault  (Phos- 
phorus poisoning),  Jour,  de  I'anat.  et  de  la  phys.,  1882  ;  Ossikwosky,  Wien.  med. 
Wochenschr.,  1881;  Meder,  Ziegler's  Beitriige,  xvii.,  143;  Maechand,  ibid.,  206; 
Ziegler's  Lehrbuch,  last  edition. 


V. -HYPERTROPHY  AND  REGENERATION  OF  THE  LIVER. 

Experiments  in  animals  have  shown  that  removal  of  portions  of  the 
liver  is  followed  by  a  regenerative  growth  of  the  various  structures  of 
the  organ,  this  growth  being  by  the  usual  process  of  Karyomitosis. 
The  growth  is  not  limited  to  the  neighbourhood  of  the  lesion,  but  the 
whole  liver  may  take  part  in  it.  It  has  been  stated  by  Ponfick  that 
after  removal  of  from  a  half  to  three  fourths  of  the  volume  of  the  liver, 
there  occurs  in  a  comparatively  short  time  such  a  compensatory  hyper- 
trophy of  the  rest  of  the  tissue  as  to  restore  the  original  weight  of  the 
organ. 

In  man  there  are  evidences  of  a  similar  power  of  compensatory 
hypertrophy  and  regeneration  when  portions  of  the  Hver  are  lost  by 
disease  or  injury.  In  a  case  observed  by  the  author  there  had  been  a 
congenital  loss  of  a  large  part  of  the  right  lobe,  apparently  from  some 
injury  early  m  foetal  life,  as  the  right  kidney  was  also  wanting  In 
this  case  the  left  lobe  was  greatly  increased  in  size,  and  the  liver  as  a 
whole  was  of  normal  dimensions.  A  similar  though  probably  more 
limited  compensatory  hypertrophy  occurs  from  destruction  of  the  liver 
tissue  in  adult  life.  The  destruction  may  result  from  syphilitic  disease 
trom  pressure  of  hydatids,  from  cicatrices,  and  even  from  cirrhosis  The 
region  of  the  atrophy  will  determine  that  of  the  hypertrophy  •  some- 
times the  left  lobe  or  the  lobus  Spigelii  undergoes  great  enlargement. 

ihcre  are  some  cases  in  which  the  liver  as  a  whole  is  enlarged 
without  any  apparent  alteration  in  structure,  as  if  from  a  general 

3t  ° 


1026 


THE  LIVER. 


hypertrophy.  This  is  commonly  the  case  in  rickets.  The  liver  is 
usually  but  not  always  enlarged  in  diabetes. 

literature.— Hess,  Virch.  Arch.,  cxxi. ;  Meisteb,  Centralbl.  f.  allg.  Path.,  ii., 
1891;  PoDWYSSOZKi,  Ziegler's  Beitviige,  i.,  1886;  Ponfick,  Festschr.  f.  Vh-chow, 
1891;  Coats,  Proc.  Lond.  Med.  Soc,  vii. 


VI.— INFLAMMATIONS  OF  THE  LIVER. 

1.  Suppurative  hepatitis.— Acute  suppurative  inflammation  occurs 
in  connection  with  septic  processes,  which  have  been  propagated  to 
the  liver. 

(a)  The  Tropical  abscess  is  scarcely  ever  met  with  in  this  country, 
except  in  persons  who  have  been  in  hot  climates,  especially  in  India. 
Much  doubt  exists  as  to  the  cause  of  the  inflammation  which  gives  rise 
to  the  abscess.    In  a  large  proportion  of  cases  it  is  associated  with 
dysentery,  and  it  is  believed  by  many  that  the  abscess  m  the  bver 
arises  by  the  amoeba  coli  or  by  septic  microbes  being  earned  from  the 
ulcerated  intestine  to  the  liver.    This  view,  however,  is  not  beyond 
question,  and  post-mortem  examination  shows  that  tropical  abscess 
is  by  no  means  uniformly  associated  with  dysentery.    It  is  possible 
indeed,  that  an  existing  abscess  by  causing  congestion  of  the  portal 
circulation  may  predispose  to  inflammation  of  the  intestine  (Fmlayson). 
It  is  not  unlikely  that  certain  states  of  the  liver  predispose  to  the 
development  of  the  agents  in  question,  and   that   they  may  find 
entrance  to  the  body  without,  any  lesion  of  the  intestme. 

A  confirmation  of  this  view  is  furnished  by  the  fact,  testified  by  Dr.  David  Wilkie 
of  Simla,  that  in  India,  while  the  death-rate  from  dysentery  ^mong  natives  :s  no 
?ar  from  that  among  Europeans,  that  from  hepatitis  xs  proportionally  gxeate 
amongsTEuropeans,  probably  from  predisposition,  brought  about  by  then-  mod  o^ 
l^ng  and  racial  characteristics.  Thus  in  the  European  and  -tive  armies  f  om 
IfiJ?  to  1886  the  death-rate  from  dysentery  per  1000  men  was  1-33  and  1  2- 
1877  to  J.B80  mb  ueci  ,  9-27^  whereas  the  death-rate  from 

vpsTDectively  or,  including  diarrhuja,  1-57  ana  J,  ^i),  wueietio 

Sng  dy-ntery  and  diarrhea,  1877-1886,  19-13;  hepatitis,  0-22. 

The  abscess  is  mostly,  but  not  always  solitary  and  before  death  it 
cenerallv  -rows  to  large  dimensions,  causing  great  enlargement  of  the 
fve  -  Having  approa^ched  the  surface,  it  sometimes  causes  a  marked 
pro  ection  from  tie  liver.  The  abscess  may  rupture  into  the  pen  oneu^, 
Td  cause  fatal  peritonitis,  or  its  capsule  having  become  adherent  to  the 
:  1:^:1  walUt  may  subsequently  find 

the  bodv  and  there  discharge.    It  also  occasionally  buists  in  ot.u 
dtcdons',  as  through  the  diaphragm  into  the  pleural  cavity  or  lung ; 
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into  the  colon  or  other  part  of  the  intestine ;  or  into  the  gall-bladder, 
from  which  the  pus  is  carried  to  the  duodenum.  In  these  various 
ways  the  pus  may  be  disposed  of  and  perhaps  recovery  occur,  but 
more  frequently  a  wasting  discharge  from  the  cavity  of  the  abscess 
remains. 

In  other  cases  the  abscess  does  not  enlarge,  but  rather  dries-in.  A 
thick  connective  tissue  capsule  forms  around  it  like  the  wall  of  a 
cyst,  and  the  pus  thickens  to  a  cheesy  consistence.  Afterwards  the 
contents  may  become  calcareous  and  the  disease  may  become  virtually 
obsolete. 

{b)  Pyaemic  abscesses  are  produced  hy'  pyogenic  micrococci  conveyed 
to  the  liver  by  the  blood.  They  may  be  carried  by  the  hepatic  artery, 
in  which  case  they  have  generally  been  absorbed  from  a  septic  wound 
and  have  traversed  the  lungs.  Such  abscesses  will  usually  be  associated 
with  similar  metastatic  abscesses  in  the  lungs.  On  the  other  hand,  the 
microbes  may  be  conveyed  by  the  portal  vein,  being  associated  with  a 
septic  thrombo-phlebitis  in  its  radicles,  or  in  the  vein  itself  The  author 
has  twice  seen  abscesses  in  the  liver  from  the  ulceration  of  gall-stones 
into  the  portal  vein  and  consequent  thrombo-phlebitis. 

Where  the  source  of  infection  is  in  the  systemic  venous  system  the 
abscesses  may  form  without  any  visible  thrombosis  or  embolism  of  the 
portal  or  hepatic  vessels.  It  appears  that,  if  the  microbes  are  in  the 
blood  reaching  the  liver,  they  may  settle  there  just  as  other  granular 
matter  may  do. 

The  microbes  multiply  and  form  zooglcea  in  the  capillaries  and  inter- 
lobular veins,  passing  into  the  central  veins.  Wherever  the  colonies 
extend  the  liver  tissue  undergoes  necrosis,  the  cells  lose  their  nuclei 
and  become  individually  indistinguishable.  Inflammation  is  produced 
around,  and  there  is  here,  as  elsewhere  under  similar  circumstances,  an 
acute  suppurative  inflammation.  The  round  cells  accumulate  around 
the  necrosed  portion,  and  gradually  infiltrate  it  and  break  it  down,  so 
that  an  abscess  forms. 

The  abscesses  in  this  form  are  always  multiple,  and  some  of  them 
may  attain  large  dimensions.  In  accordance  with  what  has  been 
stated  the  actual  abscess  is  preceded  by  a  grey  or  yellowish  discoloration 
mdicatmg  the  existence  of  necrosis  of  the  tissue.  There  will  be  probably 
a  group  of  such  areas  corresponding  to  necrosed  hepatic  lobules  Ulti- 
mately these  break  down  and  form  a  common  abscess. 

('0  Biliary  abscesses  occasionally  form  in  connection  with  obstruc- 
tion of  the  ductus  choledochus.  This  will  result  when  decomposition 
0  curs  m  the  stagnant  bile  and  extends  into  the  ducts  in  the  substance 
ot  the  liver.    (See  further  on  under  Obstruction  of  Bile  Ducts  ) 
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2.  Chronic  interstitial  hepatitis.  Cirrhosis.— We  have  to  do  here 
with  a  chronic  inflammation  of  the  interstitial  connective  tissue  of  the 


organ 


Causation.— As  the  disease  occurs  for  the  most  part  homogeneously 
throughout  the  organ,  the  irritant  is  contained  in  the  blood  circulating 
in  the  liver.    The  name  "gin-drinker's  liver,"  frequently  applied  to 
this  disease,  involves  the  view  that  alcohol  is  commonly  the  irritant. 
Alcohol  taken  frequently  in  the  form  of  undiluted  spirits  is  believed  to 
cause  the  disease,  while  beer  and  wine  do  not.    But  the  disease  may 
originate  from  other  kinds  of  irritation  whose  nature  is  obscure.   It  has 
been  produced  experimentally  by  chronic  poisoning  with  phosphorus 
and  cantharides,  and  it  probably  occurs  also  as  a  result  of  syphilis.  It 
has  been  met  with  in  young  children,  and  the  author  has  recorded  a 
case  in  which  a  typical  cirrhosis,  with  the  usual  secondary  phenomena, 
occurred  in  a  cat.    The  fact  that  it  was  a  butcher's  cat  may  indicate 
that  it  indulged  in  excess  of  eating  rather  than  of  drinking.  Greenfield 
has  also  recorded  two  cases  of  cirrhosis  in  the  cat. 

Obstruction  of  the  bile  ducts  has  been  asserted  as  a  cause  of  cirrhosis, 
and  a  special  form  of  Biliary  cirrhosis  has  been  distinguished.  There 
are  undoubtedly  cases  which  have  this  origin,  but,  on  the  other  hand, 
there  are  many  cases  of  biliary  obstruction  with  no  such  result.  In 
any  case  biliary  cirrhosis  forms  a  small  proportion  of  the  cases  ot 
cirrhosis  and  on  the  whole  the  disease  is  hsematogenous  in  its  ongm. 

Character  of  the  lesions.-In  cirrhosis  we  have  chronic  inflammation 
of  the  connective  tissue  of  the  liver,  resulting  in  new-formation  of  a 
similar  tissue.  The  interstitial  connective  tissue  of  the  liver  follows,  as 
we  have  seen,  the  portal  vessels,  forming  a  framework  in  which  are 
supported  the  portal  vein  and  its  branches,  the  hepatic  arteiy  and 
hepatic  duct.  The  new-formation  occurs  in  the  great  majority  of  cases 
only  in  these  regions,  that  is  to  say,  outside  the  lobules.  In  the  earher 
stales  the  affected  connective  tissue  is  abundantly  cellular,  like  granu- 
lati°on  tissue,  and  the  process  of  new-formation  is  evidently  similar  in  its 
details  to  that  in  other  chronic  inflammations  (see  iig  014). 

A  a  general  rule  the  new-formed  tissue  undergoes  development  in  o 
dense  connective  tissue  which  has  a  tendency  to  shrink.  By  its  slm  k- 
tg    cLes  Atrophy  of  the  proper  hepatic  tissue.    As  the  cin-ho^^^  s 
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cut  off.  By  the  contraction  of  the  new-formed  tissue  the  portal  vessels, 
and  especially  the  interlobular  branches,  are  narrowed.  The  hepatic 
artery  is  not  much  affected  by  the  contracting  tissue.  Indeed,  as  the 
hepatic  ai'tery  supplies  the  active  connective  tissue  there  is  a  new- 
formation  of  capillary  blood-vessels  in  connection  with  its  terminal 
branches.  Injected  prepai'ations  show  that  the  hepatic  artery 
is  pervious,  and  that  the  new-formed  connective  tissue  is  highly 
vascular. 

The  destruction  of  the  hepatic  cells  takes  place  to  a  large  extent 
by  fatty  degeneration,  and  one  can  often  see,  in  the  midst  of 


"o  j. 


..  I' 


Fig.  i;i4.— .CirrliDsis  of  the  liver,    x  40. 


connective  tissue,  islands  representing  hepatic  tissue  consisting  of 
httle  more  than  collections  of  oil-drops.  The  hepatic  tissue  is  also 
commonly  stamed  with  bile  pigment  of  a  yellow  or  brown  colour  and 
this  we  may  associate  with  obstruction  of  the  bile  ducts  by  the  con- 
tracting connective  tissue.  For  the  most  part  the  pigment'is  biliary 
but  It  IS  also  to  some  extent  blood  pigment  arising  from  the  obstruction 
to  the  circulation.  The  connective  tissue  is  also  commonly  stained,  and 
to  the  naked  eye  the  cut  surface  has  a  yellow  colour,  sometimes  with 
here  and  there  quite  an  orange  tint.  The  name  of  the  disease,  cirrhosis, 
was  originally  applied  from  the  colour  of  the  altered  or-an 

A  prominent  feature  in  microscopic  examination  in  nmny  cases  is  the 

'  n"^'''^  ""^^^  ''^'^  epithelium,  which  are 

usually  described  as  Capillary  bile  ducts.    They  are  present  in  the 
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midst  of  the  connective  tissue,  sometimes  very  abundantly,  and,  as  no 
such  ducts  exist  there  normally,  they  are  in  a  certain  sense  new-formed. 
By  some  authors  (especially  Charcot  and  Gombault)  they  are  regarded 
as  entirely  new-formed,  and  their  existence  is  taken  as  characteristic 
of  a  special  form  of  cirrhosis.  They  are,  however,  to  be  found  in  all 
forms  of  cirrhosis,  and  arc  probably  to  be  regarded  as  the  biliary 
capillaries,  which  have  survived  the  destruction  of  the  hepatic  tissue. 
The  larger  bile  ducts,  which  run  in  the  capsule  of  Glisson,  are  unaltered, 
apparently  not  being  affected  by  the  shrinking  connective  tissue. 

In  its  macroscopic  appearances  the  livei-  varies  considerably.    In  the 
earlier  stages  it  is  enlarged,  but  as  a  result  of  the  changes  detailed  above 
it  undergoes  atrophy  and  distortion.    The  connective  tissue  contracts, 
and  as  it  is  irregularly  distributed  the  contraction  is  irregular.  The 
surface  of  the  organ  presents  larger  or  smaller  projections  consisting  of 
the  less  affected  hepatic  tissue  between  the  cicatricial  depressions. 
These  projections  may  be  comparatively  large,  forming  the  Hob-nail 
appearance    of   the  surface,   or   they  may  be   smaller,  giving  a 
generally  granular  appearance.    They  are  usually  yellow  or  brown 
and  opaque,  being  fatty  and   stained   with  pigment.  Sometimes 
there  is  special  shrinking  of  the  left  lobe,  and  generally  there  is 
drac^o-ing  in  of  the  edges,  so  that  the  liver  assumes  more  of  a  compacted 
form  being  perhaps  even  thicker  than  usual,  but  reduced  in  superficies. 
It  is  'dense  to  the  feeling,  and  more  tough  to  cut  than  normal.    On  the 
cut  surface  it  may  be  possible  with  the  naked  eye  to  make  out  the  grey 
connective  tissue,  with  islands  of  opaque  or  pigmented  hepatic  tissue 
in  it. 

The  terms  Biliary  cirrhosis  and  HypertropMc  cirrhosis  are  in  frequent  use 

espec  al  y  S  French  medical  literature.    The  former  of  these  was  used  by  Charcot 

o Tnd^ate  the  mode  of  origin  of  the  aiiection,  the  expression  md.catmg  that  the 

Lr  tat  on  extended  from  the  bile-ducts.    This  form  was  distmgmshed  m  .ts  causa- 

on  from  the  hematogenous  or  venous,  in  which  the  imtatjon  -  .ended  fx om  the 

h  nnrl  vessels     The  biliary  form  arises  in  connection  with  obstruction  and  mflam_ 
blood-vessels^    1  e  b      y  ^^^^^  ^^^^  ^^^^^^.^^^^  ^^^^.^^^ 

mation  of  the  bile  aucis.    lu  new-formation  of  connec- 

Pninhnult  two  distinctive  features,  namely  (1)  that  tlie  new  loimauu 
1  tis"u  'ex  sts  somewhat  uniformly,  so  that  the  individual  lobu  es  are  surround  d 
bv  t  X so-called  Monolohular  cirrhosis;  and  (2)  that  the  -^-^^^  ^cf 

V  7e  1  to  are  visible.  To  this  last  condition  great  importance  has  been  a ttache d. 
'tT  if  to  b   acknowledged  as  a  result  of  experiment  that  obstruction  of  the  bile 

1  .  lids  to  an  increase  of  connective  tissue  in  the  liver,  and  to  a  monolobu  av 
ducts  leads  to  an  inuicaoc  hiliarv  obstruct  on.    It  did 

time,  as  cirrhosis  is  by  no  means  a  constant  lesult  y 
be  an  element  yet  to  be  elucidated. 
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Hypertrophic  cirrhosis  is  a  name  given  by  another  French  author,  Hanot,  and  it 
applies  to  the  same  class  of  cases.  The  biliary  monolobular  cirrhosis  is  character- 
ized by  hypertrophy  of  the  liver. 

The  ordinary  alcoholic  cirrhosis  in  its  early  stage  may  show  considerable  hyper- 
trophy, the  new-formation  may  be  monolobular  in  its  distribution,  and  there  may 
be  the  most  marked  new-formation  of  capillary  ducts. 

The  author  is  able  to  refer  to  a  case  which  he  examined  post  mortem.  It  was 
carefully  watched  for  six  weeks  during  life  by  Sir  William  Gairdner.  When  first 
observed  there  was  great  enlargement  of  the  liver,  and  there  was  reason  to  believe 
that  it  had  been  greater.  The  patient  had  been  addicted  to  alcohol  for  over  two 
years.  There  were  hremorrhages  from  stomach  and  bowels,  and  marked  ascites,  but 
little  or  no  jaundice.  After  death  the  liver  was  found  small,  weighing  43  oz.,  and 
finely  granular  on  the  surface.  There  was  a  great  excess  of  connective  tissue,  which 
presented  many  round  and  spindle-shaped  cells,  and  was  monolobular  in  its  distri- 
bution. The  hepatic  cells  contained  abundant  fat  in  small  and  large  drops.  In 
this  case  the  cirrhosis,  although  monolobular  and  at  one  period  hypertrophic,  was 
not  connected  with  obstruction  of  the  bile  ducts. 

Outside  the  liver  the  principal  changes  depend  on  Obstruction  of  the 
portal  circulation.  The  connective  tissue  narrows  the  portal  vessels  in 
the  liver,  and  this  leads  to  a  chronic  passive  hyperasmia  in  all  the 
radicles  of  this  vein,  in  the  peritoneum,  in  the  mucous  membrane  of  the 
stomach  and  intestine,  in  the  spleen,  and  so  on.  The  most  frequent 
consequence  is  ascites,  but  we  also  meet  with  hasmorrhages  from  the 
mucous  membranes,  especially  of  the  stomach  and  large  intestine,  as 
well  as  catarrh.  The  spleen  also  is  enlarged.  Occasionally  thrombosis 
of  the  hepatic  vein  results,  and  this  may  extend  to  the  vena  cava. 
A  very  large  hasmorrhagic  infarction  of  the  lung  was  observed  by  the 
author  as  a  result  of  embolism  from  a  softened  thrombus  of  this  kind. 

The  obstruction  of  the  portal  vein  often  leads  to  widening  of  the 
venous  channels  which  form  communications  betAveen  the  portal  radicles 
and  the  Systemic  veins.  In  this  way  we  may  have  great  dilatation  of 
the  internal  hiBmorrhoidal  veins  (leading  to  piles)  and  of  the  hypogastric 
veins.  The  cutaneous  branches  of  the  latter  often  stand  out  promi- 
nently on  the  abdominal  wall.  The  htemorrhoidal  veins  also  com- 
municate with  the  vesical,  and  these  latter  may  undergo  dilatation. 
There  may  also  be  widening  of  the  communications  between  the  veins 
of  the  diaphragm  and  (esophagus,  which  have  sometimes  been  found 
highly  varicose.  Another  channel  occasionally  met  with  is  a  small 
vein  which  runs  from  the  portal  vein  to  the  umbilicus.  In  some 
cases  this  is  so  much  enlarged  as  to  approach  the  size  of  the  portal 
vein  itself. 

The  patient  generally  dies  from  the  disorders  due  to  the  continuous 
passive  hyperajmia— the  persistent  catarrh  of  the  alimentary  canal, 
perhaps  with  hsemorrhages,  the  ascites,  etc.    There  is  great  emaciation 
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and  sometimes  icterus.  It  is  not  clear  that  the  mere  loss  of  the  function 
of  the  liver  bears  an  important  part  in  the  fatal  result. 

3,  Perihepatitis. — This  condition  is  an  inflammation  of  the  capsule 
of  the  liver,  and  it  is  always  secondary  to  some  other  lesion.  A  chronic 
pleurisy  of  the  right  side  often  extends  through  the  diaphragm,  and 
causes  inflammation  of  the  subjacent  peritoneum,  including  the  under 
surface  of  the  diaphragm  and  upper  surface  of  the  liver,  so  that  firm 
adhesion  is  the  result.  This  is  often  the  case  in  phthisis  pulmonalis. 
A  general  chronic  or  acute  peritonitis  usually  involves  the  capsule  of 
the  liver  as  well  as  other  parts  of  the  peritoneum.  Sometimes  cirrhosis 
or  syphilitic  disease  of  the  liver  extends  to  the  capsule. 

The  inflammation  is  in  most  cases  chronic,  and  results  in  a  thickening 
of  the  capsule.  Sometimes  there  are  shaggy  papilliform  projections 
from  the  capsule,  and  there  is  frequently  adhesion  to  the  parts  around, 
especially  to  the  diaphragm.  The  thickened  capsule  undergoes  con- 
traction like  the  new-formed  connective  tissue  in  other  inflammations, 
and  the  result  frequently  is  considerable  deformity  of  the  liver.  The 
capsule,  contracting  all  round  the  liver,  doubles-in  its  anterior  edge, 
causing  the  organ  to  assume  an  approach  to  the  globular  shape.  The 
contraction  causes  also  atrophy  of  the  liver  tissue,  and  seriously  inter- 
feres with  the  circulation  in  the  organ. 

UteTai,t\n:e.—Suppurative{nflammations—F]iEiLicBS,  loc.  cit.;  Muechison,  loc.  cit.; 
Buckling,  36  Falle  v.  Leberabscess.,  1868  ;  Klebs,  Handb.,  ii. ;  Budd,  Dis.  of  Hver, 
2nd  ed.,  1852;  Dickinson,  Path.  Trans.,  xxxii.,  1881;  Fateer,  Tropical  dysentery 
and  diarrhcEa,  liver  abscess,  etc.,  1881;  Finlayson  (with  literature),  Glas.  Med. 
Jour.,  v.,  1873.  Cirrhosis— Bvdb,  Feeeichs,  etc.,  loc.  cit.;  Liebermeister,  Beitriige 
z.  path.  Anat.  u.  Klinik  der  Leberkrankheiten  ;  Charcot,  Lemons  sur  les  malad.  du 
foie,  1877;  Hanot,  Cirrhose  hypertrophique  avec  ict^re.,  1876;  Saundby,  Path. 
Trans,  xxx.,  1879  ;  Legg  (Expers.  by  ligature  of  bile  duct),  St.  Earth.  Hosp.  Eep., 
ix  1873  •  OsLEE,  Med.  Times  and  Gazette,  1881 ;  Deeschfeld,  Jour,  of  Anat.  and 
Phys.,  XV.;  Beieger,  Virch.  Arch.,  Ixxv.,  1879;  Kronig  (Cirrhosis  from  phos- 
phorus-poisoning), Virch.  Arch.,  ex.,  1887;  Eolleston  and  Hayne,  Brit.  Med. 
Jour,  i.,  1901. 

VII. -SYPHILIS  AND  TUBEBCULOSIS  OF  THE  LIVER. 
1  Syphilis.— The  changes  in  the  liver  in  syphilis  are  very  marked 
and  somewhat  frequent.  It  manifests  itself  for  the  most  part  as  an 
indurative  interstitial  inflammation,  with  or  without  the  formation  of 
gummata.  There  may  be  a  Cirrhosis  indistinguishable  from  the  ordi- 
nary forms  of  this  disease,  and  only  judged  to  be  syphilitic  ft-om  other 
circumstances.  Sometimes  in  the  midst  of  the  general  new-formation 
of  connective  tissue  there  are  numerous  Small  gummata  about  the 
size  of  peas,  distinguished  especially  by  their  caseous  condition. 
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For  the  most  part,  however,  the  disease  is  localized.  To  the  naked 
eye  the  liver  is  seen  to  present  one  or  several  Cicatrices  which  often 
nuike]fdeep  indentations  in  its  surface.  These  cicatrices  arc  most 
frequent  in  the  neighbourhood  of  the  suspensory  ligament.  On  cutting 
into  the  middle  of  the  cicatrix  a  Gumma  with  its  central  part  caseous 
is  usually  divided.  The  periphery  of  the  gumma  is  not  distinctly 
demarcated  from  the  surrounding  connective  tissue  which  extends  out- 
wards into  the  hepatic  tissue.  Other  gummata  may  be  found  more 
deeply  in  the  liver  tissue,  and  these  also  are  surrounded  by  cicatricial 
tissue. 


Fig.  01  j.—  Guimiiii  of  the  liver,    x  40. 


The  cicatrix  is  composed  of  fibrous  tissue,  and  the  gumma  itself 
frequently  presents  irregular  strands  of  connective  tissue,  but  giving 
place  to  round-cell  tissue.  The  caseous  portion  contains  merely 
granular  debris  (see  Fig.  615).  Sometimes  at  the  periphery  of  the 
gumma  there  is  great  dilatation  of  blood-vessels,  giving  almost  a 
cavernous  appearance. 

When  there  are  a  considerable  number  of  gummata,  the  cirrhosis 
may  be  nearly  continuous,  but  with  special  cicatricial  contractions  at 
intervals  con'esponding  to  the  gummata.  The  liver  in  this  way  may 
assume  a  very  striking  appearance,  as  if  subdivided  into  manifold  small 
lobes.  Be  the  cicatrices  large  or  small  in  number,  the  lobed  and 
subdivided  condition  is  characteristic  of  the  syphilitic  liver. 
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The  liver  is  sometimes  found  aflfected  in  infants  who  are  the  subjects 
of  Congenital  syphilis  (see  page  184).  It  may  be  a  general  induration 
forming  a  cirrhosis,  usually  with  enlargement  and  perhaps  numerous 
small  gummata ;  or  the  induration  may  be  more  localized,  but  never 
with  that  cicatricial  condition  which  we  find  in  acquired  syphilis.  The 
connective  tissue  formation  in  this  case  does  not  confine  itself  to  the 
neighbourhood  of  the  portal  vessels,  but  extends  into  the  lobules,  so 
that  between  the  cells  and  around  the  capillaries  there  is  connective 
tissue,  forming  the  so-called  Monocellular  cirrhosis  of  Charcot. 

2.  Tuberculosis. — Secondary  tuberculosis  of  the  liver  is  very  frequent, 
while  primary  tuberculosis  is  exceedingly  rare. 


Fig.  OK).-— Tubercles  in  the  liver  in  acute  geueral  tuberculosis,  x 


Primary  tuberculosis,  in  the  few  cases  which  have  been  recorded, 
was  in  the  form  of  solitary  tubercles  like  those  in  the  brain.  In  one 
recorded  case  the  mass  reached  the  size  of  the  fist. 

Secondary  tuberculosis.— In  ordinary  local  tuberculosis  of  various 
organs  a  few  bacilli  get  into  the  blood  and  reach  the  liver  at  mtevv^h, 
where  the  conditions  of  the  circulation  allow  of  their  settlement.  The 
resulting  tubercles  are  so  small  as  to  be  scarcely  visible  to  the  naked 
eye  The  tubercles  are  not  very  numerous  but  sutticiently  so  u.s 
to  be  readily  detected  in  microscopic  sections.  In  this  class  of  cases 
the  tubercles  are  in  various  stages,  most  of  them  old  and  degenerated 
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in  their  central  parts.  Small  tubercles  are  thus  frequent  in  the 
liver,  yet  they  rare!}-  attain  to  more  than  microscopic  dimensions,  and 
the  condition  can  scarcely  be  called  a  tuberculosis. 


I'Mk.  I'llS.— Tuborcnlosis  of  the  liver  extending  by  the  ))ilc  ducts. 


In  acute  miliary  tuberculosis  the  bacilli  are  abundant  in  the  blood 
and  the  tubercles  in  the  liver  are  very  numerous,  although  still  so  small 
as  to  be  with  difficulty  seen  with  the  naked  eye  (Figs.  616  and  617). 
The  tubercles  here  are  usually  found  in  an  earlier  stage  and  they 
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present  the  typical  structure,  the  giant-cells  being  often  very 
prominent.  • 

A  rare  form  is  Tuberculosis  of  the  bile  ducts.  It  occurs  in  the 
form  of  large  caseous  nodules  with  cavities  in  the  centres  which  are 
filled  with  softened  matter  coloured  with  bile.  The  wall  of  the  cavities 
shows  tubercles.  It  is  possible  that  in  this  form  the  extension  may  be 
by  the  lymphatics  from  the  porta  of  the  liver  (see  Fig.  618). 

Besides  syphilis  and  tuberculosis  we  have  Glanders  manifesting  itself 
in  the  liver,  especially  in  horses.  The  nodules  are  moderate  in  size 
and  tend  to  calcify.  In  Actinomycosis  the  liver  is  often  secondarily 
involved  (see  Fig.  88,  p.  217).  Leprosy  produces  nodules  in  the 
connective  tissue.  There  are  also  new-formations  occasionally  in 
typhoid  fever  and  diphtheria. 

VIIL— TUMOURS  AND  PARASITES  OF  THE  LIVER. 

Cavernous  angioma  of  the  liver  is  the  commonest  form  of  primary 
tumour.  Its  structure  has  already  been  described  (see  p.  308  and 
Fig.  138).  It  develops  apparently  by  dilatation  of  the  existing  capil- 
laries and  atrophy  of  the  intervening  hepatic  cells,  so  that  the  tumour 
replaces  a  certain  portion  of  hepatic  tissue.  When  seated  immediately 
under  the  capsule  the  tumours  are  visible  as  red  blotches,  and  on 
section  they  have  a  red  colour  and  collapsed  appearance.  Usually  it  is 
only  after  the  blood  is  washed  out  that  the  white  trabeculse  become 
visible.  The  tumours  present  great  varieties  of  size  and  may  be  as 
large  as  the  fist.  They  occasionally  project  outwards  from  the  general 
surface  of  the  liver,  but  are  generally  level  with  this  surface.  In  a 
case  recently  recorded  by  Mantle  an  unusually  large  tumour,  measuring 
12  by  8  inches,  projected  downwards  from  the  right  lobe  and  occupied 
the  right  iliac  fossa. 

A  case  has  been  described  by  Ziegler  of  multiple  Tibroneuroma  in 
the  liver  on  the  fibres  of  the  sympathetic,  there  being  similar  tumours 
on  the  various  nerves  of  the  body  except  the  olfactory  and  optic. 

Cysts  are  not  infrequent  in  the  liver,  and  they  may  be  multiple.  It 
is  curious  that  multiple  cysts  of  the  kidneys  and  liver  frequently 
co-exist,  both  forms  being  probably  of  congenital  origin.  The  cysts  in 
some  cases  replace  a  considerable  portion  of  the  liver  tissue.  A  grou2i 
of  bulky  thin- walled  cysts  occupies  a  large  part  of  the  liver  substance. 
There  is  rarely  an  extreme  transformation  of  the  whole  liver  or  a  great 
part  of  it,  such  as  occurs  in  cystic  transformation  of  the  kidneys. 
,  In  Leukaemia  the  liver  is  very  frequently  the  seat  of  new-formations. 
This  may  take  the  form  of  a  general  infiltration  of  the  interstitial  con- 
nective tissue,  but  it  often  occurs  as  individual  small  nodules,  somewhat 
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resembling  miliaiy  tubercles  but  without  the  presence  of  giant-cells  or 
any  tendency  to  caseation.  The  round  cells  which  form  the  nodules 
haA^e  been  observed  to  show  evidences  of  karyomitosis.  The  capillaries 
are  commonly  filled  with,  leucocytes  and  the  liver  as  a  whole  is  much 
enlarged.  Similar  conditions  are  observed  sometimes  in  Hodgkin's 
disease. 

Concerning  Adenoma  of  the  liver  there  is  considerable  variety  in 
statement  and  opinion,  mainly  because,  on  the  one  hand,  this  form  of 
tumour  is  rare,  and,  on  the  other,  there  are  tumours  concerning 
which  it  is  difficult  to  say  whether  they  should  be  called  cancers  or 
adenomas.  The  form  designated  Nodular  hyperplasia  is  clearly  an 
adenoma,  and  the  name  may  with  convenience  be  confined  to  this  form,. 


Fig.  ilin. — Priuuiry  ciuicer  of  the  liver  with  secondary  nodules.  The  bulky  ttniiuur 
in  the  anterior  part  of  the  right  lobe  is  the  jirimary  cancer.  (From  a  paintinK  by 
Dr.  A.  Macpuail.) 

as  the  other  so-called  adenomas  have  more  the  habit  of  cancers.  It 
occurs  as  well-defined  solitary  or  multiple  tumours  which  have  a  similar 
structure  to  the  proper  hepatic  tissue,  except  that  the  cells  are  usually 
larger  and  some  have  double  nuclei  (see  Fig.  155,  p.  319).  If  single 
the  tumour  may  reach  the  size  of  a  cherry  or  larger ;  if  multiple  the 
tumours  are  usually  smaller.  The  larger  ones  are  sometimes  surrounded 
by  a  connective  tissue  capsule.  These  tumours  are  of  no  practical 
consequence  and  are  met  with  accidentally.  They  are  not  uncommon 
in  the  liver  of  the  dog. 

Adenoma  of  the  liver  is  not  infrequently  associated  with  Cirrhosis, 
but  the  nature  of  the  connection  is  not  apparent. 

Primary  cancer.— This  form  of  tumour  is  infrequent  compared  with 
secondary  cancer,  but  in  itself  is  not  very  uncommon.    It  occurs  some- 
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times  as  a  massive  tumour  involving  a  large  part  of  the  liver,  but  in 
iidclition  to  this  large  tumour  there  are  frequently  numerous  secondary 
ones  in  the  liver  substance  (see  Fig.  619).  In  some  cases  the  growth 
seems  to  arise  from  the  bile  ducts  at  the  porta  of  the  liver,  and  to 
extend  into  the  substance  of  the  organ.  In  regard  to  structure  several 
forms  have  been  distinguished,  of  which  the  principal  are  these  : 

Cylinder-celled  epithelioma  is  a  rare  form  of  tumour  in  the  liver  ;  it 
is  sometimes  described  under  the  name  of  tubular  adenoma.  In  its 
structure  it  closely  resembles  the  similar  tumours  of  the  stomach  and 
rectum,  consisting  of  tubular  gland-like  processes  with  cylindrical 
epithelium.  As  is  usual  with  this  class  of  tumours  the  cells  in  many 
■of  the  alveoli  are  variously  shaped  and  the  typical  structure  is  only 
visible  at  the  growing  margins.  There  may  be  several  tumours  or  one 
large  one.  The  structure  of  the  tumour  suggests  an  origin  from  the 
hepatic  ducts,  but  according  to  Rindfleisch  the  gland  processes  arise 
from  the  hepatic  cells  inside  the  lobules.  This  form  of  tumour  is  not 
usually  malignant,  but  in  a  case  recorded  by  Greenfield  secondary 
extension  to  a  lymphatic  gland  and  to  the  lungs  had  occurred. 

Primary  cancer  in  the  liver  has  more  frequently  the  structure  of 
Ordinary  cancer,  which  sometimes  has  the  dense  characters  of  Scirrhus. 
It  may  involve  a  considerable  portion  of  the  liver,  perhaps  the  whole 
left  lobe,  and  by  shrinking  reduce  it  to  small  dimensions.  In  structure 
the  tumour  presents  the  ordinary  characters.  At  the  marginal  parts  it 
may  be  seen  sending  processes  into  the  hepatic  capillaries  and  into  the 
branches  of  the  portal  and  hepatic  veins. 

There  are  also  cases  of  so-called  Infiltrated  or  Diffuse  cancer  in  which 
the  whole  liver  is  aflfected.  The  organ  is  enlarged  and  granular  on  the 
surface,  resembling  the  appearances  in  cirrhosis.  There  is  here  also  a 
great  increase  of  connective  tissue,  but  in  its  meshes  there  is  cancerous 
and  not  liver  tissue.  This  form  is  sometimes  called  Cirrhosis  carcino- 
matosa.  It  is  as  if  there  had  been  a  great  transformation  or  replace- 
ment of  the  liver  tissue  by  cancer. 

Lastly  there  is  the  form  in  which  the  cancer  originates  in  the  larger 
ducts  and  extends  along  the  capsule  of  Glisson.  The  radiating  ajDpear- 
ance  of  the  new-formation  is  visible  in  this  form,  and  there  is  also 
obstruction  of  the  ducts  with  retention  of  the  bile  and  . icterus. 

Secondary  cancer. — This  is  of  very  frequent  occurrence  in  the  liver. 
There  may  be  a  direct  extension  of  a  cancer  from  the  gall-bladder  or 
the  stomach.  In  the  latter  case  the  organ  becomes  adherent  and  the 
cancer  grows  into  the  liver.  There  may  thus  be  a  large  tumour,  some- 
times with  a  cavity  communicating  with  an  ulcerated  surface  in  tlic 
stomach. 
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Metastatic  cancer  is  more  frequent.  The  primary  tumour  is  usually 
in  the  stomach  or  intestine,  but  it  may  be  in  the  cesophagus,  uterus, 
mamma,  or  elsewhere.  In  most  cases  the  cancer  extends  to  the  liver 
by  the  portal  vessels  (see  further  on  as  to  Extension  of  Cancers  in  the 
Abdomen),  but  it  may  also  occur  by  the  hepatic  artery  in  cases  of 
cancer  of  the  mamma  and  other  external  parts. 

As  the  cancer  is  sown  in  every  part  of  the  liver,  the  consequence  is 
the  development  of  numerous  tumours  which  may  be  found  in  all 


Fig.  020.— Secoudary  cancer  of  the  liver  of  a  cat.  The  primary  growtli  was  in  the 
mammary  region. 


Stages  of  growth  (see  Fig.  620).  It  is  usual  to  find  a  large  number 
of  isolated  tumours  of  circular  form  and  pale  colour  (see  Fig.  621). 
They  are  seated  in  the  liver  tissue,  but  those  near  the  surface  produce 
rounded  elevations  which  can  often  be  felt  through  the  abdominal 
parietes  during  life.  Even  to  the  naked  eye  the  tumours  show 
evidences  of  fatty  degeneration  in  the  appearance  of  an  opaqu^e  yellow 
coloration.  The  absorption  of  the  degenerated  cells  is  also  indicated 
by  the  partial  contraction  of  the  larger  tumours  in  their  central  parts. 
In  the  superficial  ones  a  dimpling  or  Umbilication  *of  the  rounded 
projections  is  commonly  visible.    The  liver,  as  a  whole,  is  sometimes 
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enormously  enlarged,  weighing  not  infrequently  as  much  as  ten  oi- 
twelve  pounds. 

An  exceedingly  rare  form  of  secondary  cancer  is  that  reprcsented-|in 


Fig.  1)2 1. — Piece  of  a  livei-  shnwiug  secondary  cancerous  tumours.  A  large  oue,  a, 
is  viewed  from  the  surface.  Anotlior  large  one,  li,  in  section.  Th'jro  are  sevoral 
smaller  tumours,  c,  c  ;  d,  a  vein  in  section.  (ViRcnow.) 


Pig,  c-^L'.— Cystic  cancer  of  liver.    (From  a  paiuting  by  Ur.  A.  .Ml-Phail.) 

Fig.  622,  in  which  there  was  a  congeries  of  cj^sts  as  well  as  solid 
tumours,  the  walls  of  the  cysts  and  the  tissue  of  the  solid  tumours 
presenting  cancerous  tissue.  The  cysts  arose  by  necrosis  of  the  tissue 
and  contained  blood  and  debris. 
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In  some  cases  the  new-formation  is  not  so  much  in  the  form  of 
individual  tumours  as  a  general  Cancerous  infiltration,  as  if  almost 
throughout  the  liver  a  simultaneous  development  had  occurred,  and 
the  cancerous  tissue  had  grown  vigorously,  displacing  the  proper 
hepatic  tissue. 

In  structure  the  secondary  tumours  follow  the  primary  ones.  For 
the  most  part  it  is  soft  cancers  of  the  stomach  that  form  the  original 
tumours,  and  we  have  a  well-formed  stroma  with  irregular  masses  of 
epithelial  cells.  But  sometimes  the  primary  tumour  is  an  epithelioma, 
and  in  that  case  the  tumours  in  the  liver  are  usually  fewer  in  number, 
firmer  and  more  distinctly  defined.  When  the  primary  tumour  is  in 
the  oesophagus  the  structure  may  be  that  of  the  Flat-celled  epithelioma 
with  the  usual  laminated  capsules.  When  the  primary  tumour  is  in  such 
a  position  that  the  cancer  reaches  the  liver  by  the  hepatic  artery,  the 
tumours  are  usually  smaller  iji  size  and  the  liver  not  so  much  enlarged. 
This  was  at  least  very  strikingly  seen  in  a  case  observed  by  the  author, 
where  the  primary  tumour  was  in  the  mamma. 

The  cancerous  material  as  it  is  brought  by  the  blood  frequently 
develops  inside  the  vessels,  and  particularly  in  the  portal  veins  and 
the  capillaries.  The  growing  tumours  cause  atrophy  of  the  proper 
hepatic  tissue.  The  hepatic  cells  are  often  to  be  seen  at  the  peripheral 
parts  of  the  tumours  arranged  in  concentric  layers  as  pressure  is  exer- 
cised, and  in  various  stages  of  atrophy. 

The  numerous  developing  tumours  press  on  the  bile  ducts  and 
obstruct  them,  and  this  occurs  all  the  more  as  the  growths  mostly  arise 
by  embolism  of  the  portal  vessels,  and  are,  in  the  first  place,  related  to 
them.  As  the  ducts  are  in  the  immediate  neighbourhood  of  these 
vessels,  they  are  liable  to  be  pressed  on  very  soon.  Hence  General 
icterus  is  a  common  result,  and  there  is  also  a  special  Pigmentation  of 
the  hepatic  tissue  (vide  ante). 

The  portal  vessels  suff"er  obstruction,  not  only  by  the  pressure  of  the 
tumours,  but  as  being  the  seat  of  their  primary  growth,  and  hence 
Ascites  is  a  common  result. 

Sarcoma  is  of  occasional  occiu-rence  in  the  liver  in  the  spindle-celled 
and  pigmented  forms.  Some  cases  of  melanoid  sarcoma  have  been 
described  as  primary  tumours,  but  secondary  tumours  following  mela- 
notic sarcomas  of  the  eye  are  more  common.  The  liver  may  be  largely 
occupied  by  these  black  tumours,  and  greatly  enlarged.  Here  also  the 
growth  appears  to  occur  in  the  blood-vessels  and  results  in  the  destruc- 
tion of  the  hepatic  tissue  proper. 

Deciduoma  malignum  in  its  late  stages  may  show  metastases  in  the 
liver  (Fig.  623). 

3u  ' 
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Parasites  of  the  liver. — These  have  already  been  somewhat  fully 
described.  The  most  important  arises  from  the  Taenia  echinococcus, 
and  constitutes  the  Hydatid  of  the  liver.  When  the  liver  is  examined 
after  death  there  is  found  a  sac  or  sacs  of  very  various  size,  up  to  that 
of  a  man's  head.  The  larger  ones  produce  necessarily  great  enlarge- 
ment of  the  liver  as  a  whole,  and  atrophy  of  the  hepatic  tissue  around 
them.  They  present  first  a  connective  tissue  capsule,  inside  which 
the  proper  wall  of  the  cyst  appears.  As  the  vesicles  are  sometimes 
much  broken  down,  and  it  may  even  be  diificult  to  find  booklets, 


Fig.  623.— Metastasis  o£  deciduoma  malignum  in  the  liver.     The  organ  was 
extremely  pale  and  fatty. 

it  is  important  to  remember  that  the  proper  cuticula  of  the  cyst  is 
lamellated.  In  the  contents  of  such  .cysts  there  are  frequently  orange- 
coloured  masses  consisting  of  crystals  having  the  usual  form  of  the 
h^matoidin  or  bilirubin  crystals.  They  are  probably  composed  of 
bilirubin.  The  multilocular  and  exogenous  forms  of  hydatids  have 
been  already  mentioned,  the  former  it  may  be  remembered  resembles 
colloid  cancer  in  its  general  appearance. 

It  is  not  uncommon  to  meet  with  the  remains  of  a  dead  echinococcus 
in  the  liver.  It  shows  a  capsule  which  contains  an  indefinite  debris  in 
which  pieces  of  the  chitinous  membrane  are  visible  (Fig.  624).  There 
may  be  several  such  lesions  present.  In  a  case  of  this  kind  the  author 
found  in  one  of  the  cysts  along  with  calcareous  infiltration  a  production 
of  true  bone  in  the  wall  of  a  small  collapsed  cyst.  In  Fig.  262,  p.  i66, 
a  microscopic  section  of  a  shrunken  hydatid  is  reproduced. 
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The  Distoma  hepaticum,  sinense,  and  lanceolatum  occur  in  the  bile 
ducts,  the  Distoma  haematobium  in  the  portal  vessels.  (See  under 
Animal  Parasites.)  The  Pentastoma  denticulatum  also  occurs  in  the 
liver. 


Fig.  (324.— Portion  of  liver  with  collapsed  hydatid  cyst.    Natural  size. 

Literature. — Nodvlar  hyperplasia — Friedbeich,  Virch.  Arch.,  xxxiii.,  1865; 
Hoffmann,  ibid.,  xxxix.,  1867  ;  Sabourin,  Eev.  de  mkl.,  1884;  Simmonds,  Deutsoh, 
Arch.  f.  klin.  Med.,  xxxiv.,  1886 ;  Greenish,  Wien.  med.  Jahresb.,  1882.  Cavernous 
Angioma— Mm-siSE,  Brit.  Med.  Jour.,  14th  Feb.,  1903.  Primary  cancer — Eind- 
FLEiscH,  Path.  Hist.  (Syd.  Soc),  1872-73;  Greenfield,  Path.  Trans.,  xxv.,  1874; 
Mahomed,  ibid.,  xxviii.,  1877;  Whipham,  ibid.,  xxii.,  1871;  Paul,  ibid.,  xxxvi., 
1885  ;  Waldeyek,  Virch.  Arch.,  Iv.,  1872;  Perls  (Cirrhosis  carcinomatosa),  ibid., 
Ivi.,  1882;  Dreschfeld,  ibid.,  and  Jour,  of  anat.  and  phys.,  xiv.,  1880 ;  Weigeet, 
Virch.  Arch.,  Ixvii.,  1876  ;  Hilton  Fagge,  Path.  Trans.,  xxviii.,  1877 ;  Pyb  Smith, 
ibid.,  xxxi.,  1880  ;  Hanot  et  Gilbert,  Etude  sur  les  malad.  du  foie,  1888.  Cysts— 
Sabourin,  Arch,  de  physiol.  norm,  et  path.,  x.;  1882,  and  Progres  med.,  1884,  No. 
20;  Eecklinghausen,  Virch.  Arch.,  Ixxxiv.,  1881;  Kennedy,  Edin.  Lab.  Eeports, 
iii.,  177,  1891. 


B.— The  Bile-Ducts  and  Gall-Bladder. 

1.  Gall-stones.— These  are  of  very  frequent  occurrence,  especially  in 
people  past  middle  life,  and  they  are  often  found  in  the  gall-bladder 
after  death  without  their  existence  having  been  suspected  during  life. 

The  cause  of  their  formation  is  very  obscure.  They  are  formed  in 
the  gall-bladder  by  the  deposition  of  the  constituents  of  the  bile,  chiefly 
cholesteanne  and  next  to  that  bile  pigments,  but  also  lime  and  mag- 
nesia salts  in  varying  proportions.  Probably  stagnation  of  the  bile  in 
the  gall-bladder  at  least  predisposes  to  their  formation,  and  this  is 
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rendered  the  more  probable  from  their  more  frequent  occurrence  in  old 
people  where  the  actions  are  sluggish.  In  the  centre  of  gall-stones 
there  is  frequently  a  nucleus  composed  of  remains  of  epithelium  or 
mucvis,  and  it  has  been  supposed  that  catarrh  of  the  bladder  may- 
furnish  this  nucleus. 

Gall-stones  occur  singly  or  in  numbers.  The  Single  gall-stones  are 
commonly  composed  almost  purely  of  cholestearine,  of  which  there 
may  be  over  98  per  cent.  They  are  oval  in  shape,  somewhat  nodulated 
on  the  surface,  and  have  a  glistening  appearance,  altogether  somewhat 
resembling  in  appearance  a  sugar  plum.  When  divided  or  broken  they 
present  a  characteristic  radiation  from  the  centre,  and  also  sometimes 
a  concentric  stratification.  The  stone  is  very  light  in  weight,  floats  in 
water  when  previously  dried,  and  has  a  soft  almost  soapy  feeling. 

Multiple  gall-stones  are  more  frequent,  and  although  sometimes 
consisting  of  nearly  pure  cholestearine,  they  are  more  frequently  com- 
posed of  this  mixed  with  bile  pigment  and  lime  salts.  There  may  be 
two  or  three,  but  they  may  be  present  in  large  numbers,  fifty,  a 
hundred,  or  several  hundreds  or  thousands  (as  many  as  7800  have  been 
counted).  If  few  they  may  be  comparatively  large,  but  if  numerous 
they  are  small,  the  bladder  sometimes  having  the  appearance  of  a 
bag  filled  with  peas.  The  multiple  stones  are  always  facetted,  taking 
their  shape  according  as  there  is  room,  and  fitting  into  each  other.  In 
appearance  they  have  been  compared  to  the  macerated  carpal  bones, 
having  somewhat  similar  facets,  and  often  presenting  a  similar  greyish 
colour,  although  sometimes  yellow,  brown,  or  even  black.  They  are 
very  light  in  weight,  and  on  section  present  little  of  the  glistening 
appearance  or  radiating  arrangement  of  the  single  ones.  On  the 
contrary  they  are  more  commonly  stratified,  owing  to  more  deeply  and 
less  deeply  pigmented  strata  alternating. 

Gall-stones  composed  almost  entirely  of  bile-pigment  are  very  rare. 
They  are  small,  nodulated,  and  nearly  black,  and  occur  in  considerable 
numbers  at  a  time.  Stones  composed  mainly  of  Lime  salts,  especially 
the  carbonate,  are  still  rarer. 

The  condition  of  the  Gall  bladder,  which  is  the  seat  of  gall-stones, 
varies  somewhat.  It  is  often  completely  collapsed  on  the  calculi,  so 
that  it  is  a  tightly  filled  bag  of  stones.  In  other  cases  there  is  a  small 
amount  of  bile  in  the  bladder,  whilst  in  others  a  tough  mucus  surrounds 
the  calculi. 

Gall-stones  frequently  leave  the  bladder  and  pass  into  the  cystic 
duct,  where  they  may  remain  for  a  time  and  cause  obstruction. 
Later  they  often  pass  on  into  the  ductus  choledochus.  The  last  part 
of  this  duct  is  narrow,  and,  if  the  stone  is  of  any  considerable  size,  it, 
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usually  sticks  here,  at  least  for  a  time.  By  dilating  the  duct  it  may 
get  into  the  duodenum,  but  very  commonly  it  finds  its  way  through  by 
ulceration,  and  sometimes  it  ulcerates  into  the  peritoneum,  producing 
peritonitis.  Lying  at  the  mouth  of  the  ductus  communis  it  obstructs 
the  outflow  of  bile  and  produces  the  results  to  be  presently  described. 
When  it  gets  into  the  duodenum  it  usually  passes  off  with  the  faeces, 
but  if  large,  it  may  produce  Obstruction  of  the  intestine  at  some  point. 
This  is  of  rare  occurrence,  and  can  scarcely  happen  except  in  the  case 
of  large  stones,  chiefly  of  the  solitary  kind. 

The  calculus  may  ulcerate  from  the  gall-bladder  directly  outwards. 
It  may  thus  pass  into  the  peritoneum,  or  into  a  neighbouring  canal 
such  as  the  portal  vein.    These  are,  however,  rare  occurrences. 

2.  Obstruction  of  the  bile-ducts. — Obstruction  occurs  from  various 
causes,  of  which  one  of  the  commonest  is  Gall-stones  as  described 
above.  Inflammation  of  the  ducts  sometimes  produces  obstruction, 
the  inflammation  being  nearly  always  due  to  an  extension  of  catarrh 
from  the  stomach  and  duodenum.  As  the  duct  near  the  orifice  is 
narrow  a  trivial  inflammatory  swelling  may  produce  an  obstruction, 
which  the  bile,  possessing  a  low  pressure,  is  unable  to  overcome. 
Tumours  and  inflammations  around  the  duct  may  cause  obstruction. 
This  is  not  infrequently  the  case  with  Cancers  of  the  head  of  the 
pancreas  or  those  involving  the  lymphatic  glands  in  the  portal  region 
of  the  liver.  We  have  already  seen  that  an  obstruction  of  the  hepatic 
ducts  in  the  substance  of  the  liver  occurs  in  cancer  of  the  liver,  in 
cirrhosis,  etc. 

Congenital  atresia  of  the  main  bile  ducts  is  by  no  means  an  un- 
common lesion.  The  ducts  in  part  or  as  a  whole  are  reduced  to  the 
condition  of  solid  threads,  or  they  are  altogether  indistinguishable. 
This  is  due  to  a  defect  occurring  mostly  in  early  foetal  life,  and  in  some 
instances  several  members  of  the  same  family  have  been  aff'ected.  The 
occlusion  leads  to  intense  icterus,  and  in  this  case  as  in  icterus  of 
newly-born  children  generally  the  bilirubin  assumes  the  crystalline 
form.  An  intense  monolobular  cirrhosis  often  results.  Inflammation 
and  thrombosis  of  the  umbilical  vein  producing  swelling  around 
the  duct  at  the  porta  of  the  liver  was  a  cause  of  obstruction  in  a 
uew  y-born  child  observed  by  the  author.  A  septic  thrombo-phlebitis 
resulted  after  the  separation  of  the  cord.  In  this  case  also  the  bilirubin 
had  a  crystalline  form. 

The  Results  of  obstruction  vary  according  to  the  site  of  the  obstruc- 
tion The  usual  result  is  Icterus  or  Jaundice,  but  this  does  not  occur 
It  the  obstruction  be  limited  to  the  cystic  duct,  as  is  not  uncommon  in 
the  case  of  gall-stones. 


1046 


GALL-BLADDER  AND  BILB-DUCTS. 


If  the  Cystic  duct  alone  be  obstructed  then  the  consequence  is  that 
no  bile  can  get  into  the  gall-bladder.  In  that  case  the  bladder  may 
shrink,  and  any  mucus  in  it  may  dry-in  and  perhaps  afterwards 
become  chalky.  In  many  cases,  however,  there  is  an  abundant  secretion 
of  mucus,  and  the  bladder  becomes  filled  with  it.  The  mucus  often 
after  a  time  gives  way  to  a  more  fluid  secretion,  and  the  bladder  may 
be  converted  into  a  thin-walled  cyst  (Hydrops  vesicae  fellese)  which 
may  be  as  large  as  the  fist,  with  clear  fluid  contents. 

When  the  gall-bladder  is  thus  cut  ofi"  and  no  longer  available  as  a 
store  for  the  bile,  there  sometimes  occurs  a  Dilatation  of  the  larger 
bile  ducts  chiefly  in  the  portal  region  of  the  liver,  so  that  the 
bile  may  lie  here  instead  of  in  the  gall-bladder,  and  pass  into  the 
duodenum  during  digestion.  This  constitutes  an  imperfect  compen- 
sation for  the  loss  of  the  gall-bladder.  Gall-stones  may  form  in  the 
dilated  ducts. 

In  the  case  of  Obstruction  of  the  ductus  choledochus,  there  is  stag- 
nation both  in  the  gall-bladder  and  in  the  whole  system  of  bile  ducts. 
The  stagnation  tells  first  on  the  gall-bladder,  which  dilates  readily  and 
stores  up  the  bile.  There  may  even  be  rupture  of  the  gall-bladder  from 
excessive  dilatation.  If  the  obstruction  be  prolonged  great  dilatation 
occurs  throughout  the  whole  system,  and  serious  changes  frequently 
result  in  the  liver  itself. 

Next  to  the  gall-bladder  the  ductus  choledochus  and  the  larger  bile 
ducts,  which  are  not  supported  by  the  firm  liver  tissue,  are  most  liable 
to  dilate.  This  dilatation  may  be  very  extreme,  these  ducts  becoming 
sometimes  as  great  in  circumference  as  the  thumb,  and  it  may  even  go 
on  to  rupture. 

Sometimes  considerable  atrophy  of  the  proper  tissue  of  the  liver 
occurs,  and  we  have  the  smaller  bile  ducts  dilated  and  forming 
numerous  cavities  or  Cysts  throughout  the  liver. 

There  is  sometimes  even  an  Acute  inflammation  of  the  bile  ducts 
apparently  from  decomposition  of  the  bile,  and  this  may  lead  to 
Biliary  abscesses.  This  occurs  when  the  obstruction  is  incomplete,  as 
when  it  is  produced  by  the  pressure  of  the  tumour,  and  there  is  there- 
fore the  possibility  of  the  propagation  of  septic  decomposition  from  the 
duodenum  to  the"  stagnant  bile.  There  may  be  numerous  abscesses 
filled  with  a  tenacious  bile-stained  pus. 

3.  Rupture  and  Perforation.— Rupture  of  the  gall-bladder  or  of  the 
ducts  outside  the  liver  may  occur  from  over-distension,  or  it  may  be 
the  result  of  injury.  The  rupture  takes  place  into  the  peritoneum  and 
the  bile  causes  peritonitis.  The  inflammation  is  sub-acute,  causing 
great  thickening  of  the  peritoneum.    A  peculiar  appearance  is  some- 
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times  produced,  the  thickened  peritoneum  presenting  an  orange-coloured 
surface  from  biliary  staining. 

4.  Tumours  of  the  hile-ducts  and  gall-bladder.— Of  these  the  most 
important  are  Cancers.  We  sometimes  meet  with  primary  cancer 
in  the  gall-bladder  resembling  in  structure  cancer  of  the  stomach  and 
intestine.  By  extension  it  may  largely  involve  the  liver  tissue.  In 
the  great  majority  of  cases  gall-stones  are  present  in  the  gall-bladder  in 
cases  of  primary  cancer,  and  the  irritation  of  the  calculi  is  to  be 


Fig.  625. — Caucor  of  the  gall-bliidder.    The  lumen  was  ahnost  entirely  filled  by  the 
growth.    Ill  the  cystic  duct  a  number  of  gall-stones  were  found. 

regarded  as  the  cause  of  the  cancer  {see  Fig.  625).  We  have  already 
seen  that  some  of  the  cancers  of  the  liver  probably  take  origin  in  the 
finer  bile  ducts  in  its  substance. 

Occasionally  small  nodules  consisting  mainly  of  glandular  tissue 
and  muscle  are  met  with  projecting  from  the  mucous  membrane  of 
the  gall-bladder. 

Literature.— GW;-.s):ones — Schttppel,  Ziemssen's  Handb.,  viii. ;  Eeneke,  Deutsch. 
Arch.  f.  klin.  Med.,  1876;  Naunyn,  Verh.  d.  X.  Congr.  f.inn.  Med.,  1891 ;  Janowsky, 
Ziegler's  Beitriige,  x. ,  1891.  Congenital  atresia  of  ducts— Thomson  (with  literature) , 
On  congen.  oblit.  of  bile-ducts,  1892.  Cancer— Siegert,  Virch.  Arch.,  cxxxii.,  353, 
1893  ;  Zenker,  Prim.  Krebs  der  Gallenblase,  Leipzig,  1889 ;  Mayo  Robson,  Diseases 
of  the  gall-bladder  and  bile  ducts,  2nd  ed.,  1900. 

0. — The  Pancreas. 

The  pancreas  has  the  structure  of  a  salivary  gland,  consisting  of 
glandular  acini  whose  ducts  communicate  with  a  main  duct  lying  in 
the  centre  of  the  gland  (Wirsung's  duct)  and  opening  into  the 
duodenum  in  common  with  the  ductus  choledochus. 
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The  function  of  the  pancreas  seems  to  be  similar  to  that  of  the 
salivary  glands,  but  the  gland  possesses  two  pathological  relations, 
which  have  not  yet  obtained  a  full  explanation  but  are  of  great  import- 
ance. These  are  the  relations  of  the  organ  to  the  absorption  of  fat  in 
the  alimentary  canal,  and  to  the  occurrence  of  diabetes.  Extirpation 
of  the  pancreas  seems  to  hinder  the  absorption  of  fat,  and  disease  of  the 
organ  which  causes  destruction  of  the  tissue  or  obstruction  of  the  duct 
seems  to  have  a  similar  effect,  so  that  fat  appears  abundantly  in  the 
faeces.  The  relation  of  the  pancreas  to  diabetes  has  been  already 
referred  to  at  pp.  227  and  228. 

Malformations  occur  chiefly  in  the  form  of  supernumerary  or  acces- 
sory glands  (Fig.  626).  These  are  usually  situated  in  the  wall  of  the 
stomach,  duodenum,  or  jejunum.  Another  malformation  is  that  in 
which  the  pancreas  surrounds  the  duodenum. 


Pig.  (526. — Accessory  pancreas  in  the  small  intestine. 

The  pancreas  is  occasionally  the  seat  of  Haemorrhages  into  its 
substance  {Pancreatic  apoplexy).  These  may  be  the  result  of  injuries  to 
the  abdominal  wall  or  the  consequence  of  passive  hyperaemia  in  diseases 
of  the  heart,  lungs,  or  liver.  Some  cases  of  sudden  death  have  been 
recorded  by  Zenker,  Hooper,  and  Klebs,  in  which  the  most  obvious 
lesion  was  hsemorrhage  into  the  substance  of  this  gland.  No  cause  for 
the  htemorrhage  was  apparent.  It  is  supposed  that  the  lesion  caused 
pressure  on  the  neighbouring  cceliac  plexus  and  semilunar  ganglion  and 
a  consequent  reflex  paralysis  of  the  heart,  just  as  inhibition  of  the  heart 
is  producible  by  blows  on  the  abdomen  (Goltz's  experiment).  The 
hemorrhage  may  be  .-issociated  with  necrosis  or  with  inflammation 
{Ecemorrhagic  pancreatitis)  leading  sometimes  to  abscess  formation  (Fig. 
627).    The  abscess  may  burst  into  the  peritoneum. 

Inflammations  of  the  pancreas  are  of  various  kinds.  Besides  the 
abscess  just  mentioned  we  have  suppurative  pancreatitis  like  sup- 
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purative  parotitis,  resulting  in  abscesses ;  also  indurative  interstitial 
inflammation  with  loss  of  gland  tissue,  this  condition  being  sometimes 
of  syphilitic  origin. 

Atrophy  of  the  pancreas  is  observed  often  as  a  part  of  general  emacia- 
tion, but  it  has  been  found  in  a  good  many  cases  of  Diabetes  mellitus. 

Fatty  inflltration  of  the  pancreas  is  one  of  the  commonest  lesions  of 
this  gland.    There  is  normally  some  adipose  tissue  in  the  midst  of  the 
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considerable  increase,  the  proper 
glandular  substance  becoming  atrophied,  and  adipose  tissue  taking  its 
place,  the  shape  and  general  appearance  of  the  gland  being  preserved 
The  condition  may  be  part  of  a  general  obesity,  or  it  may  occur  in  old 
age,  and,  m  this  latter  case,  it  may  be  presumed  that  atrophy  of  the 
glandular  tissue  is  the  first  condition,  the  adipose  tissue  developing 
afterwards,  as  in  fatty  infiltration  of  voluntary  muscle.  Necrosis 
sometimes  occurs  in  the  adipose  tissue  of  the  organ,  producing  opaque 
yellow  patches  of  a  striking  character.  &  h 

The  glandular  structure  sometimes  undergoes  Cloudy  swellinff  in 
common  with  that  of  the  liver  and  other  organs  in  the  acute  feL. 
±  atty  degeneration  is  also  met  with. 
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Tuberculosis  is  not  common  in  the  pancreas,  but  we  meet  with 
caseous  masses  having  the  characters  of  a  local  tuberculosis.  More 
frequently  the  pancreas  is  involved  secondarily  in  a  tuberculosis  arising 
in  neighbouring  lymphatic  glands.  Syphilitic  Gummata  have  been 
observed. 

Of  the  tumours  of  the  pancreas,  Cancer  is  by  far  the  most  important. 
It  occurs  most  frequently  in  the  head,  rarely  in  the  body  or  tail.  It  is 
mostly  a  dense  tumour  of  fibrous  appearance  (scirrhus),  but  cases  of 
soft  and  of  colloid  cancer  have  been  seen.  The  cancer  often  obstructs 
Wirsung's  duct,  or  produces  still  more  serious  results  by  obstructing 
the  ductus  communis.  It  may  even  by  its  retraction  or  by  its 
prominence  cause  a  partial  obstruction  of  the  duodenum.  There  may 
arise  in  this  way  considerable  disturbances  from  the  continuous  exten- 
sion of  the  tumour.  We  may  also  have  secondary  tumours  in  the 
lymphatic  glands,  liver,  or  peritoneum. 

Cancers  of  the  stomach  or  duodenum  rarely  extend  to  the  pancreas. 
The  gland  is  sometimes  the  seat  of  secondary  metastatic  tumours  when 
the  disease  becomes  generalized. 

The  Pancreatic  duct  (Wirsung's)  is  liable  to  certain  changes.  Con- 
cretions occur  in  it,  comparable  to  those  of  the  salivary  glands.  They 
are  mostly  round  or  oval  and  white  or  greyish  white.  In  size  they  have 
been  met  with  as  large  as  a  hazel  nut  or  larger,  but  they  are  usually 
small  like  grains  of  sand.  They  are  composed  chiefly  of  carbonate  and 
phosphate  of  lime.  They  very  often  arise  in  dilated  ducts,  but  if  large 
may  cause  dilatation  by  obstructing  the  duct. 

Obstruction  and  Dilatation  of  Wirsung's  canal  may  arise,  as  we  have 
seen,  from  calculi,  cancers  of  the  head  of  the  pancreas,  or  from  tumours 
in  the  neighbourhood.  Dilatation  also  occurs  secondarily  to  atrophy  of 
the  gland.  The  dilated  duct  forms  a  series  of  pouches,  or  else  there  is 
a  more  definitelv  localized  dilatation  so  that  actual  cysts  are  formed. 
The  latter  will  occur  when  the  orifice  is  completely  obstructed  :  the 
cysts  may  reach  the  size  of  the  fist  or  that  of  a  child's  head,  and  these 
are  sometimes  designated  Ranula  pancreatica.  The  contents  of  the 
dilated  duct  may  be  simply  the  fluid  secretion,  but  sometimes  there  is 
thickenin-  of  the  contents  and  even  haemorrhage.  In  this  way  we  may 
have  coagula  causing  the  cysts  to  look  like  aneurysms,  all  the  more  as 
the  lining  of  the  cyst  may  become  the  seat  of  calcareous  plates  like  the 
internal  coat  of  an  artery  in  aneurysm. 

Literature.-K.BBS,  Handb.  der  path.  Anat.  i.  1876  ■^/-^^^^'^^^^^^^^^^ 
rvcl    vii  •  DiECKHOFF,  Beitriige  zur  Path.  Anat.  d.  Paakreas,  189o  Tbuh.u^t, 
Sntel  p'athlS   i    Fettgewebsnekrose,  1902.     Relation  to  fat  absorptron- 
Pankreas-Pathologe,  1.,        b  Mal/ormations-SYmsQTO^, 
Harley  (literature),  Journ.  of  Phys.,  xvni.,  loju  y 
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Jour,  of  anat.  and  phys.,  xix.,  1885;  Klob,  Zeitschr.  d.  Wien.  Aerzte.,  1859; 
Zenkeb,  Virch.  Arch.,  xxi.  Hcemorrliagt — Pbinoe  Moeton,  Boston  Med.  and 
Surg.  Jour.,  1882;  Zenker,  Berl.  klin.  Wochensch.,  1874;  Challand,  Bull,  de  la 
See.  med.  de  la  Suisse  rom.,  1877;  Klebs,  loc.  cit.;  Korte,  Krankheiten  u.  Ver- 
letzungen  des  Pank.,  1898;  Klippel  and  Lepas,  Arch.  gen.  de  M6d.,  ii.,  1899. 
Atrophy  and  Diabetes — Klebs,  loc.  cit. ;  Feerichs,  Ueber  den  Diabetes,  1884 ; 
DuPFEY,  Dubl.  Jour,  of  Med.  Sc.,  1884  ;  Israel,  Virch.  Arch.,  Ixxxiii.,  1881.  Con- 
cretions— Johnston,  Amer.  Jour,  of  Med.  Sc.,  1884.  Cysts — Recklinghausen, 
Virch.  Arch.,  xxx.  ;  Hjelt,  Schmidt's  Jahrb.,  clvii.,  1873;  Tilgee,  Virch.  Arch., 
cxxxvii.,  1894.  Pancreatitis — Fitz,  Trans.  N.Y.  Path.  Soc,  1889;  Opie,  Jour. 
Exper.  Med.,  v.,  1901. 


D. — The  Peritoneum. 

Introduction. — The  peritoneum,  which  is  stretched  over  many  organs 
and  possesses  many  recesses  and  pouches,  has  a  superficies  said  to  be 
equal  to  the  surface  of  the  body.    It  is  a  large  lymphatic  sac  and  fluid 
is  constantly  circulating  through  it.     Experiments  (especially  those  of 
Wegner)  have  shown  that  the  peritoneum  possesses  great  powers  both 
of  the  transudation  and  absorption  of  fluid.    Thus  the  injection  of  con- 
centrated solution  of  sugar  or  of  glycerine  causes  an  exudation  of  serous 
fluid  amounting  in  three-quarters  of  an  hour  to  from  3  to  8  per  cent,  of 
the  weight  of  the  body.    Again,  watery  fluids  and  even  urine,  bile,  oil, 
etc.,  are  absorbed  with  great  rapidity  without  injury  to  the  membrane, 
and  such  medicaments  as  morphia  and  chloral  are  absorbed  much  more 
rapidly  than  when  injected  subcutaneously.     Finely  divided  solid 
matter  is  also  readily  absorbed  and  carried  into  the  lymphatics.  The 
absorption  is  eff"ected   presumably  by  stomata,  by  which   the  sac 
communicates  with  the  lymphatic  vessels.     Whilst  all  parts  of  the 
peritoneum  doubtless  possess  the  power  of  absorption,  there  are  two 
localities  in  which  this  presents  points  of  special  interest. 

From  certain  facts  to  be  afterwards  referred  to  in  connection  with 
tuberculosis  and  cancer  of  the  peritoneum,  it  may  be  inferred  that  the 
Great  omentum  is  specially  concerned  in  the  process  of  absorption 
This  double  layer  of  peritoneum,  lying  free  in  the  cavity,  may  be 
regarded  as  a  drain  by  means  of  which  the  fluid  is  drawn  ofl" 

Again,  the  lymphatics  of  the  Diaphragm  communicate  on  the  one 
hand  with  the  peritoneal  sac,  and  on  the  other  with  the  pleural  cavity, 
so  that  fluid  and  finely-divided  solids  may  be  carried  through  from  one 
to  the  other.  It  is  probable  that  the  general  course  of  the  current  is 
from  peritoneum  to  pleura,  although  it  may  be  reversed 

This  great  power  of  absorption  is  very  important,  especially  in  rela- 

eadilv   7  ^  r^"""""-.  ''^''^  decomposition  are 

readily  absorbed ;   sometimes  in  such  quantity  as  to  produce  fatal 
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results  before  they  have  had  time  to  induce  any  considerable  local 
eflfocts.  This  is  especially  the  case  in  rupture  of  the  intestine,  where 
death  may  occur  vrithin  twenty-four  hours  without  definite  symptoms 
of  peritonitis,  and  apparently  from  absorption  of  the  septic  poison. 
After  death,  however,  signs  of  inflammation  are  usually  visible  in  the 
peritoneum. 

The  fluid  in  the  peritoneal  sac  is  not  at  rest,  but  circulates,  and  the 
movements  of  the  intestines  doubtless  have  to  do  with  its  transportation 
from  place  to  place.  Hence  any  pathogenic  agent  introduced  into  the 
peritoneal  cavity  is  generally  carried  to  every  part  of  the  sac  and 
produces  its  effects  in  every  region.  Abundant  examples  of  this  are 
afforded  by  such  conditions  as  tuberculosis  of  the  peritoneum,  inflam- 
mations, and  cancer. 

1.  Malformations. — The  mesenteries  are  sometimes  too  long  or  too 
short.  The  former  condition  is  supposed  to  have  to  do  with  the  causa- 
tion of  hernias.  The  latter  causes  the  intestine  to  be  unduly  controlled 
in  its  movements.  In  a  case  recorded  by  Lawson  Tait  the  peritoneum 
passed  from  loop  to  loop  without  any  proper  mesentery.  There  are 
also  dermoid  cysts  of  congenital  origin  found  in  the  peritoneum. 

2.  Disorders  of  the  circulation  in  the  peritoneum.— (a)  Active 
hypersemia  is  produced  when  from  any  cause  a  general  relaxation  of 
the  arteries  in  the  sac  occurs.    Leaving  inflammation  out  of  account, 
this  will  hardly  occur  except  as  a  result  of  sudden  removal  of  extra 
pressure  from  these  vessels.    If  a  large  ovarian  tumour  be  removed  from 
the  abdomen,  or  ascitic  fluid  be  drawn  off,  the  arteries  and  capillaries 
which  have  previously  accommodated  themselves  to  the  undue  pressure 
on  their  walls,  relax,  and  hypersemia  occurs.    The  hypera^mia  may 
result  in  the  occurrence  of  a  peculiar  form  of  Chronic  hsBmorrhagic 
peritonitis,  comparable  with  hsemorrhagic  pachymeningitis  (see  p.  791), 
the  effused  blood  being  here  also  sometimes  a  prominent  feature 
(Hsematoma  of  the  peritoneum).    As  in  the  other  case  it  may  be  a 
question  whether  there  is  an  inflammation  preliminary  to  the  haemor- 
rhage, or  whether  the  hypersemia  induces  bleeding,  the  succeeding 
organization  of  the  clot  leading  to  the  formation  of  a  membranous 
layer  on  its  surface.    AVhere  ascitic  fluid  has  been  drawn  off  many 
times  there  may  be  several  layers  of  soft  membrane  on  the  surface 
of  the  peritoneum,  the  innermost  being  the  most  delicate  and  the 

newest.  ,         •     ^  4.1 

(b)  Passive  hypersemia  occurs  as  a  result  of  obstruction  to  the  portal 
circulation,  either  alone  or  as  part  of  a  general  venous  hypersemia.  It 
is  chiefly  important  in  relation  to  ascites,  of  which  it  is  the  most 
frequent  cause. 


H/EMORRHAGE  INTO  PERITONEUM. 


1053 


(c)  Haemorrhage. — There  may  be  unimportant  haemorrhages  in  the 
substance  of  the  peritoneum  in  scurvy,  haemophilia,  etc.    More  con- 
siderable hemorrhages  occur  in  consequence  of  rupture  of  larger 
vessels.    Aneurysms  of  the  abdominal  aorta  not  infrequently  rupture. 
The  blood  accumulates  at  first  behind  the  peritoneum,  but  it  may  also 
pass  into  the  cavity.    Traumatic  rupture  of  liver,  spleen,  or  kidneys 
may  also  cause  haemorrhage  although  these  lesions,  especially  in  the 
case  of  the  kidney,  are  liable  to  produce  subperitoneal  haemorrhage. 
Then  there  are  frequent  haemorrhages  from  the  female  generative 
organs,  as  from  the  rupture  of  the  cyst  in  extra-uterine  pregnancy,  but 
it  may  also  occur  without  apparent  cause  at  menstrual  periods.  (See 
Periuterine  Hematocele.)    There  are  also  hemorrhages  in  tuberculosis 
and  cancer  of  the  peritoneum. 

The  efi-used  blood  is  in  many  cases  readily  absorbed,  but  when  the 
collection  of  blood  is  local,  as  in  the  pelvis,  or  the  peritoneum  is  altered 
by  mflammation,  it  may  remain.  If  there  is  a  considerable  mass  the 
name  Hsematoma  is  applied.  The  blood  becomes  decolorized  and  sur- 
rounded or  encapsuled  by  new-formed  connective  tissue  in  the  ordinary 
way.  The  blood  thus  sets  up  a  chronic  inflammation  which,  in  the  case 
of  the  pelvic  hematoceles,  may  have  serious  consequences  by  interfering 
with  the  uterus  and  ovaries. 

{d)  Ascites.-This  name  is  given  to  dropsy  of  the  peritoneal  cavity 
It  IS  sometimes,  although  rarely,  a  part  of  a  general  oedema,  occurring 
m  disease  of  the  heart  or  lungs,  in  Bright's  disease,  and  in  anemic 
states  It  IS  peculiarly  prone  to  occur  when  the  portal  circulation  is 
specially  obstructed.  This  may  happen  by  the  portal  vein  beino- 
obstructed  by  thrombosis,  or  pressed  on  from  without,  but  more  fre" 
quently  it  is  by  some  lesion  in  the  liver  itself,  such  as  cirrhosis  or 
cancer,  which  obstructs  the  portal  vessels,  as  it  were,  in  detail 

In  these  cases  the  ascites  is  from  increased  transudation,  and  it  is 
much  less  common  to  have  it  occurring  from  interference  with  absorp 
tion.    This  may  have  something  to  do  with  it,  however,  in  caseTof 
cancer  of  the  peritoneum,  where  the  numerous  cancerous  tumonr! 

riwe  Th  ^^^1?  ^  charnerandTow 

ng  there.   These  tumours  will  necessarily  obstruct  the  lymphaticfto  « 
large  extent  in  detail,  whilst  they  may  also  produce  by  theTr  lita 

particular  parts,  and  may  be  sac^a  ed    t  '^"^"'^ 
there  is  a  dromy  in  th.  L  f  l  Sometimes  also,  in  children, 

aropsy  m  the  sac  of  the  omentum  (Hydrops  omenii). 
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The  character  of  the  fluid  in  ascites  is  that  of  ordinary  transudations, 
clear,  slightly  yellow,  limpid  fluid  of  low  specific  gravity.    After  it 

has  stood  for  a  time  it  often  deposits  a  very  gelatinous  coagulum  of 

fibrine. 

In  prolonged  ascites  the  peritoneum  is  apt  to  get  somewhat  thick- 
ened, especially  when  puncture  has  been  frequently  performed.  The 
great  omentum  is  not  infrequently  gathered  up  so  as  to  be  thicker  and 
shorter  than  usual,  and  in  that  case  it  will  act  less  efficiently  as  a  drain. 

Chylous  ascites  has  already  been  referred  to  as  occurring  in  con- 
nection with  obstruction  of  the  thoracic  duct  (see  under  CEdema).  The 
fluid  in  the  abdomen  is  milky,  containing  finely  dissolved  fat.  Of  a 
diff'erent  nature  is  Ascites  adiposus,  which  may  be  confused  with 
chylous  ascites,  as  in  it  also  the  fluid  is  milky.  In  this  case  the  milki- 
•ness  is  from  fatty  degeneration  of  cells,  either  the  endothelium  in 
'  .ordinary  ascites  or  the  cells  in  cancer.  There  is  always  the  distinction 
between  the  two  conditions  that  in  chylous  ascites  the  fat  is  free,  while 
in  ascites  adiposus  it  is  in  cells. 

3.  Inflammations  of  the  peritoneum.  Peritonitis.— Inflammation 
•of  the  peritoneum  is  very  seldom  spontaneous  in  its  origin.  It  seems 
remarkable  that,  compared  with  the  pleura  or  pericardium,  this  mem- 
brane is  so  seldom  the  seat  of  independent  inflammation  as  a  result,  for 
instance,  of  the  irritation  of  the  blood  in  acute  rheumatism,  or  of  the 
more  vague  causes  of  irritation  designated  as  cold. 

The  peritoneum  is,  however,  peculiarly  liable  to  inflammations  of  a 
secondary  character,  the  irritant  proceeding  either  from  without  as  in 
wounds  of  the  abdomen,  or  from  one  of  the  organs  lying  beneath  the 

membrane.  .  i 

Mere  exposure  to  the  air  or  the  entrance  of  air  into  the  abdominal 
cavity  does  not  induce  peritonitis,  and  even  a  somewhat  prolonged 
cooling  of  the  membrane,  as  during  an  operation,  does  not  seem  to  lead 
to  inflammation. 

Septic  inflammations—These  comprise  the  great  proportion  of  acute 
inflammations  of  the  peritoneum.  Experiments  (Grawitz,  Waterhouse) 
seem  to  show  that  whilst  the  peritoneal  cavity  is  a  favourable  place  for 
the  propagation  of  pyogenic  microbes  in  respect  to  temperature  and 
other  conditions,  yet  its  absorbent  power  is  such  that  the  introdu^^^^^^^ 
of  these  agents  is  not  followed  by  inflammation  when  the  peritoneum 
is  strictly  Lrmal.  On  the  other  hand,  if  there  be  in  ^'^e  sac  sta^^^^^^^ 
serous  fluid,  or  irritating  substances  calculated  to  V^odnoe  J.n^^^on, 
or  if  there  is  a  septic  wound  communicating  with  ^1^^  o"--  - 
that  the  microbes  are  vigorously  produced  and  nourished  then  they 
multiply  in  the  peritoneal  cavity  and  evolve  their  specific  toxins. 
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It  is  obvious  that  in  actual  cases  in  man  the  pyogenic  microbes  will 
rarely  be  introduced  as  pure  cultures  into  a  normal  peritoneum  as  in 
the  case  of  experiments.  Septic  inoculation  takes  place  from  a  wound 
in  the  abdomen  becoming  septic,  or  more  frequently  by  rupture  of  the 
stomach,  intestine,  or  vermiform  appendix,  or  by  propagation  of  septic 
processes  from  the  uterus  in  delivery.  In  the  one  class  of  cases  the 
conditions  are  those  of  a  septic  wound  communicating  with  the  peri- 
toneal cavity.  In  the  other  irritating  matters  from  the  alimentary  canal 
are  also  introduced  along  with  pyogenic  agents. 

If  the  pyogenic  agents  once  settle  in  the  peritoneal  sac  they  pro- 
pagate with  enormous  rapidity  in  the  warm  and  moist  cavity,  and  it 
may  happen  that  in  a  comparatively  few  hours  we  may  have  such  an 
absorption  of  toxins  as  to  cause  death  by  septic  poisoning  even  before 
much  evidence  of  inflammation  has  manifested  itself 

The  septic  inflammations  are  pre-eminently  acute,  and  tend  rapidly 
towards  suppuration.  At  first  there  is  hyperajmia  and  a  serous  and 
Fibrinous  exudation.  The  exuded  fibrine  is  visible  on  free  surfaces  as 
a  soft  yellow  layer,  and  is  often  present  in  the  fluid  as  yellow  flakes. 
It  glues  together  surfaces  which  are  in  contact,  such  as  the  loops  of  the 
intestine,  but  the  adhesions  are  soft  and  readily  separated.  As  the 
inflammation  goes  on,  the  fibrinous  exudation,  which  from  the  first 
contains  very  numerous  leucocytes  and  is  correspondingly  soft,  becomes 
still  more  infiltrated  with  these,  and  assumes  the  characters  of  pus.  Pus 
may  be  found  in  some  parts,  while  in  others  there  is  still  the  soft 
fibrmous  exudation.  Thus  pus  may  be  found  in  the  neighbourhood 
of  the  original  source  of  the  inflammation,  as  around  the  vermiform 
appendix,  the  inflammation  being  here  more  intense  or  of  longer 
standing.  The  pus,  and  even  any  free  fibrine  that  may  exist,  com- 
monly gravitate  to  dependent  parts,  and  we  may  find  a  collection  of 
yellow  pus  in  the  pelvis,  especially  in  Douglas's  pouch 

The  endothelial  cells  of  the  peritoneum  take  part  in  the  inflamma- 
tion. They  multiply  and  enlarge  (Orth),  or  they  are  shed.  The  under- 
lying connective  tissue  is  infiltrated  with  serous  fluid  and  exudation, 
and  all  the  underlying  tissues  are  altered,  more  especially  the  wall  of 
the  intestine,  whose  coats  are  often  cBdematous  and  swollen.  There  is 
not  infrequently  considerable  tympanitic  distension  of  the  intestine 

peculiarly  distressing  feature  in  puerperal  fever 

it  ttXirbt tlf  r  Sometimes 

It  IS  localized  by  adhesions,  and  even  after  the  occurrence  of  suppur- 
ation, may  subside  and  give  place  to  chronic  inflammation 

A  more  localized  acute  peritonitis  not  infrequently  occurs.    It  may 
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be  in  connection  with  appendicitis  {mde  ante),  or  with  diseases  of  the 
uterus,  or  may  be  even  a  result  of  infarction  of  the  spleen.  If  recovery 
occurs  from  such  inflammations  adhesion  of  the  surfaces  affected  is  the 
result. 

Chronic  peritonitis,  whether  developing  out  of  the  acute  form  or 
occurring  in  connection  with  disease  in  an  underlying  organ,  is  char- 
acterized by  new-formation  of  connective  tissue,  frequently  with 
adhesion  of  opposing  surfaces  (Peritonitis  adhcesiva).  The  details  of  this 
process  are  similar  to  those  in  chronic  pleurisy ;  it  only  remains  here 
to  specify  some  of  the  more  common  instances  of  the  aflFection. 

A  diffuse  chronic  peritonitis  sometimes  develops  in  the  course  of 
Bright's  disease.  There  is  also  commonly,  in  cases  of  secondary  cancer 
of  the  peritoneum,  a  general  chronic  peritonitis. 

Local  thickenings  of  the  capsule  of  the  liver  and  spleen  are  of  fre- 
quent occurrence  in  connection  with  diseases  in  these  organs  or  their 
neighbourhood.  Sometimes  the  connective  tissue  is  hard,  almost  like 
cartilage.  Very  commonly  there  is  adhesion  to  the  parts  around, 
especially  to  the  diaphragm.  On  the  other  hand,  the  diaphragm  may 
be  adherent  by  reason  of  the  extension  of  an  inflammation  from  the 
pleura,  the  irritant  having  passed  downwards  in  a  direction  contrary  to 
that  of  the  usual  circulation. 

The  peritoneum  around  the  female  generative  organs  is  liable  to  very 
frequent  local  chronic  inflammations  (Perimetritis),  resulting  in  complex 
adhesions  and  mattings  of  the  pelvic  organs.  The  contraction  of  the 
new-formed  connective  tissue  may  cause  considerable  distortion  of  these 

organs.  i -i 

There  is  also  a  peritonitis  from  rupture  of  the  gall-bladder  or  a  bile 

duct  (see  p.  1046). 

4  Tuberculosis  of  the  peritoneum.    Tubercular  peritonitis— i  his 

disease  is  due  to  the  existence  of  the  tubercular  virus  in  the  peritoneal 
cavity  The  virus  seldom  gains  entrance  into  the  sac  from  tubercular 
ulcers  of  the  intestine,  apparently  because  the  intestinal  lymphatics  are 
subperitoneal  and  do  not  communicate  with  the  interior  of  the  sac 
Tuberculosis  of  the  lymphatic  glands,  more  especially  those  ol  the 
mesentery,  seems  to  be  the  principal  primary  source  of  tube-  -  ^^^^ 
the  peritoneum.  An  old  caseous  gland  may  break  down  and  rupture 
nto  the  sac,  and  this  may  occvir  although  the  glands  may  be  only  to 
a  ^igh  degree  affected.  Tuberculosis  of  the  vertebr.  may  give  rise 
to  it  andin  some  cases  tuberculosis  of  the  testicle  and  vas  deferens  has 
ext tded  to  the  peritoneum,  the  disease  being  in  that  case  concent-tf 
Tthe  inguinal  region  where  the  vas  deferens  approaches  nearest  to  the 
peritoneum. 
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Having  reached  the  peritoneum  the  virus  is  carried  hither  and  thither 
throughout  the  sac  by  the  regular  currents.  The  consequence  is  the 
formation  of  innumerable  tubercular  nodules  and  an  Inflammation  of 
the  peritoneum.  The  inflammation  is  at  first  acute,  accompanied  by 
serous  and,  usually,  fibrinous  exudation  as  in  septic  inflammations. 
There  is  thus  often  considerable  swelling  of  the  abdomen.  In  some 
cases  the  inflammation  is  unusually  acute  and  it  may  even  be  suppur- 
ative in  character. 

By  the  time  the  case  comes  to  be  examined  post  mortem  the  acute 
stage  has  usually  passed  off'  and  we  find  evidences  of  chronic  inflam- 
mation in  the  form  of  thickening  of  the  peritoneum  and  multiple 
vascularized  adhesions  in  every  part.    The  loops  of  the  intestines  are 
adherent  to  each  other,  and  the  superficial  ones  to  the  anterior  wall  of 
the  abdomen;  the  omentum  is  adherent  to  the  intestine;  the  liver  to 
the  diaphragm,  and  so  on.    In  fact  the  peritoneal  cavity  is  obliterated 
by  adhesions.    In  the  midst  of  these  adhesions  are  numerous  yellow 
masses  of  very  various  sizes,  some  as  large  as  split-peas,  and  usually 
flat.     These  caseous  masses  are  composed  of  groups  of  tubercles 
which  have  very  much  the  character  of  those  found  in  tubercular 
pericarditis.    The  caseous  tubercles  have  developed  in  the  usual  way 
out  of  grey  miliary  tubercles,  and  examination  will  usually  show 
examples  in  the  various  intermediate  stages. 

The  condition  of  the  Omentum  is  worthy  of  special  mention.  It  is 
drawn  together  and  thickened,  and  closely  adherent  to  the  intestine 
and  wall  of  the  abdomen,  while  in  its  substance  numerous  tubercular 
masses  are  to  be  found. 

It  has  already  been  mentioned  that  Tubercular  pleurisy  often  develops 
in  association  with  tubercular  peritonitis.  There  is  in  the  pleura  for 
the  most  part  a  serous  and  sometimes  a  fibrinous  exudation,  and  as  the 
eruption  is  usually  recent  the  tubercles  are  in  the  form  of  small  white 
or  grey  nodules.  They  are  commonly  grouped  mainly  in  the  lower 
fnfectLn      ^  "^^^  indicating  the  source  of  the 

Healing:  is  not  infrequent  in  tuberciUar  peritonitis,  but  the  resulting 
o7,t^^i:T    ''"^^  ^^'^'"^  The  author  had  th^ 

rou!r  /at  'Tr.'  ^  ^^^^  ^''^^       P^^--*  passed 

through  an  attack  which  was  diagnosed  as  tubercular  peritonitis  The 

u  nrinTst  "'^r.'^^  ^^"^^^^^^^  tissue  adhesions  whlh 
utris  vLtrr^"^^  There  were  no 

deaTe  eol '    r"^^^    "^'^^  been  overcome  the 

caseous  matter  had  remained^  This  was  in  great  part  absorbed  as 

3  X 
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dead  animal  matter.  Where,  from  the  size  of  the  mass  or  otherwise, 
absorption  did  not  occur,  calcareous  infiltration  took  place.  The 
adhesion  of  the  peritoneum  may  be  more  localized,  and  by  the  stretch- 
ing of  the  adhesions,  bands  or  bridles  may  be  formed  under  which  the 
intestine  may  be  incarcerated.  The  author  has  observed  several  cases 
of  this  kind. 

In  Acute  miliary  tuberculosis,  the  appearances  are  altogether 
different  from  those  of  tubercular  peritonitis.  The  tubercles  are  very 
small  grey  nodules  hardly  visible  to  the  naked  eye  and  specially 
abundant  in  the  upper  part  of  the  abdomen  and  in  the  omentum. 
They  are  in  connection  with  the  blood-vessels  and  not  on  the  surface  of 
the  membrane,  being  really  subperitoneal,  and  there  is  no  inflammation. 

5.  Tumours  ofthe  peritoneum.— These  are  rarely  primary.  Lipomas 
of  small  size  originating  from  the  appendices  epiploicfe  are  common. 
They  are  usually  pedunculated  and  of  small  size.    The  tumour  may 
become  detached  by  narrowing  and  separation  of  its  neck  and  subse- 
quently acquiring  adhesions,  may  form  a  sessile  tumour  elsewhere,  as 
on  the  surface  of  the  diaphragm.    Lipomata  may  also  origmate  from 
the  subperitoneal  adipose  tissue,  and  may  attain  large  dimensions. 
They  conform  to  the  type  of  Diffuse  Lipomas.    Nolan  removed  one 
which  weighed  five  pounds  from  over  the  descending  colon  of  a  child 
21  years  old.   Cysts  are  occasionally  met  with  in  the  mesentery  and 
omentum.    Retro-peritoneal  sarcoma  is  not  uncommon.    The  tumour, 
sometimes  growing  to  a  very  large  size,  pushes  the  organs  before  it 
and  may  infiltrate  them.  _ 

Sometimes  we  meet  with  bulky  gelatinous  tumours  m  the  abdomen 
and  the  recognition  of  the  exact  nature  of  some  of  them  is  a  matter  oi 
considerable  difficulty.  Colloid  cancer  of  the  stomach  and  intestine  not 
infrequently,  as  we  shall  see  afterwards,  passes  on  till  it  reaches  the 
peritoneum,  and  may  result  in  the  formation  of  bulky  gelatinous  masses 
there  But,  besides  that,  there  are  primary  tumours  of  the  peritoneum 
which  belong  to  the  class  of  Cylindroma  or  Plexiform  angiosarcoma. 
In  these  cases  there  is  a  new-formation  of  blood-vessels  m  the 
adventitia,  of  which  a  peculiar  gelatinous  tissue  is  produced.  ihese 
tumours  may  attain  a  large  size,  weighing  as  much  as  forty  pounds. 

Primary  cancer  occurs  with  similar  characters  to  that  of  the  pleuia, 
and  like  that  form  it  is  sometimes  called  endothelioma.  The  tumour 
is  in  the  form  of  nodules  of  large  or  small  size  along  with  great 
thi  kenl  of  the  peritoneum.  There  is  also  great  serous  eflusion  and 
t^^Z  2o\hrinon.  deposition.  There  may  be  blood  in  the  exudation 
TecLdaJy  cancer  ofthe  peritoneum  will  be  considered  in  the  next 
section. 
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Lympho-sarcoma  is  not  such  ca  common  tumour  here  as  in  the 
mediastinum,  but  it  sometimes  originates  in  the  lymphatic  glands  of 
the  mesentery  and  involves  all  the  neighbouring  structures.  We  may 
thus  have  bulky  tumours  occupying  the.,  place  of  a  portion  of  the 
mesentery  and  intestine,  and  repeating  roughly  the  anatomical  relations 
of  these. 

Literature.— PAy.sio%y  and  General  Pathology— ^egseu,  Langenbeck's  Arch., 
XX.;  Geawitz,  Charite-Annalen,  1884,  p.  770;  Wateehouse,  Virch.  Arch.,  cxix., 
342.    Malformations— IjxviSQVi  Tait,  Dubl.  Jour,  of  Med.  Sc.,  1869;  Obstet.  Jour., 
iii.    ^tt'W!07TAar7es— Eecklinghausen,  Virch.  Arch.,  xxvi.,  1863;  Coedua,  Eesorp- 
tionsmech.  von  Blutergiissen,  1877;  Feiedeeich,  Virch.  Arch.,   Iviii.,  1873; 
B.AUMLEB,  ibid.,  lix.,  1874.   Chylous  ascites-Qm^cKB,  Deutsch.  Arch.  f.  klin.  Med., 
XXX.,  1882;  Coats,  Museum  Catalogue  of  Western  Infirmary,  Glasgow  (two  cases 
from  thrombosis  of  jugular);  Letulle,  Eev.  d.  Med.,  1884;  Whitla,  Brit.  Med 
Jour.,  1.,  1885;  Shaw,  Journ.  of  Path,  and  Bact.,  yi.,  1900.  Inflammation- 
Ghawitz  and  Wateehouse,  loc.  cit. ;  Klein,  Anat.  of  lymph,  syst.,  i.,  1873 ;  Oeth 
Vu-ch.  Arch.,  Iviii.,  1878;  Pbaenkel,  Deutsch.  med.  Wochenschr.,  1884;  Bauee' 
in  Ziemssen's  Cycl.,xiv.,  1878;  Abramow,  Ziegler's  Beitritge,  xxiii.,  1898;  Buttnee 
Ibid.,  XXV.,  1899;  Beunn,  Centralb.  f.  allgem.  Path.,  xii.,  1901;  Nicholls,  Studies 
trom  Eoyal  Victoria  Hosp.,  Montreal,  i.,  3,  1902.    Tulerculosis-'Ki.^^n  Virch 

n  7"  ^^^""^^  1870;  B.aumgabten,  Zeitschr.  f 

khn.  Med.,  X.,  1885;  Geawitz,  Charite-Annalen,  xi.,  1886;  Benndoee,  Ueber 
primare  u.  isoherte  Bauchfelltuberkulose,  Inaug.  Diss.,  Miinchen,  1899.  Lipoma 
-NOL.AN,  Australasian  Med.  Gaz.,  1898,  p.  145;  see  also  Catalogue  of  Path 
Museum  Western  Infirmary,  Glasgow,  2nd  edition.  Gysts-J^o^l,  Annals  of 
suig.,  xxxu.,  1900.  Primary  cancer— Bristowe,  Path.  Trans.,  xxi  1870- 
.Nee.se.,  Deutsch.  Arch.  f.  klin.  Med.,  xxxi.,  1882;  Bexeoek,  Chlrit^-Annalen,' 
viu  1883.  Lympho-sarcoma,  ete.-WicKHAM  Lego,  St.  Barth.  Hosp.  Eep.,  xi. 
1870  ;  Baendee,  Sarcoma  of  Peritoneum,  Inaug.  Diss.,  Greifswald,  1891. 

E.-The  Secondary  Extension  of  Cancers  of  the 
Abdominal  Organs. 
_  We  have  seen  in  the  study  of  the  diseases  of  the  stomach  and 

tumours  in  the  hver  and  peritoneum,  and  it  may  be  well  to  consider 

tTp               ^"'"""'^  ^^'^^  ^^^ondary  growths 

orga^^^,  m     itd'f""'''  "        ''''''  ^'^  " 

"nolub  that  L  '^"•'l  ^  ^bere 

fron  1^  ad  e        bZT       ^"^"^^  '''^'^           ^ort^l  vein 

material  find  ts\v.  ^"^^  ^^^^  ^he  cancerous 

tl^r  xtela    ?^  '            '"''^^^^  P°^^^^         ^    We  know 

lymphat'fr'    '    r       """"""^"'^  ^'^^fo^ly  the 

hTthe  .  '  '  '"'^  long  ^^-olved 

that  the  cancerous  material  reaches  the  blood 


1060 


SECONDARY  CANCER  IN  ABDOMEN. 


It  seems  probable  that  cancers  of  the  abdominal  organs  form  no 
exception  to  this  rule,  and  that  extension  to  the  liver  is  usually  a  late 
and  properly  a  tertiary  phenomenon,  although  the  concealed  and  pro- 
tected position  of  the  primai-y  tumour  and  of  the  secondary  lesions  in 
the  lymphatic  glands  renders  this  difficult  of  demonstration. 

Supposing  this  view  to  be  correct,  then  it  follosvs  that,  if  a  cancer  of  the  stomach 
or  intestine  causes  secondary  growths  in  lymphatic  glands  whose  Veins  are  not 
radicles  of  the  portal,  the  tumours  of  the  tertiary  order  would  not  be  in  the  liver 
but  in  the  lungs,  or  beyond  the  lungs,  in  organs  fed  by  the  systemic  arteries. 

The  author  met  with  a  case  of  cancer  of  the  stomach  in  which,  instead  of  the 
glands  immediately  outside  its  wall,  as  is  usually  the  case,  the  pre-vertebral  glands 
were  enlarged  and  cancerous.  One  of  these  was  adherent  to  the  wall  of  the  mferior 
vena  cava,  and  on  opening  this  vein  a  little  white  thrombus  was  seen  peepmg  out 
of  a  small  branch  which  emerged  from  the  large  gland  into  the  vem.  There  were 
cancerous  thrombi  in  other  veins  within  these  glands,  and  on  microscopic  examina- 
tion it  was  found  that  the  cancerous  tissue  in  the  glands  had  largely  broken  up  the 
veins,  and  epithelial  cells  were  found  in  them  along  with  the  blood.  In  this  case 
there  were  innumerable  cancerous  emboli  in  the  lungs. 

This  case  would  seem  to  indicate  that  cancers  in  lymphatic  glands,  by  breaking 
up  the  gland,  penetrate  into  the  venous  radicles  in  the  gland  and  pass  into 
the  general  circulation.  It  seems  a  legitimate  inference  from  his  case  that  wh  n 
the  liver  becomes  involved  in  cancer  of  the  alimentary  canal,  it  does  so  by  the 
portal  blood  becoming  infected  through  the  lymphatic  glands. 

There  remains  one  possible  difficulty  in  the  way  of  accepting  this  view  In 
external  cancers  it  is  exceptional  for  the  general  circulation  to  become  infected 
Th^dTsease  generally  goes  no  further  than  the  lymphatic  glands,  whereas  in  canc^ 
of  the  abdominal  organs  the  liver  is  affected  in  a  large  proportion  of  the  cases^ 
But  in  cases  of  external  cancer  the  patient  usually  suffers  from  ulceration  of  the 
plarj  or  secondary  growth  or  of  both,  and  dies  before  the  -Section  has  reached 
the  general  circulation.    In  the  case  of  abdominal  cancers,  however  the  organ 
tm^lvl  and  the  lymphatic  glands,  are  protected  by  ^-^^2.1^^ 
cancers  ale  not  so  apt  to  interfere  with  the  general  health  as  external  cancers  a  e^ 
IfTh  his t  r^  of  even  an  extensively  ulcerating  cancer  of  the  ^to^nach  be  -mpa  ed 
with  that  of'a  cancer  of  the  mamma,  the  difference  wil  be  ^^^J 
Tancer  of  the  stomach  does  not  produce  vomiting  or  stricture  J^^^^^^ 
Lay  be  for  a  long  period  very  little  disturbance  of  the  ^--^^^^  ^^^^^^^^^^  ^ 
:nore  than  symptoms  of  dyspepsia.    It  ^^f^.^^^'A""  causing 

cases,  that  a  cancer  of  the  stomach  may  go  on  foi  many  yeais 
death.    The  abdominal  lymphatic  glands  are  std  ^^^.J^^  ^^^ 
never  ulcerate,  and,  in  relation  to  direct  injury  to  health,  cancel  in 

"STeems  probable,  then,  that  in  cases  where  the  liver  is  ^^'^^^ 
much  longer  duration  in  its  primary  seat  than  -  -^^Itspltn  has  exisLl 
cancer  of  the  liver  are  often  examined  after  death .  in  -^-^  ^  ^^.^  ,,,,,, 

during  life  of  the  existence  of  a  Vprn^J^o^^  tZZr^r^ot  in  any  way  be 
may  possibly  have  been  going  on  for  a  peiiod  ^^llOse  qi 

estimated. 

Oanoerous  infection  of  the  peritoneum,  like  tlrat  of  the  liver,  occurs 
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by  extension  of  cancer  from  the  abdominal  organs.  The  seat  of  the 
cancer  may  be  any  of  the  abdominal  organs  ;  the  peritoneum  becomes 
infected  when  the  cancerous  material  finds  its  way  into  the  cavity. 

There  are  some  cancers  which  have  comparatively  little  tendency  to 
extend  along  the  lymphatics  to  the  glands,  but  prefer  to  insinuate 
themselves  among  neighbouring  structures,  and  advance  by  continuity 
of  tissue.  This  applies  especially  to  Colloid  cancer,  which  often  grows 
through  the  wall  of  the  stomach  or  intestine,  while  the  glands  are  hardly 
at  all  affected.  We  can  understand  that  a  cancer  with  such  a  rigid 
stroma  as  this  form  has,  and  with  cells  which  so  readily  swell  up  and 
become  transformed,  will  not  readily  allow  of  transportation  of  its 
elements.    But  this  form  of  cancer  very  readily,  after  growing  through 


(VmSHow*!')""'^*'"'"'"'''*''''  1''^"'^°"''"'"'  f™'"  stomach. 


the  wall  of  the  stomach  or  intestine,  infects  the  peritoneum,  and  there 
IS  no  form  of  cancer  which,  in  such  a  large  proportion  of  cases,  produces 
secondary  tumours  there. 

The  Cancers  of  the  ovary  being  already  very  close  to  the  peritoneum, 
readily  produce"  cancerous  infection,  and  do  so  in  almost  everv  form  of 
cancer.  Cancers  of  the  Pancreas  also  frequently  have  a  similar  course 
fpr  the  same  reason.  The  ordinary  cancers  of  the  alimentary  canal 
more  rarely  pass  through  the  walls  and  infect  the  peritoneum,  but  they 
sometimes  do.  It  is  besides  not  uncommon  to  meet  with  secondary 
cancers  of  the  Liver  which  have  produced  an  infection  of  the  peri- 
toneum some  of  the  tumours  of  the  liver  having  reached  the  surface 
and  extended  through  the  capsule. 

thrrZutlTT"' ""'^'"'^  ^"'^  peritoneum  it  is  carried 
,  te  t  '''^'^  by  the  movements  of  the 

verse  regions  (l^ig.  62,s).     It  may  be  remembered  that  in 
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the  peritoneum  there  are  innumerable  open  stomata  ready  to  absorb 
any  finely  divided  solid  matter  that  may  be  suspended  in  the  peritoneal 
fluid.  The  infective  material  will  therefore  be  carried  from  the  surface 
into  the  substance  of  the  peritoneum,  or  into  the  subperitoneal  tissue, 
and  the  resulting  tumours  are  really  beneath  the  surface.  They  form 
usually  flat  growths  with  a  smooth  surface,  the  general  surface  of  the 


peritoneum  being  perhaps  unbroken.  Not  infrequently  the  tumoui^ 
are  continuous  with  one  another  in  some  parts  of  the  abdonnnal  uall, 
a  layer  of  cancerous  tissue  appearing  like  a  subperitoneal  thickemng. 

The  Great  omentum  is  somewhat  peculiarly  situated  in  this  lespect. 
We  have  seen  that  it  probably  acts  as  a  kind  of  drain  -  th«  pent^^^^^ 
cavity  and  if  this  be  the  case  it  will  specially  absorb  any  matei  al 
vhth'.  ts  into  the  cavity.  In  accordance  with  this  there  is  usual  y 
cancer  of  the  peritoneum  great  new-formation  -  -."tim.^^^^ 
r-nllnid  cancer  it  sometimes  assumes  the  form  of  a  bulK>  heavy  mass 
^ee  Fig  629T  and  in  other  forms  we  have  it  gathered  up  and  converted 
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into  a  solid  tumour  lying  transversely  in  the  abdomen.  We  may 
venture  the  statement  that  this  fact  is  too  little  known  among 
physicians,  and  that  a  great  omentum  thus  altered  is  frequently  taken 
during  life  for  an  enlargement  of  the  liver,  or  a  primary  tumour  of  some 
obscure  kind. 

The  Appendices  epiploicse  are  also,  apparently,  highly  absorbent, 
and  cancerous  tumours  are  sometimes  found  in  them. 

The  relation  of  peritoneal  cancers  to  the  Diaphragm  presents  some 
points  of  interest.  We  have  seen  that  the  diaphragmatic  lymphatics 
communicate  with  the  peritoneal  sac  on  the  one  hand,  and  the  pleural 
sac  on  the  other.  In  peritoneal  cancers  the  diaphragm  is  usually  per- 
meated with  cancerous  growths,  and  these  are  often  in  the  form  of 
cords  as  if  following  the  course  of  the  lymphatics.  In  time  they 
extend  to  the  pleural  surface,  and  tumours  may  appear  there.  If  there 
are  no  pleural  adhesions  in  this  region  the  infective  material  passes  into 
the  pleural  cavity,  and  numerous  tumours  are  often  found,  especially 
in  the  lower  parts  of  the  pleura.  A  pre-existing  adhesion  of  the 
diaphragm  to  the  lung  prevents  this  extension  of  the  cancer. 


SECTION  IX. 


DISEASES  OF  THE  URINARY  ORGANS. 

A.  Tbe  Kidneys  and  Ureters. — Introduction.    1.  Structure,  2.  Normal  function, 
3.  Pathological  variations  in  function,  (a)  diminution  in  urea,  (h)  uraemia, 
(c)  albuminuria.    I.  Malformations  and  Misplacements— 1.  Congenital  mal- 
formations.   2.  Variations  in  position,  chiefly  the  movable  and  the  floating 
kidney.    II.  Disorders  of  Circulation,  chiefly  hyperasmia,   embolism,  and 
hajmorrhage.    III.  HypertropHy,  mainly  compensatory.  IV.  Hydronephrosis. 
V.  Bright's  disease— 1.  Causation.   2.  Forms,  (a)  Parenchymatous  or  tubular 
nephritis ;  changes  in  glomeruli,  epithelium,  etc.  ;  the  large  white  kidney ; 
the  contracted  fatty  kidney  ;  (h)  Interstitial  nephritis  ;  changes  in  interstitial 
tissue,  tubules,  glomerrili,  etc.  ;  cystic  formation.    3.  Character  and  origin 
of  tube  casts.    4.  Functional  changes  and  other  phenomena  ;  state  of  urine  ; 
increased  arterial  tension,  and  hypertrophy  of  left  ventricle ;  oedema  and 
dropsy,  etc.     Theory  of  vascular  changes.     VI.  Embolic  Inflammations, 
Metastatic  abscesses.    VII.  Inflammations  of  the  pelvis  and  of  the  Kidney 
in  association  with  the  Pelvis.    1.  Pyelitis.    2.  Pyelonephritis.    3.  Pyone- 
phrosis.   VIII.  Retrograde  changes— 1.  Amyloid  disease,  its  various  origms; 
mostly  with  interstitial  nephritis,  2.  Atrophy,  sometimes  local  from  aflection 
of  arteries,  3.  Parenchymatous  infiltration.    IX.  Concretions  and  Calculi; 
in  the  new-born  and  in  adults.    X.  Syphilis  and  Tuberculosis  ;  chiefly  local 
tuberculosis  or  renal  phthisis.    XI.  Tumours-Cysts,  including  cystic  de- 
generation  ;  Sarcomas  and  cancers.    XII.  Parasites. 
B  Urinary  bladder  and  Urethra.    1.  Congenital  malformations.    2.  Perforation 
and  rupture  of  bladder.    3.  Dilatation  and  hypertrophy,  including  diverticula; 
4  Disorders  of  circulation.   5.  Inflammation  of  bladder  (Cystitis),  chiefly  from 
decomposition  of  urine.    6.  Tuberculosis.   7.  Tumours.   8.  Parasites.   9  Con- 
cretions and  calculi ;  their  various  forms,  etc.   Diseases  of  the  Urethra,  chiefly 
Gonorrhoeal  inflammation,  and  stricture. 


A.— The  Kidneys  and  Ureters. 

INTRODUCTION.— In  studying  the  diseases  of  the  kidneys,  it  is 
necessary  to  bear  constantly  in  mind  the  general  facts  as  to 
their  structure,  otherwise  the  examination  of  the  organs  ^y^\\  lead 
to  confusion.  The  functions  of  the  kidney  must  also  be  understood 
in  their  outlines  in  order  that  the  changes  wrought  by  disease  may  be 
comprehended. 
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The  normal  kidney  measures  about  4  inches  in  length,  2^  in  breadth,  and  1^  in 
thickness.  The  weight  varies  considerably,  the  average  for  the  male  being  4^  to 
5  ounces,  and  for  the  female  slightly  less.  The  surface  is  smooth  and  the  capsule, 
although  closely  applied  to  the  surface,  can  be  readily  stripped  off.  On  section  the 
tissue  is  seen  to  be  very  regular,  the  distinction  of  pyramids  and  cortex  being  well 
defined. 


1.  Normal  structure. — When  a  section  of  the  kidney,  including 
both  cortical  and  pyramidal  substances,  is  examined  microscopically, 
the  difference  in  the  two  regions  is  seen  to  be  mainly  due  to  the 
irregular  and  convokited  course  of  the  uriniferous  tubules  in  the 
cortical  portion. 

If  attention  be  confined  to  the  cortex  it  will  be  seen,  as  in  Fig.  630, 
that  convoluted  tubules  are  not  the  only  kind  present.  There  are 
also  straight  tubules  prolonged  up  from  the  pyramids  in  the  form  of 
tapering  bundles  (a)  between  which  lie  convoluted  tubules  (b).  These 
tapering  bundles — the  medullary  rays  or  pyramids  of  Ferrein- — do  not 
reach  the  surface,  the  most  superficial  part  of  the  cortex  presenting  a 
continuous  layer  of  convoluted  tubules.  In  this  way  the  deeper  parts  of 
the  cortex  present  a  regular  division  into  alternating  areas  of  straight 
tubules  or  medullary  rays,  and  convoluted  tubules.  Among  the 
convoluted  tubules  lie  the  Malpighian  bodies  or  glomeruli  (e  in  figure). 
These  occur  somcM^hat  frequently,  and  at  tolerably  regular  intervals. 

In  addition  to  these  arrangements  of  the  tubules,  the  blood-vessels 
must  receive  attention.  The  larger  arteries  (cl,  Fig.  630)  run  between 
pyramids  and  cortex,  and  send  up  stems  given  off  at  right  angles  into 
the  cortex.  These  pass  at  intervals  into  the  region  of  the  convoluted 
tubules,  and  as  they  ascend  they  give  off  lateral  branches  to  the 
glomeruli.  It  will  thus  appear  that  the  areas  of  convoluted  tubules 
are  also  the  areas  of  the  ascending  arteries  (which  are  also  called  inter- 
lobular arteries)  and  glomeruli.  In  the  glomerulus  the  afferent  vessel 
breaks  up  into  a  congeries  of  capillary  vessels,  called  the  tuft.  These 
gather  together  to  form  the  eff-erent  vessel,  and  this  again  breaks  up 
nito  capillaries  which  surround  the  tubules  with  a  rich  network. 

The  large  arteries  which  run  between  the  pyramidal  and  the  cortical 
portions  also  give  off'  occasional  lateral  branches  downwards  to  the 
pyramids.  These  arteries  break  up  into  bunches  of  straight  arterioles 
(arteriiB  rectae,  c  in  Fig.  630)  which  are  increased  by  branches  coming 
down  fi-om  the  afferent  vessels  in  the  deeper  parts  of  the  cortex, 
ihese  bunches  of  arterioles  taper  as  they  pass  down  the  pyramids, 
•so  that  they  form  small  pyramids  with  their  bases  towards  the  cortex, 
i  hey  correspond  in  position  with  the  areas  of  convoluted  tubules, 
which  areas  they,  as  it  were,  prolong  down  into  the  pyramids. 
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2.  Function. — In  studying  tlie  functions  of  the  kidneys  we  have  to 
remember  in  the  first  place  the  course  of  each  uriniferous  tubule,  which 
maj  be  followed  in  the  annexed  diagram  (Fig.  631).  'It  begins  in  the 
Malpighian  body  (i).    Issuing  thence  the  tubule  becomes  convoluted 


Fitr  030. -Section  of  iiuruial  Idduey  including  cortex  and  base  of  pyi-annd  «^tli -J 
very  low  magnifying  power,  a,  mednllary  rays  ;  6,  convoluted  tubules  ;  « 
arterise  rectS  in  pyramids  ;  d,  larger  vessels  running  between  pyi-aniid  and  cortex  , 
c,  Malpighian  tufts  ;  /,  capsule,    x  12. 

(II),  and  then  dips  down  in  a  long  loop  (Henle's  loop)  Avhose  bend  h 
is  usually  in  the  pyramidal  portion.  Turning  upwards  (iv)  the  loop 
comes  back  to  the  cortex,  again  becomes  convoluted  (v),  and  then  opens 
sometimes  at  an  acute  angle,  into  a  straight  tubule  (vi)  which  passes 
directly  downwards,  joined  by  other  tubules  (vii),  till  it  opens  at  the 
apex  of  the  pyramid  (ix)  into  one  of  the  calices. 
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So  far  as  the  water  of  the  urine  is  concerned,  it  is  generally  agreed 
that  it  passes  from  the  blood  at  the  glomeruli ;  it  filters,  in  fact,  from 
the  capillaries  into  the  ends  of  the  tubules, 
view,  it  is  mainly  the  water 
which  passes 


According  to  Bowman's 


through 


Malpighian  bodies, 


at  the 
the  urea, 
urates,  etc.,  being  secreted  from 
the  blood  by  the  large  granular 
epithelium  which  lines  the  con- 
voluted tubules. 

It  seems  probable  that  Ludwig's 
view  is  correct,  that  the  water  jpassing 
through  at  the  glomeruli  is  jiartly  re- 
absorbed, but  that  the  function  of  the 
epithelium  is  not  confined  to  this.  In 
experiments,  in  which  indigo-sulphate 
of  sodium  was  injected  into  the  blood, 
it  was  found  that  this  substance  was 
excreted  by  the  epithelium  of  the 
tubules,  chiefly  that  of  the  convoluted 
tubules.  The  colour  of  the  substance 
rendered  it  possible  to  see  the  seat  of 
its  excretion.  As- an  inference  from 
this  it  may  be  supposed  that  the 
epithelium  is  activfily  engaged  in 
separating  urea  and  other  urinary 
constituents,  perhaps  changing  some 
of  them  in  transit. 

The  actual  amount  of  the 
urine  secreted  will  depend  on 
the  blood-pressure  in  the  vessels 
of  the  glomeruli  and  on  the 
quantity    of    blood  passing 


Fig.  G31.— Diagram  of  course  of  uriniferous  tu- 
bules from  Malpighian  bodj-  (I)  to  pyramid  (IX.) 
See  text.    (Quain.  ) 


through  these  vessels.  The  amount  secreted  will  be  increased  by 
increase  of  pressure  in  the  vessels  provided  that  the  amount  of 
blood  is  not  thereby  largely  decreased,  and  it  will  be  diminished  by 
any  cause  which  markedly  diminishes  the  pressure  in  these  vessels 
Considering  the  close  relationship  of  the  renal  vessels  to  the  systemic 
arteries  and  veins,  it  is  clear  that  the  blood  in  the  former  will  be 
liable  to  considerable  variations  in  pressure  and  in  the  speed  of  the 
current  from  circumstances  affecting  the  general  circulation,  such  as 
disease  of  the  heart  and  lungs. 

3.  Pathological  variations  in  function.— In  considering  the  various 
forms  of  disease  of  the  kidneys  it  is  necessary  to  consider  their  influence 
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on  the  functions  of  these  organs.  There  are  two  principal  pathological 
changes  in  function  which  merit  more  particular  consideration,  namely, 
diminution  in  the  amount  of  urea  and  albuminuria. 

(a)  Diminution  in  urea  and  other  excreta. — The  secretion  of  urea 
(and  other  excretory  products  of  less  known  composition)  is  chiefly,  as 
alreadj'^  mentioned,  a  function  of  the  renal  epithelium.  It  has  also  been 
indicated  that  the  secretion  of  water  is  effected  in  the  glomeruli,  so  that 
these  two  functions  are  exercised  in  diff'erent  situations  and  may  be 
variously  altered  without  relation  to  each  other.  The  amount  of  water 
may  be  greatly  in  excess,  whilst  the  percentage  of  urea  in  the  urine 
may  be  so  small  that  the  total  daily  amount  is  greatly  under  the  normal. 
It  may  be  said  that  relaxation  of  the  renal  arteries  with  increase 
in  the  general  blood-pressure  by  increasing  the  amount  of  blood  passing 
through  the  kidneys,  will  directly  increase  the  amount  of  water 
separated  in  the  glomeruli,  and  will  also  stimulate  the  separation  of 
urea  should  there  be  an  excess  of  the  latter  in  the  blood.  But,  if 
the  renal  epithelium  be  lost  or  paralysed,  there  may  be  a  great 
diminution  in  the  urea  excreted,  even  though  the  water  is  greatly 
increased.  Loss  of  the  epithelium  tends  in  another  way  to  produce  a 
watery  condition  of  the  urine,  as  the  function  of  the  epithelium  in  con- 
centrating the  urine  will  be  diminished.  It  may  thus  be  inferred  that 
while  interference  with  the  circulation  of  the  kidneys  by  stagnation  of 
the  blood  or  otherwise,  is  likely  to  diminish  both  the  water  and  urea, 
interference  with  the  epithelium  diminishes  the  amount  of  urea  whilst 
not  diminishing  the  secretion  of  water. 

(b)  Uraemia. — The  subject  has  already  been  referred  to  in  the  general 
part  of  this  work.  This  term  is  applied  to  a  group  of  symptoms,  the 
principal  of  which  are  vomiting,  sleeplessness,  headache,  convulsions  and 
coma,  which  are  liable  to  occur  when  the  excretion  of  the  essential 
urinary  constituents  is  seriously  diminished.  These  constituents 
retained  in  the  blood  act  as  poisons,  but  it  has  not  been  found  possible  to 
discriminate  amongst  the  various  symptoms  as  to  how  they  are  related 
to  the  different  constituents  of  the  urine,  the  chief  of  which  are  urea, 
creatine,  and  creatinine.  Urea,  at  least,  is  not  a  vigorous  poison,  and 
it  seems  to  be  only  when  in  great  excess  and  acting  for  a  considerable 
period  that  ursemic  symptoms  are  produced. 

There  are  two  diff'erent  ways  in  which  the  urinary  constituents  may 
be  caused  to  accumulate  in  the  blood.  The  excretory  apparatus  in  the 
kidneys  may  be  diseased  in  the  manner  referred  to  above  ;  in  particular 
the  secreting  epithelium  may  be  interfered  with.  But  the  outflow  of 
urine  may  be  hindered  by  obstruction  to  the  urinary  passages.  In  this 
latter  case  there  is  to  some  extent  a  re-absorption  of  the  urinary  con- 
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stituents,  but  as  the  ureters  and  pelves  become  distended  by  the  accumu- 
lating urine  the  secretion  in  the  kidneys  gradually  ceases  (see  under 
Hydronephrosis),  so  that  the  constituents  are  retained  in  the  blood. 
It  will  be  understood  that  whilst  ursemic  symptoms  most  readily 
develop  when  the  urine  is  diminished  or  suppressed  either  by  disease 
of  the  kidneys  or  by  obstruction  to  the  outflow,  its  occurrence  is  not 
inconsistent  with  even  an  excess  of  wateiy  ui'ine. 

Considerable  doubt  was  at  one  time  thrown  on  the  view  that  the  symptoms  of 
urtemia  were  due  to  poisoning  by  the  urinary  constituents.  The  injection  of  urea 
or  urine  into  the  blood  of  animals,  or  the  ingestion  of  urea  with  the  food,  led 
only  to  an  excessive  secretion  of  urine  and  failed  to  produce  the  symptoms.  Two 
theories  were  devised  to  account  for  these  apparent  discrepancies.  The  theory  of 
Traube,  that  the  symi^toms  are  due  to  cedema  of  the  brain,  is  not  now  accepted. 
Nor  is  that  of  Frerichs,  according  to  which  it  is  not  the  urinary  constituents  them- 
selves, but  the  products  of  their  decomposition,  chiefly  carbonate  of  ammonia, 
which  act  as  poisons.  Chemical  investigation  shows  that  there  is  no  excess  of 
carbonate  of  ammonia  in  the  blood  in  ursemia,  and  experiment  indicates  that 
carbonate  of  ammonia  when  introduced  into  the  blood  produces  symptoms  different 
from  those  of  uremia. 

It  is  the  accumulation  of  the  constituents  in  the  blood  which  produces,  after  a 
time,  an  intolerance  of  them.  If,  besides  injecting  urine  into  the  blood  in  animals, 
the  ureters  be  ligatured,  then  the  symptoms  of  urajmia  rapidly  manifest  themselves. 

(c)  Albuminuria. — By  this  term  is  meant  the  escape  of  the  serum- 
albumen  along  with  the  water  of  the  blood,  which  no  doubt  occurs  at 
the  glomerulus.  The  albumen  probably  undergoes  some  changes  after 
or  during  its  passage  (Kirk).  Albumen  is  found  in  small  quantities  in 
the  urine  of  some  persons  apparently  healthy,  so  that  a  condition  of 
so-called  Physiological  albuminuria  has  been  distinguished.  There 
are,  however,  in  such  cases,  only  slight  traces,  and  the  presumption 
is  that  some  disturbance  actually  exists  in  the  kidneys  in  all  cases 
of  albuminuria.  It  is  clear  from  the  variety  of  conditions  which 
may  lead  to  it  that  it  may  be  induced  by  a  comparatively  slight 
derangement. 

The  water  of  the  urine  is  eliminated,  as  already  mentioned,  mainly 
at  the  glomeruli  by  a  process  which  has  been  compared  to  filtration. 
If  it  were  a  simple  filtration,  albumen  would  be  present,  and  some 
observers  have  supposed  that  albumen  does  pass  through,  to  be  re- 
absorbed by  the  epithelium  of  the  uriniferous  tubules.  It  is  generally 
acknowledged  that  water  is  re-absorbed  in  the  tubules,  and  that  the 
urme  is  thus  concentrated,  but  the  re-absorption  of  albumen  is  much 
more  problematical.  Such  a  hypothesis  would  imply  that  the  appear- 
ance of  albumen  in  the  urine  was  due  to  the  failure  of  the  epithelium  to 
absorb,  and  we  should  expect  it  to  be  associated  with  an  excess  of  water. 


1070 


THE  KIDNEYS. 


Precisely  the  opposite  is  in  general  the  case,  and  albumen  is  more 
frequent  in  concentrated  than  in  dilute  urine. 

The  truth  seems  to  be  that  the  process  in  the  glomeruli  is  not  a 
simple  filtration,  but  a  transudation  through  a  living  membrane  of  com- 
plicated structure.  Wherever  such  transudations  occur  in  the  living 
body  there  is  some  selection  of  the  constituents  which  are  allowed  to 
pass,  and  although  the  transudation-fluids  are  albuminous  they  are  so  in 
very  varying  degrees.  Thus  the  percentage  of  albumen  in  cerebro- 
spinal transudations  is  about  1-5  per  cent.,  whereas  in  the  peritoneal 
and  pleural  cavities  it  may  be  five  or  ten  times  as  great  (see  p.  105). 
The  glomerulus  is  more  like  a  secreting  or  glandular  organ  than  a 
simple  filter.  The  water  in  passing  out  has  to  penetrate  the  walls  of 
the  vessels  and  then  a  layer  of  epithelium.  The  capillary  vessels  them- 
selves are  highly  cellular,  being  very  abundantly  nucleated,  and  the 
epithelium  clothes  the  tuft  completely  (Heidenhain).  These  structures 
exercise  a  selection  in  allowing  the  passage  of  the  constituents  of  the 
blood,  giving  transit  especially  to  water  and  salts.  It  is  a  very 
interesting  fact,  and  one  entirely  confirmatory  of  this  view,  that  while 
serum-albumen  is  retained,  egg-albumen  when  injected  into  the  blood 
of  animals  is  passed  into  the  urine.  (Stokvis  and  others.)  Any 
■derangement  of  the  delicate  glomerulus  is  likely  to  allow  of  the  passage 
of  albumen,  and  it  will  be  found  that  diseases  which  specially  afi"ect  this 
delicate  organ,  such  as  acute  inflammation  and  amyloid  disease,  are 
specially  characterized  by  albuminuria. 

It  is  not  improbable  that  albumen  may  reach  the  urine  from  other 
sources  than  the  glomeruli.  The  arterise  rectse  of  the  pyramids  occupy 
a  somewhat  similar  position  in  the  vascular  system  to  that  of  the 
glomeruli.  They  come  off  to  a  large  extent  directly  from  the  larger 
arteries,  and  the  blood  after  leaving  them  also  passes  into  capillaries. 
It  is  noticeable  also  that  they  and  the  glomeruli  are  the  structures  first 
and  chiefly  affected  by  amyloid  disease.  It  is  not  improbable  that  in 
inflammations  and  in  amyloid  disease  there  may  be  considerable  trans- 
udation of  serous  fluid  from  these  vessels,  which  may  find  its  way  into 
the  uriniferous  tubules. 

Literature.— -See  full  account  in  HEiDENHAra,  in  Hermann's  Phys.,  v.,  1880; 
Pantyuski,  Virch.  Arch.,  Ixxix.,  1880;  Teatjbe,  Ges.  Abhandl.,  1871 ;  Prerichs, 
Die  Brightsche  Krankh.,  1851;  Cohnhbim,  Gen.  Path.,  Syd.  Soc.  transl.,  iii.,  1890; 
Stokvis,  Recherches  exper.  sur  I'albuminurie,  Journ.  de  Soc.  Key.  de  Bruxelles, 
1867;  KiEK,  Glas.  Med.  Jour.,  xv.,  1881;  Heidenhain,  loc.  cit. ;  Senator,  Die 
Albuminurie,  1882  ;  Discussion  on  Albuminuria  in  Path.  Soc.  of  Glasg.  (by  Roberts, 
Hamilton,  Gairdner,  Greenfield,  Newman,  Coats,  etc.),  Glasg.  Med.  Jour.,  1884; 
Discussion  on  Diuretics  in  Brit.  Med.  Assoc.  (by  Barr,  Marshall,  etc,),  Brit.  Med. 
Jour.,  ii.,  1897;  Hellin  and  Spiro,  Arch.  f.  exper.  Path.  u.  Pharra.,  xxxviii., 
368 ;  Magnus,  ibid.,  xliv.,  396  ;  Cdshny,  Jour,  of  Physiol.,  xxvii.  and  xxviii.,  1902. 
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I.— MALFORMATIONS  AND  MISPLACEMENTS  OF  THE  KIDNEYS. 
1.  Congenital  malformations. — These  are  frequently  such  as  to 
produce  comparatively  little  interference  with  the  function  of  the 
organs.  This  does  not  apply  to  the  extreme  cases  where  both  organs 
are  absent  or  extremely  small.  This  only  occurs  with  serious  mal- 
formations of  the  body  as  a  whole,  and  the  child  does  not  survive. 


tro'liy'o't  tri'rill^^^'rctyr'  '""^       "^"""^        ^""^"^  ''"l^-    Compensatory  hyper- 

Defect  Of  one  kidney  is  not  infrequently  met  with  in  well-formed 
adults  without  any  sign  of  disease  of  the  kidneys  (Fig.  632)  It  is 
mostly  the  left  kidney  that  is  defective,  and  it  may  be  entirely  absent 
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its  vessels  and  a  diminutive  ureter  ending  in  a  piece  of  connective 
tissue.  The  other  kidney  in  these  cases  undergoes  a  compensatory 
hypertrophy. 

The  kidney  also  not  infrequently  shows  some  trace  of  the  Foetal 
lobulation  which  in  some  animals  is  normally  retained  throughout  life 
(see  Fig.  633). 


9 


Fig.  (533.— Fcetal  loliulatiuu 


if  adult  kidney  with  fcetal  kidney  for  comparison. 


Coalescence  of  the  two  kidneys  across  the  middle  line  is  one  of  the 
most  frequent  malformations.  Various  degrees  of  it  are  seen.  It 
may  be  a  simple  elongation  of  the  inferior  extremities  of  the  kidneys 
which  are  united  by  a  fibrous  band  passing  across  the  vertebrfe.  Or 
there  may  be  a  proper  isthmus  of  renal  tissue  uniting  the  two  kidneys 
into  one  and  forming  the  well-known  Horse-shoe  kidney  (Fig.  634). 
From  this  we  have  various  grades  on  to  complete  coalescence  of  the 
kidneys  into  an  elongated  or  square  body  across  the  vertebra.  In 
Fig  635  is  shown  a  not  uncommon  form-the  Sigmoid  kidney.  In 


MALFORMATIONS  OF  KIDNEYS. 


1073 


off  two  re>.al  arteries  ;  another  artery,  d  came  off  higher  up?  ' 

almost  every  case  there  are  two 
ureters,  but  they  may  be  in- 
creased in  number.  This  form 
of  kidney  is  often  depressed  in 
position,  even  coming  as  low  in 
some  cases  as  the  hollow  of  the 
sacrum.  When  depressed  the 
arteries  usually  have  abnormal 
origins,  as  from  the  common  iliac, 
hypogastric  arteries,  etc. 

2.  Variations  of  position.— 
These  may  be  congenital  or  ac- 
quired.   In  the  former  case  and 

in  some  of  the  latter  the  kidney 

is  fixed  in  its  unusual  situation. 

In  Congenital  malposition  it  is 

generally  the  left  kidney  which 

is  concerned.  It  may  be  de- 
pressed so  as  to  lie  as  low  as  the 

bnm  of  the  pelvis  or  even  in  its 


Fig.  635.-Tho  sigmoid  kidney. 
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cavity  (Fig.  636).  It  is  not  infrequently  seated  opposite  the  sacro-iliac 
synchondrosis.     Such  kidneys  have  usually  the  hilum  presenting 


Fig.  636.-Malpo8ition  and  malformation  of  the  right  kidney. 


forward,  and  are  flattened;  their  ^^-^^"iJ^^'^Zu 

end  of  the  aorta  and  of  the  d,a.  «■"^°;r'^2'  normal 

vessels.    The  kidney  may  also  be  nearer  the  middle 

or  in  the  middle  line. 
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The  malposition  may  be  acquired  by  the  j^ressure  of  tumours  or  of 
the  liver,  by  the  dragging  of  a  hernial  sac,  and  so  on. 

Movable  and  Floating  kidney. — These  terms  designate  two  condi- 
tions, both  of  them  characterized  by  undue  mobility  of  the  organ.  The 
kidney  normally  lies  behind  the  peritoneum,  which  covers  it  only  on  its 
anterior  surface.  The  organ,  being  in  the  loose  retro-peritoneal  tissue, 
is  surrounded  by  a  fatty  capsule  as  well  as  by  its  more  immediate  con- 
nective-tissue capsule.  It  is  fixed  to  the  posterior  wall  of  the  abdomen 
by  its  vessels,  partly  by  the  peritoneum  binding  it  down,  and  partly 
by  the  pad  of  adipose  tissue  which  forms  its  fatty  capsule. 

In  the  Movable  kidney  the  organ  is  unduly  mobile  behind  the 
peritoneum  ;  it  may  be  movable  within  its  fatty  capsule  or  may 
carry  this  with  it  in  its  displacement.  It  is  sometimes  greatly  dis- 
placed up  under  the  ribs,  down  into  the  pelvis,  or  for  a  short  distance 
across  the  middle  line,  although  usually  the  mobility  is  limited. 

The  undue  mobility  occurs  in  the  great  majority  of  cases  in  females,  and  it  is 
usually  on  the  right  side  (in  the  proportion  of  152  :  12 ;  see  Newman).  Its  fre- 
quency m  women  is  ascribed  to  the  disturbances  produced  by  pregnancy,  and  also 
to  the  wearmg  of  stays.  The  relations  of  the  right  kidney  to  the  liver  and  ascend- 
mg  colon  probably  account  for  the  greater  frequency  on  this  side.  The  heavy  liver 
especially  when  pushed  downwards  by  stays,  may  dislocate  the  kidney,  and  the 
ascendmg  colon  is  more  loosely  attached  on  the  right  side  of  the  abdomen  than  is 
the  descendmg  colon  on  the  left.  Eapid  ema'ciation,  by  diminishing  the  pad  formed 
by  the  fatty  capsule,  is  not  an  infrequent  cause.  It  is  stated  that  there  may  be  a 
local  dimmution  of  the  fat  in  the  capsule. 

Floating  kidney  is,  strictly,  a  kidney  with  a  meso-nephron  The 
peritoneum  covers  both  surfaces  of  the  organ,  and  forms  a  mesentery 
which  contains  the  vessels.  This  form  is  excessively  rare,  and  its 
existence  has  been  denied  by  some.  It  is  of  congenital  origin.  The 
degree  of  mobihty  is  not  greater  than  in  many  cases  of  movable  kidney, 
and  the  two  conditions  are  scarcely  distinguishable  during  life. 

The  movable  kidney  is  not  very  liable  to  secondary  changes,  although 
sometimes  he  abnormal  position  interferes  with  the  flow^h rough  tie 
ureter,  and  leads  to  hydronephrosis,  or  even  inflammation  of  the  pelvis 
Of  more  importance  is  the  fact  that  by  dragging  there  may  be  se  bus 
nervous  disturbances  in  the  form  of  excruciating  cramps     The  ddnev 

of  littTo'lm;:^^^^^^^^^  °  T?;     r^^^^-^^^^^  - 

course  or^nTtl  """^       ^""''^^^  '^^^"^  whole 

Te'al  divfsi    sTf;  7\-  .^'i!  P^^"'^  ^«  d-ble  or  in 

ureter    Th    "tt  "^^''^        '  "^^^^^^^^^  ^th  the 

eter.    The  ureter  may  arise  from  the  pelvis  at  an  acute  angle  or 
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there  may  be  a  kind  of  valve  in  the  course  of  the  ureter  from  a  fold 
of  mucous  membrane. 

Literature.— Eayer,  Traite  des  malad.  des  reins,  iii. ;  Fokster,  Die  Missbil- 
dungen;  Lancereaux,  L'Union  mdd.,  1880;  Landau,  Die  Wanderniere  d.  Frauen, 
1882;  Eeports  of  Committee,  Path.  Trans.,  xxvii.,  1876;  Newman,  Surgical  dis.  of 
kidney,  1888  ;  Bosteom,  Path.  Anat.  der  Niere,  1886 ;  Sutherland  and  Edington, 
Glas.  Med.  Journ.,  i.,  1898,  and  Glas.  Hosp.  Eeports,  iii.,  1901;  Morris,  Surg. 
Diseases  of  Kidney,  1902  ;  Jores,  Lubarsch  &  Ostertag,  Ergebnisse,  vi.,  1901. 


II. -DISORDERS  OF  THE  CIRCULATION  IN  THE  KIDNEYS. 
Active  hypersemia  is  caused  by  dilatation  of  the  renal  arteries.  This 
may  result  from  traumatic  injury  to  the  vaso-motor  centre  in  the 
medulla  oblongata.   In  a  case  of  this  kind  observed  by  the  author  there 
was  the  most  intense  hypersemia  with  enlargement  of  both  kidneys,  the 
injection  affecting  all  the  vessels.   During  the  few  hours  that  the  patient 
survived  large  quantities  of  urine  were  twice  removed  by  the  catheter, 
and  after  death  the  bladder  was  again  found  distended  by  a  watery 
urine.     Again,  we  may  have  an  active  hypersemia  from  removal  of 
pressure,  as  after  excision  of  large  tumours  from  the  abdomen  or  the 
removal  of  ascitic  fluid,  or  even  the  removal  of  fluid  from  the  pleura. 
Under  these  circumstances  there  is  often  for  a  day  or  two  excessive 
secretion  of  urine  lasting  till  the  renal  vessels  resume  their  normal 
state  of  contraction. 

The  hyperemia  which  follows  on  the  administration  of  certam 
poisons,  such  as  cantharides,  arsenic,  and  carbolic  acid,  is  to  be  regarded 
as  really  inflammatory.  . 

Passive  hypersemia  results  from  obstruction  to  the  venous  circula- 
tion, and  is  most  frequently  met  with  in  valvular  disease  of  the  heart 
and  in  diseases  of  the  lungs  in  which  the  circulation  is  seriously 
interrupted,  as  in  severe  emphysema. 

If  the  obstruction  take  place  suddenly  there  may  be  very  intense 
enc^orgement  of  the  renal  vessels  and  considerable  haemorrhage  from 
the  glomeruli,  so  that  their  capsules  and  the  tubules  contain  blood. 

In  the  more  usual  chronic  cases,  such  as  occur  so  frequently  in  cases 
of  heart  disease,  the  kidneys  present  an  increase  in  density  due  to 
Cyanotic  induration  (see  p.  72).  There  is  also  a  g-^-^  ^^^^ 
but  this  is  usually  most  manifest  in  the  pyramids  where  the  arterial 
rect^  often  showVery  special  dilatation,  indicated  by  exaggeration  of 
the  red  streaks  which  pass  from  the  bases  of  the  pyi-ids  in  t  ie 
direction  of  the  apices.  The  glomeruli  are  also  visible  m  the  cortex 
arsmall  red  spots'  In  congenital  cardiac  affections  the  condition  i. 
often  extreme  (see  Fig.  637). 
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Microscopic  examination  shows  great  overfilling  of  the  vessels, 
accompanied  in  many  cases  with  atrophy  of  the  epithelium  of  the 
tubules,  which  is  not  infrequently  fatty.  There  is  often  blood  in  the 
glomeruli  and  tubules,  and  sometimes  brown  pigment  which  has  formed 
from  the  blood.  This  pigment  may  be  partly  crystalline.  The  tubules 
also  frequently  contain  hyaline  tube-casts. 

Thrombosis  of  the  renal  veins  is  sometimes  a  result  of  passive 
hyperaemia,  but  it  usually  occurs  just  before  death  and  when  the 


.  Pig.  63 (.—Passive  hypeTOmia  of  kidnev  ^Sg' iiif^irction  of  the  kidney.  The 
m  congenital  cardiac  disease.  ^    T-       '^Prearance  and  wedge  shape  of  the  infarc- 

tion are  represented.   (After  Raybr.) 

patient  is  very  much  debilitated.    The  author  met  with  it  in  a  ease 

izi- 1*^^"^^  "^'"^      -  -    of  .on„:hr: 

Embolism  of  the  kidney  is  very  frequent.    Kememberin.  that 

Se  art  rie  0  r  lf"''T^  "'f^'*""  "rtually  always  oceurs. 
the  i^hr  ^^'ributed  primarily  to  the  eortex 

extend  alsolLrt^e  p^amas  ""'^^  "  ^" 

As  a  rule  the  infaretion  is  of  a  pale  colonr  and  of  dense  eonsistenee, 
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the  tissue  having  undergone  Coagulation-necrosis.  There  is  not 
generally  much  haemorrhage,  but  usually  at  the  margin  there  is  some, 
and  if  the  infarction  be  small  the  haemorrhage  may  extend  throughout 
it.    Around  the  infarction  there  is  a  zone  of  hypersemia. 

The  kidney  tissue  seems  to  undergo  necrosis  very  readily  when  deprived  of  blood. 
Litten  found  that  when  the  renal  artery  was  ligatured  for  two  hours  the  renal 
epithelium  was  already  necrosed.  This  is  probably  the  reason  why  the  infarction 
seldom  takes  the  htemorrhagic  form.  The  readiness  with  which  the  renal  epitheUum 
dies  is  frequently  shown  in  infarctions  of  the  kidneys,  and  is  illustrated  in  Figs.  204 
and  205,  p.  373.  At  the  peripheral  parts  of  the  infarction,  and  in  small  ones 
throughout  it,  the  epithelium  may  be  found  dead,  as  evidenced  by  the  absence  of 
nuclear  staining,  whilst  the  connective  tissue  remains  alive,  having  its  nuclei  fully 
stained. 

The  infarction  gradually  undergoes  absorption,  and  is  replaced  by  a 
cicatrix.  In  this  way  deep  depressions  of  the  kidney  may  occur,  and 
if  there  are  several  of  them  the  kidney  may  assume  a  lobed  appear- 
ance. In  cases  of  old  mitral  or  aortic  disease  it  is  very  common  to 
find  deep  cicatrices,  indicating  that,  probably  at  the  time  of  acute 
endocarditis,  embolism  of  the  kidney  had  occurred. 

The  kidney  is  not  infrequently  the  seat  of  Septic  embolism  m 
pyaemia,  ulcerative  endocarditis,  etc.  (see  Fig.  46,  p.  157,  and  Fig.  330 
p.  524).    The  result  is  the  formation  of  miliary  abscesses,  which  will 
come  up  for  consideration  hereafter. 

Hemorrhage  from  the  kidney  is  very  frequent  and  important.  It 
is  of  common  occurrence  in  acute  nephritis,  and  is  not  infrequent  in 
chronic.  It  is  a  frequent  symptom  in  tumours  of  the  kidney,  especially 
in  cancers  and  cystic  degeneration,  and  it  results  from  calcuh  in  the 

pelvis  of  the  organ.  .     «■  tv,. 

Purpura  and  scurvy  seem  to  have  a  special  tendency  to  affect  the 
pelvis  of  the  kidney,  causing  bleeding  from  its  mucous  membrane.  A 
peculiar  and  interesting  form  is  met  with  in  infants  in  whom  a 
scorbutic  condition  has  been  induced  by  artificial  feeding  without 
sufficient  fresh  milk.  In  this  case  blood  in  the  urine  may  be  the  only 
direct  symptom  of  scurvy.    (See  Dickinson.)  ,  inn,l  i. 

When  the  hemorrhage  is  from  the  kidney  proper  the  blood  is 
intimately  mixed  with  the  urine,  as  in  Bright's  disease  and  scurvy. 
When  the  bleeding  is  from  the  pelvis  as  from  calcdi,  — ,jtc 
the  blood  is  often  coagulated,  and  when  found  m  the  unne  it  som  - 
"a;  an  elongatel  worm-like  form  acquired  ^ 
the  ureter  This  passage  causes  much  pain.  Haemorrhage  into  the 
parts  arold  the  kidney  will  only  occur  in  cases  of  rupture  from  n,ury 
of  the  organ. 
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Literature. — Cohnheiu,  Die  embol.  Process,  1872,  and  Allg.  Path.,  ii. ;  Litten, 
Hffimorrh.  Infarc,  1877,  and  Virch.  Arch.,  Ixxxviii.,  1882;  Eecklinghausen 
(Eetrograde  embol.  of  renal  vein),  ibid.,  c,  1885  ;  Dickinson,  Eenal  and  urinary 
affections,  part  iii.,  1885;  Jores,  loc.  cit.,  1901. 


III.— HYPERTROPHY  OP  THE  KIDNEY. 

Compensatory  hypertrophy  of  the  kidney  readily  develops  when  one 
kidney  is  lost  or  cougenitally  defective.  In  the  case  of  congenital 
absence  of  one  kidney  the  other  will  be  found  homogeneously  enlarged 
and  weighing  nearly  the  same  as  the  two  normal  kidneys  together 
(see  Fig.  632).  The  different  regions  of  the  kidney  bear  the  same 
relations  to  each  other,  each  being  enlarged  in  its  due  proportion.  The 
function  of  the  kidneys  is  also  completely  carried  out  by  the  single  one. 

It  has  been  determined  by  experiments  in  animals  that  compensatory 
hypertrophy  develops  after  excision  of  one  kidney  in  full-grown  animals, 
although  it  is  more  complete  when  the  operation  is  done  in  the  new- 
born. It  is  remarkable  how  soon  after  such  excision  complete  restora- 
tion of  the  renal  functions  occurs,  the  secretion  of  urea  having  reached 
its  normal  in  one  case  about  two  days  after  the  operation,  and  the 
animals  having  remained  from  the  first  apparently  unafi"ected  in  health. 

In  the  hypertrophied  kidney  there  is  new-formation  of  tissue.  There 
is  not,  however,  a  numerical  increase  in  the  lobules  of  the  kidney,  the 
glomeruli  not  being  increased  in  number,  although  slightly  in  size.  As 
the  capsules  are  the  expanded  ends  of  the  tubules,  the  latter  also  are 
not  increased  in  number.  They  are  not  even  increased  greatly  in 
diameter,  and  the  hypertrophy  seems  to  consist  chiefly  in  an  elongation 
and  increased  convolution  of  the  tubules,  with  great  new-formation  of 
epithelium. 

Besides  this  form  of  compensatory  hypertrophy,  there  may  be  an 
enlargement  of  both  kidneys  in  diabetes  insipidus,  and  perhaps  also  in 
diabetes  mellitus. 

Literature -EosENSTEiN,  Virch.  Arch.,  liii.,  1871;  Gudden,  ibid.,  Ixvi.,  1876- 
Grawixz  and  Iskael,  ibid.,  Ixxvii.,  1879;  Beumer,  ibid.,  Ixxii.,  1878;  Coats,  Pro- 
ceedings Med  Soc  of  London,  vii.,  1884;  Sacerbotti,  Virch.  Arch.,  cxlvi.,  1896- 
AscHOFF,  Lubarsch  &  Ostertag,  Ergebnisse,  v.,  1900. 

IV.  —HYDRONEPHROSIS. 
Hydronephrosis.-In  this  condition  there  is  dilatation  of  the  pelvis 
urethr^''  '  obstruction  of  the  ureter  or 

Obstruction  of  the  urethra  may  be  congenital  or  acquired.  In  the 
latter  case  there  is  first  dilatation  and  hypertrophy  of  the  bladder. 
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and  then  of  the  ureters  and  pelvis.  In  all  such  cases  the  hydrone- 
phrosis is  double,  although  it  is  not  always  equal  on  the  two  sides. 

Obstruction  of  the  ureters  may  occur  in  any  part  of  their  course. 
Tumours  or  inflammatory  swellings  in  the  pelvic  organs  may  obstruct 
the  lower  ends,  and  usually  both  ureters  are  affected.  Calculi  descend- 
ing from  the  pelvis  of  the  kidney  occasionally  cause  obstruction.  A 
peculiar  form  of  obstruction  is  that  in  which  the  ureter  does  not,  as  in 
the  normal  condition,  form  a  continuation  of  the  pelvis  of  the  kidney, 
but  starts  from  it  at  an  acute  angle,  passing  obliquely  through  its  wall. 
This  is  probably  a  congenital  malformation.  Of  similar  origin  is  pro- 
bably the  occurrence  of  valves  in  the  course  of  the  ureter.  More 


Fig.  639.— Hydronephrosis  of  right  kidney.    Aberrant  renal  vessels.    Viewed  from 
behind. 

unusual  causes  are,  pressure  from  without  by  a  renal  artery  or  vein 
taking  an  unusual  course  so  as  to  cross  the  ureter  (see  Fig.  639) ; 
abrupt  bends  in  the  ureter  which  may  be  congenital  or  may  arise 
from  the  ureter  making  an  unusually  abrupt  turn  over  the  brim  of 
the  pelvis  when  the  edge  has  been  rendered  sharper  than  usual  by 
emaciation. 

It  appears  from  the  last  instance  that  a  comparatively  small  external 
pressure  may  obstruct  the  ureter,  and  that  the  urine  in  the  pelvis  and 
ureter  is  at  such  a  low  pressure  as  to  be  incapable  of  overcoming  a 
comparatively  slight  resistance. 

In  some  congenital  cases  no  evidence  of  obstruction  can  be  found 

(Fig.  640). 

The  existence  of  some  of  these  causes  has  been  doubted,  chiefly  the  existence  of 
a  valved  aperture  by  the  ureter  arising  from  the  pelv.s  at  an  acute  angle  and  the 
occurrence  of  valves  in  the  course  of  the  canal.    There  are  two  specimens  of  the 
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former  kind  in  the  Western  Infirmary  Museum,  Glasgow  (see  Catalogue),  and  Dr. 
Sainsbury  has  published  an  apparently  undoubted  case  of  the  latter  form.  The 
author  has  also  recorded  a  case  in  which  a  branch  of  the  renal  artery  had  so 
crossed  the  ureter  just  at  its  emergence  from  the  pelvis  as  to  produce  an  obstruc- 
tion.   Pig.  639  represents  another  example  of  the  same. 

According  to  statistics  collected  by  Newman,  the  obstruction  arises,  in  the 
large  majority  of  cases,  either  from  obstruction  of  the  urethra  or  from  tumours 
of  the  pelvic  organs,  which  may  involve  the  ureters.  These  causes  produced 
hydronephrosis  in  400  out  of  448  cases  of  double,  and  133  out  of  215  cases  of  single 
hydronephrosis.  Eenal  calculi  form  the  most  frequent  cause  of  single  hydronephrosis. 


Fig.  e-rO-Congenital  hydronephrosis  with  dilatatioi.  of  the  bladder  and  ureters. 


The  result  of  the  obstruction  is  dilatation  of  the  pelvis  and  calices 
(see  r.g  641  and  Fig.  663,  p.  1113),  but  in  addition  there  is  freq^  t  y 
a  considerable  destruction  of  renal  tissue.  That  is  to  say  the 
dilatation  of  the  calices  causes  atrophy,  first  of  the  papili'^  eh 
project  into  them  and  then  of  the  pyramidal  portion  of  the  kidn  y 

th"e  ttid  f  %^T?"n  °'  ^«        sometimes  find 

+1,.  ^  lurcner.  ine  dilated  calices  increase  in  volume  till  in 
the  most  extreme  case,  the  kidney  is  replaced  by  a  Cyst  which 
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represents  dilated  pelvis  and  calices,  partitions  existing  in  it  cor- 
responding to  the  divisions  between  the  calices.  When  this  has 
occurred,  the  cyst  may  go  on  enlarging  so  as  to  form  a  tumour  of 
great  bulk.  The  ureter  is  also  dilated,  often  so  greatly  as  to  look  like 
a  piece  of  small  intestine.  It  generally  becomes  convoluted  in  its 
course  as  well. 

It  is  not  in  every  case  quite  apparent  what  circumstances  determine 
the  degree  of  hydronephrosis.  Complete  obstruction  leads  usually  to 
a  comparatively  slight  hydronephrosis,  the  most  extreme  degree  being 


Fig  641  — Hydi-onephrosis  with  gi-anular  atrophy  of  the  kidney.   The  other  kiduey 
showed  a  marked  compensatory  hypertrophy.  (Virchow.) 

reached  in  cases  where  on  one  side  there  is  either  an  incomplete 
obstnxction  or  one  which  gives  way  at  intervals,  such  as  a  valved  con- 
dition of  the  upper  orifice  of  the  ureter. 

The  ureter  has  been  ligatured  in  animals  and  the  processes  observed.  The 
first  result  is  dilatation  of  the  pelvis  and  of  the  ureter  above  the  ligature.  The 
tension  of  the  urine  in  the  ureter  also  rises  up  to  a  certain  point,  which 
however  is  far  below  the  blood-pressure.  When  this  point  is  reached  the  full 
extent  of  the  distensile  force  derived  from  the  secretion  of  the  urine  is  attained. 
The  secretion  of  the  water  of  the  urine,  consisting  in  a  transudation  through 
the  vessels  of  the  glomeruli,  is  directly  proportionate  to  the  difierence  in  pressure 
between  the  blood  in  the  tufts  and  the  fluid  in  the  tubules,  and  when  the  pressui;e 
in  the  tubules  is  raised  the  secretion  of  urine  ceases  as  soon  as  a  state  of  equili- 

'''Z^eTtLtt't^o  elements  in  the  problem  still  to  be  considered  la 
cals  whe"  the  ureter  has  been  ligatured  in  animals  the  actual  dilatation  of  the 
pe  V  s  and  calices  has  been  comparatively  slight,  the  state  of  equilibrium  of  tension 
£  easily  reached.     And  so  in  the  human  subject,  when  the  obstruction  s 
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excessive  secretion  of  urine.  As  a  matter  of  fact  the  sudden  relief  of  an  obstruc- 
tion of  the  ureter  has  been  found  to  be  followed  by  an  excessive  secretion  of  urine 
which  contained  albumen.  Where  then  there  are  such  repeated  sudden  collapses 
and  dilatations  the  advance  of  the  hydronephrosis  is  most  complete. 

The  fluid  contained  in  the  cavity  is  at  first  urine,  but  as  the  condi- 
tion becomes  fully  established  the  urinary  constituents  become  absorbed 
and  a  watery  albuminous  fluid  is  found.  In  rare  cases  a  colloid  matter 
or  a  fatty  milky  fluid  has  been  observed. 

It  sometimes  happens  that  where  a  prolonged  obstruction  has  existed 
the  external  fatty  capsule  of  the  kidney  is  greatly  thickened, 
while  only,  a  moderate  hydronephrosis  exists,  i.e.  the  size  of  the 
organ  is  not  greatly  increased.  It  is  not  unlikely  that  an  oedema  of 
the  capsule  following  the  obstruction  of  the  ureter  may  be  the  cause 
of  this  great  accumulation  of  fat  by  afibrding  an  extra  supply  of 
nourishing  fluid,  or  perhaps  by  acting  as  a  prolonged  irritant. 

We  sometimes  meet  with  cases  resembling  hydronephrosis,  but  in 
which  some  of  the  cysts,  representing  dilated  calices,  do  not  communi- 
cate with  the  pelvis,  but  form  Independent  cysts.  This  occurs  when 
from  inflammation  there  has  been  partial  or  complete  obliteration  of 
the  pelvis  (see  under  Pyonephrosis). 

Literature.— BoKiTANSKY,  Lehrb.,  iii. ;  Coats,  Catal.  of  Western  Inf.  Museum, 
Glasgow;  Samsbury,  Path.  Trans.,  xxxvii.,  1886;  Newman,  Lect.  on  Surg.  dis. 
of  kidney,  1888,  and  Glas.  Med.  Jour.,  vol.  xxxv.,  1891;  Mobbis,  loc.  cit.,  1902. 


V. -BRIGHT'S  DISEASE.  NEPHRITIS. 

The  term  Bright's  disease  is  here  limited  to  Simple  inflammations  of 
the  Kidneys,  whether  acute  or  chronic,  which  are  bi-lateral,  and  hence 
due  to  conditions  of  the  blood.  The  inflammation  does  not  occur 
around  definite  centres,  and  seems,  therefore,  to  be  due  to  substances 
in  solution  acting  on  the  kidney  tissue.  The  term  is  thus  synonymous 
with  Nephritis,  excluding  those  forms  of  inflammation,  such  as  septic 
inflammation,  which  are  due  to  the  local  action  of  microbes. 

1.  Causation.-The  irritant  dissolved  in  the  blood,  as  just  mentioned 
acts  on  both  kidneys  and  on  all  parts  of  them.  But,  as  the  cortex 
contains  the  more  active  secreting  tissue  of  the  organ,  and  as  the  blood 
IS  primarily  distributed  to  it,  we  find  that  the  inflammatory  manifesta- 
tions occur  chiefly  in  that  region.  Again  in  the  various  forms  of  Bright's 
disease  we  do  not  find  the  different  constituents  of  the  kidney  tissue 
equally  involved.  An  irritant  brought  to  the  kidneys  by  the  blood 
may  show  a  predilection  for  the  renal  epithelium  on  the  one  hand,  or 
the  connective  tissue  on  the  other.    It  may  be  said,  indeed,  that  for 
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the  most  part  irritants  which  act  through  a  long  period  and  with  little 
intensity  produce  a  chronic  inflammation  mainly  affecting  the  connec- 
tive tissue.  On  the  other  hand,  irritants  which  act  intensely  so  as  to 
produce  acute  inflammation,  while  they  induce  the  usual  changes  in  the 
blood-vessels  which  we  have  seen  to  occur  in  acute  inflammations,  afi"ect 
mainly  the  glomeruli  and  the  epithelium  of  the  uriniferous  tubules.  It 
may  therefore  be  said  that  acute  inflammations  are  mostly  Parenchy- 
matous, while  chronic  inflammations  are  mostly  Interstitial. 

The  Nature  of  the  irritant. — There  are  some  forms  in  which 
the  specific  poison  of  an  infective  disease  is  the  agent.  Thus  Acute 
Bright's  disease  is  a  frequent  sequela  of  Scarlet  fever,  and  more 
rarely  of  measles  and  other  acute  fevers.  This  would  indicate  that  in 
other  cases  of  acute  nephritis  an  organic  poison  is  the  probable  cause. 
No  such  agent  can  be  definitely  distinguished  in  a  large  proportion  of 
cases.  The  disease  is  often  ascribed  to  Cold.  In  this  connection 
Dickinson  points  out  that  cold  mostly  produces  nephritis  when  the 
person  is  exhausted  or  asleep,  or  when  the  exposure  has  occurred 
immediately  after  profuse  perspiration.  It  is  as  if,  the  functions  of  the 
skin  being  suspended,  some  deleterious  material  had  accumulated  in 
the  blood  and  irritated  the  kidneys.  It  appears  that  nephritis  hardly 
occurs  in  persons  exposed  to  cold  in  the  Arctic  regions,  probably 
because,  the  respiration  being  more  vigorous,  the  deleterious  material 
is  carried  oif  by  the  lungs.  In  warm  climates  also  nephritis  is  un- 
common, probably  because  the  body  is  less  liable  to  sudden  exposure 
to  cold  than  in  temperate  regions. 

As  to  the  nature  of  the  irritant  in  Chronic  Bright's  disease  we  have 
in  Gout  an  irritant  which  is  known  to  produce  inflammation  in  other 
parts  besides  the  kidneys.  The  pathology  of  gout  is  not  very  apparent, 
but  there  is  an  obvious  alteration  in  the  blood  in  consequence  of  which 
salts  of  uric  acid  are  deposited  in  certain  joints,  generally  with  signs  of 
acute  inflammation.  The  same  condition  of  the  blood  frequently 
induces  chronic  nephritis,  and  it  is  remarkable  that  when  it  attacks  the 
kidneys  it  is  less  likely  to  aff"ect  the  joints,  and  vice  versa.  Among  the 
working  classes  gout  largely  arises  from  chronic  Lead-poisoning  (see 
statistics  in  Dickinson's  work  on  Albuminuria),  and  in  these  cases  the 
disease  is  particularly  liable  to  attack  the  kidney,  so  much  so  that  a 
large  proportion  of  painters  and  others  who  work  with  lead  die  of 
chronic  nephritis.  Where  gout  is  due  to  the  constant  use  of  alcohol 
the  disease  is  more  liable  to  attack  the  joints.  Chronic  nephritis  is 
also  sometimes  induced  by  the  poison  of  Syphilis.  In  this  case  it  is 
apt  to  be  associated  with  amyloid  disease,  but  may  also  occur  as  a 
simple  inflammation. 
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Preg^nancy  not  infrequently  leads  to  a  chronic  nephritis,  in  all 
probabihty  by  obstructing  the  vessels  of  the  kidney  by  the  pressure  of 
the  uterus.    In  recent  cases  there  is  extreme  hyperemia  of  the  kidney 
w-hich,  with  repetition  of  the  cause,  may  go  on  to  assume  the  regular 
characters  of  chronic  nephritis. 

Lastly,  there  are  cases  in  which  there  is  no  special  cause  apparent 
and  we  can  only  say  that  the  person  has  been  exposed  to  some 
influence  whose  nature  we  do  not  know.    In  many  cases  the  disease 
has  been  very  prolonged,  and,  all  through,  the  actual  active  disease  at. 
any  particular  time  has  been  very  slight.    With  this  very  insidious 

Xevs  be7  P^^--"^  ^^-g-  - 

organs  '  '^"^^'"^  ^^"^  ^^"^^  ^^^^'^^'^  *°  tl^-e- 

2.  Foms  of  Bright's  disease.-Various  subdivisions  of  Bri.ht's 
disease  have  been  made  both  from  the  clinical  and  the  pathological 
points  of  view     The  most  generally  accepted  division  is  intr^a  nly 
matous  and  interstitial  nephritis,  to  which  some  add  the  amyloid  Sey 

Inflammations  of  the  kidney  have  similar  characters  to  those  of 

iri^r  ^^^^^^^^     -  -  - 

inteJm  ^L^'rWn'''"^™'-'  and 
frequently  c„-eS  so"tot.°   T""  """'"""^  '"deed 

with  the  clinical  g™^    LT™^^  ■        "  "^""y 

i»  a  characteristic  fcatSe    S  '"i' 

a  anhacute  or  cht  c  .fa"e  ^d  iZ  T?"™"^ 
matous  changes  are  still  prominent  thV  P™"''''^- 
lesions  of  interstitial  nephrir  ^"peradded  some  of  the 
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Fig.  I342. — Uriniferous  tubules  with  fatty  epi- 
thelium, some  of  it  shed  into  the  calibre,    x  300. 


In  parenchymatous  nephritis  the  secreting  structures  are  specially 
involved,  namely,  the  glomeruli  and  tubules,  but  the  degree  in  which 
these  are  respectively  affected  varies  somewhat. 

In  ordinary  cases  the  Uriniferous  tubules  show  very  marked 
changes.    These  consist  in  the  first  place  in  cloudy  swelling  of  the 

epithelium  with  a  tendency  for 
the  cells  to  become  loosened  and 
shed.  The  enlargement  of  the 
epithelium,  occurring  mainly  in 
the  cortical  tubules,  causes  the 
latter,  under  the  microscope,  to 
present  a  strikingly  prominent 
varicose  appearance.  There  are 
also  parts  in  which  the  desqua- 
mated epithelium  distends  or 
chokes  the  tubules.  Fatty  de- 
generation soon  affects  the  epi- 
thelium, and  it  is  often  present 
in  a  very  high  degree.  It  does 
not  affect  the  epithelium  uniformly,  but  at  intervals  there  is  a  coil 
of  tubules  with  the  epithelium  highly  fatty  (see  Fig.  642).  The  fatty 
epithelium  may  be  dislodged  and  packed  into  further  parts  of  the 
tube,  as  into  the  loops  of  Henle,  so  that  one  often  sees  a  straight 
tubule  occupied  by  fatty  epithelium. 

Blood  is  not  uncommonly  present  in  the  tubules, 
escapes  from  the  vessels  of  the 
elomeruli  it  is  found  in  the  con- 
voluted  tubules.  The  blood  in 
these  tubules  is  often  detectable 
by  the  naked  eye  after  removal 
of  the  capsule  as  small  red  or 
brown  spots  on  the  surface  of 
the  kidney.  By  the  aid  of  a 
lens  these  can  sometimes  be 
made  out  as  convolutions  filled 
with  red  matter.  Under  the 
microscope  fresh  blood-corpuscles  may  be  found  distending  the  tubule 
and  .  flattening  its  epithelium  as  in  Fig.  643,  or  the  blood  may  be 
altered  so  as  to  form  a  brown  debris.  The  altered  blood,  although 
•chiefly  in  the  convoluted  tubules,  may  extend  into  the  straight  ones. 

Tube-casts  are  present  in  the  form  usually  of  translucent  hyaline 
•cylinders  in  the  calibre  of  the  tube.    They  are  contained  both  an  the 


As  the  blood 


Fig.  (343.— A  coil  of  tubules  distended  -with  red 
blood-corpuscles.  The  epithoUum  is  flattened 
against  the  •wall,    x  300. 
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convoluted  and  straight  tubules,  and  thej  may  be  abundant  in  the 
pyramids. 

As  the  case  becomes  more  chronic  the  tubules  are  liable  to  consider- 
able distortion,  chiefly  from  the  occurrence  of  interstitial  changes. 
There  may  be  irregular  dilatations  and  contractions  of  the  tubules,  but 
the  fatty  condition  of  the  epithelium  remains  prominent. 
.  The  Glomeruli  show  various  changes.  In  some  cases  of  scarlet  fever 
there  is  in  the  glomerulus  and  around  it  a  great  exudation  of  leuco- 
cytes, which  may  fill  the  capsule  and  crush  the  tuft  so  as  to  conceal  it 
(Fig.  647).  The  leucocytes  also  overrun  the  neighbouring  interstitial 
tissue  to  a  considerable .  extent,  and  the  conditions  may  approach  to 


iA^Urf^^lt^^'Tsll^'^'^'  '^'^^  ^P""^^!--  '^^S  the  capsule 

(Fig.  644)  r  „!' '  ^  T  '  *f  ™' of  i"'Me  the  capsule 
fled  arrangement  wh  S,  t.!  .         ^™'='™<«'  ^As  on  a  strati- 

vTiumeruiz.    ihe  blood  which  is  usually  present 
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in  the  convoluted  tubules  comes  from  the  glomeruli,  and  it  is  often 
possible,  as  in  Fig.  646,  to  find  glomeruli  with  blood  inside  the  capsule 
as  well  as  in  the  neighbouring  tubules. 


Fig.  645.— Glomerulo-nephi-itis  in  scarlet  fever.  The  epithelium  lining  the  capsule 
is  gi-eatly  increased  so  as  to  crush  the  tuft,    x  350. 


Is'-)-:.' 


Fig  646.-Hi)emorrhagc  from  a  Malpighian  tuft  in  a  case  of  scarlet  tovor  a  tuft ; 
6,  blood  between  tuft  Ind  capsule;  c,  blood  in  uriniferous  tubule  extending  from 
tuft.    X  350. 

scarlatinal  nephritis,  whilst  in  most  cases  presenting  the  usual  characters  ot 
parenchymatous  nephritis,  is  sometimes  characterized  by  such  special  changes 
in  the  glomeruli  that  the  term  Glomerulo -nephritis  has  been  employed  by  Llebs  to 
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designate  this  and  other  forms  in  which  the  glomeruli  are  specially  affected.  In 
some  cases  of  scarlatinal  dropsy  the  kidneys  are,  to  the  naked  eye,  scarcely  at 
all  altered,  although  the  patient  may  have  died  with  symptoms  of  urasmia.  The 
glomeruli  may  be  visible  on  section  as  red  spots,  and  there  may  be  evidences  of 
ha;morrhage,  but  otherwise  nothing  abnormal.  On  microscopic  examination,  how- 
ever, there  are  the  marked  changes  in  the  glomeruli  described  above.  These  lesions 
must  seriously  interfere  with  the  function  of  the  tuft.  Any  accumulation  within 
the  capsule  will  compress  the  vessels  and  prevent  the  transudation  of  the  water 
and  other  constituents.  There  may  thus  be  a  suppression  of  urine  from  glomerulo- 
nephritis. 

Besides  these,  which  are  the  results  of  the  specific  poison  of  scarlet  fever,  there  is 
a  form  of  nephritis  which  must  apparently  be  referred  to  the  absorption  of  septic 


in^'e  m|m?o°fTet;S^^^^  '^^^  MalpigW  tuft 

day  from  the  onset  of  the  feve'  the  mt;."  '  ''''''''  ''^''^  ^^^^ 
shown  in  Fig.  647.    There  was  a  .enLT  P^^^''^^^^^  ^^^e  such  as  are 

the  glomer4  and  exttded  to  tfe     If   '      I!  °'  ^^-^^  --Pied 

Crooke.)  ^^'led  to  the  cortex  generally.    (See  further  in  papers  by 

The  interstitial  tissue  in  subacute  and  chronic  cases  of  .^rpn.h 
matous  nephritis  shows  marked  chan-es    Fvp.  °  1^'^'  parenchy- 

be  considerable  infiltration  wtthtico^es  AsTT''  ^'"^ 
IS  prolonged,  however  thprp  ^^^'^ocytes.    As  the  inflammation 

that  special  th  clen  n;  of  the  "^""'7"^ ^  ^^^^^^^i-  tissue  and 

prominent  feature^  irrrstiS  fl^^^^^  ^'''^  ^ 

produces  distortion  of  th.  =o  Z  ™^^'  ^^'^  P^-ocess  goes  on  it 
of  the  kidney.  "'^  irregularity  of  the  surface 
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The  naked-eye  appearances  in  parenchymatous  nephritis. — If  the 

inflammation  be  mainly  glomerular  the  general  appearance  of  the  kidney 
may  be  little  altered  (see  above). 

As  a  general  rule  in  acute  nephritis  the  organ  is  found  enlarged,  and 
it  may  be  more  than  twice  its  normal  size.  The  capsule  is  easily 
removed,  and  the  surface  of  the  organ  has  a  reddish  colour  from 
injection  of  the  vessels.  Small  red  or  brown  areas  are  generally 
visible  on  close  inspection  of  the  surface,  these  being  from  haemorrhages 
into  the  tubules.  There  are  also  usually  opaque  yellow  patches,  from 
fatty  degeneration  of  the  epithelium.  On  section  the  cortex  is  seen  to 
be  swollen  and  thicker  than  normal,  and  the  haemorrhage  and  fatty 
tubules  will  be  visible  as  minute  red  and  yellow  markings.  The  latter 
especially  produce  a  marked  mottling  of  the  cut  surface  in  the  cortex, 
and  there  are  often  elongated  yellow  streaks  from  fat  in  the  straight 
tubules.  The  cortex,  however,  is  usually  pale  as  a  whole  compared 
with  the  pyramids. 

The  Large  white  kidney  is  a  further  stage  of  parenchymatous 
nephritis.  It  represents  a  certain  prolongation  of  the  condition  with 
partial  subsidence  of  the  inflammation  into  a  subacute  stage.  The 
patient  has  been  subject  for  months  or  years  to  intermittent  attacks  of 
dropsy  with  scanty  albuminous  urine.  The  kidney  is  large,  and 
on  the  surface  has  a  pale  appearance,  with  little  or  no  irregularity. 
The  capsule  is  non-adherent.  On  section  the  cortex  is  seen  to  be  bulky 
and  pale.  On  close  examination  of  the  surface  and  of  the  cortex  it  is 
seen  that,  besides  the  general  paleness,  there  is  an  opaque  mottling, 
representing  a  fatty  condition  of  the  epithelium.  In  the  large  white 
kidney  the  glomeruli  and  tubules  show  the  changes  described  above, 
the  glomeruli  especially  often  showing  great  accumulation  of  epithelium 
inside  the  capsule.  In  addition  there  is  considerable  interstitial  new- 
formation  of  connective  tissue,  and,  commonly,  some  sclerosis -of  the 
glomeruli. 

It  is  proper  to  mention  that  the  naked-eye  appearances  of  the  large  white  kidney 
may  be  imitated  by  amyloid  disease,  where  there  is  also  usually  some  fatty  mottling, 
and  by  septic  nephritis,  where  there  is  a  general  infiltration  of  leucocytes. 

The  contracted  fatty  kidney  represents  the  latest  stages  of  paren- 
chymatous nephritis.  The  organ  may  be  greatly  reduced  in  size,  so  as 
to  weicrh  only  2  or  21  ounces.  It  is  somewhat  irregular  on  the  surface, 
but  the  appearance  is  rather  of  smooth  rounded  elevations  than  of 
granulations.  The  kidney  is  soft  and  flabby  in  consistence,  and  the 
capsule  is  usually  non-adherent.  It  is  generally  pale  and  presents  in 
addition  a  well-marked  fatty  mottling  in  the  cortex  and  on  the  surface. 
The  shrinking  here  is  chiefly  in  the  cortex,  which  may  be  very  thin. 
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The  tubules  are  partly  atrophied  but  partly  dilated,  and  in  the  latter 
case  their  epithelium  is  usually  fatty.  The  shrinking  of  the  tissue 
brings  the  glomeruli  close  together  and  they  often  show  marked 
sclerosis. 

{b)  Interstitial  nephritis  {Granular  contracted  kidney,  Cirrhosis  of  the 
kidney).~This  form  of  nephritis  is  for  the  most  part  chronic  throughout 
although  sometimes  an  acute  nephritis  may  pass  into  it,  and  it  may 
even  ensue  on  a  scarlatina]  nephritis.  It  is  chiefly  characterized  by 
cHanges  in  the  interstitial  connective  tissue,  but  there  are  also  lesions 
in  the  glomeruli,  blood-vessels,  and  tubules.  Weigert  suggests  that  the 
pninary  changes  here  may  be  in  the  secreting  structures,  the  affection 
ot  the  interstitial  tissue  being  secondary. 


The  interstitial  tissue  shows,  throughout  the  cortex  . 
increase,  and  it  is  unduly  cellular  •  h„f  \          '  ^  ^^"^""^^ 
which  the  cells  are  in  grea   ex  e  J    Th  '^^'^"^ 
buted  throughout  the  lldnev.  '^"^^^^^^^  distri- 
ct the  peri;her  anS  eo^^^^^^  base 

tubules.\hils7;h  re  a  e  ttr^ 

tion,  apparently  loca  from  et    T  "^^'^^  -A^— 

trated,  the  genlaT  eonneTtir^^^^  — - 

fibrous  charter   CX  d  r%" ^^^^^  ^  — 

formed  tissue  in  the    ortex  . 

kidney  and  render    t  adheL    sTthTt""  ^^^^^^^^ 
remove  the  capsule  without  teal.  th.    T  ™"  ^"P^^^^^^^ 
tissue  possesses  the  conlrctinT  /    I  ^he  connective 

-  an  important  e.ct 
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The  uriniferous  tubules  in  the  areas  in  which  contraction  has 
occurred  are  dwarfed  (Fig.  648).  In  less  affected  parts,  on  the  other 
hand,  they  are  frequently  dilated,  there  being  here  a  kind  of  comple- 
mentary dilatation.  There  is  thus  frequently  visible  a  group  of  dilated 
and  convoluted  tubules  (Fig.  649,  b).  The  loops  of  Henle  are  also 
dilated,  and  by  the  shrinking  of  the  cortex  may  be  doubled  up  and 
rendered  tortuous  (Fig.  649,  c).    The  epithelium  in  the  dilated  tubules 


Fig.  649.-Section  oi  contracted  kidney  with  a  very  low  J^^af^.^fy^'^e  P°^j';Vv  m  s 
should  be  compared  with  Fig.  630,  p.  1066,  f  mjUfy  ^  /  ' 'h^"  ecte  au^ 

b,  convoluted  tubules  crushed  together  and  dilated  ;  c  r^&V'^  °,V"*^X-v  b^^^^^ 

appearance  ;     capsule,    x  12. 

is  frequently  fatty.  Tube  casts  are  also  present  in  the  tubules,  and 
they  may  be  very  abundant.  They  are  usually  hyaline  m  appear- 
ance, and  are  occasionally  present  in  the  tubules  both  of  cortex  and 

^^Cv^ts  are  of  very  frequent  occurrence  in  the  contracted  kidney.  They 
arise  mainly  by  still  further  dilatation  of  the  tubules,  and  very 
:  mmon"  He  together,  sometimes  in  rows,  as  if  from  the  crushing 
together  Ld  obstruction  of  a  single  tubule.  Cysts  also  arise  sometimes 
from  the  glomeruli,  by  the  accumulation  of  fluid  mside  the  capsule. 
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All  these  cysts  result  from  obstruction  of  the  tubules,  and  the  usual 
contents  are  a  watery  fluid,  but  sometimes  colloid  matter  is  contained 
in  them,  apparently  arising  by  secretion  from  or  transformation  of  the 
epithelium.  In  nearly  all  cases  there  are  cysts  visible  to  the  naked  eye, 
and  they  are  frequently  so  visible  in  large  numbers.  But  many  of  them 
are  microscopic  in  size. 

By  these  processes  great  dislocation  of  the  kidney  tissue  results,  so 
that  instead  of  the  perfectly  regular  arrangement  of  the  normal  kidney, 
such  as  is  shown  in  Fig.  630,  p.  1066,  there  is  at  once  great  shrinking 
and  great  distortion,  as  shown  in  Fig.  649  (drawn  by  the  same  appa- 
ratus and  similarly  magnified). 

The  capillaries  are  greatly  pressed  on  by  the  shrinking  connective 
tissue  and  are  greatly  obliterated.  In  this  way,  in  many  cases,  a  very 
great  reduction  in  the  capillaries  of  the  kidney  results. 

The  glomeruli  are  also  strikingly  altered.  The  first  change  is  a 
thickening  of  the  capsule  (Fig.  648,  a),  which  shows  concentric  fibrous 
layers.  The  tuft  of  vessels  is  subsequently  occluded  and  converted 
into  a  dense  homogeneous  nodule.  In  this  way  the  glomerulus  is 
greatly  contracted,  being  often  reduced  to  less  than  half  its  normal  size, 
and  is  represented  by  a  solid  white  glancing  nodule  in  which  can  still 
be  recognized,  as  a  rule,  the  thickened  capsule  presenting  its  concentric 
fibrous  appearance  {a  in  figure),  and  the  central  more  homogeneous 
remams  of  the  vessels  (h  in  figure).  This  condition  is  commonly  called 
Sclerosis  of  the  glomeruli,  and  the  resulting  appearance  is  very 
stnkmg  especially  as,  with  the  atrophy  of  the  tubules  and  contraction 
ot  the  fibrous  tissue,  the  altered  glomeruli  are  commonly  brought  close 
together. 

The  Blood-vessels  take  part  in  the  inflammation,  especially  the 
Arteries.  Their  external  coat,  being  continuous  with  the  interstitial 
tissue,  IS  thickened  along  with  it.  In  addition  to  that,  however  the 
internal  coat  IS  usually  very  markedly  thickened.  This  thickening 
(le  Fi"  358  ".I'.r'f  '"f  ^  '""''-'''''^  «^  Endarteritis  obliteranf 
oi  le  fn  ■     '     f  ^'  '^''^^       ^'''^^^S        ^ff^r^^^fc  arteries 

ecrlxan^^^^^^  f"^^'      ''''  '^'^'^  between 

the  cortex  and  the  pyramids.    It  is  sometimes  so  great  as  almn.t  fn 
amount  to  obliteration  of  the  arteries.  ^ 

the  avteries  maylta^^  o  atrophy  of  thTt  '  T         ^  ^"""'^ 

according  to  LLenZtZ^!    ,!,  f'"'  '^'^  °^       glomeruli,  and, 

to  a  primary  naWowinl  o  tr    I"        \        ^'''^^^'^      lead-poisoning  are  du 

when  atropj;rdue  ;o  a  Vrt^r   "^^^   /   "'l''  ^'^  1' 

P  y     due  to  a  primary  endarteritis  the  affection  is  localized  according  to 
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the  accidental  distribution  of  the  arterial  affection,  whereas  in  interstitial  nephritis 
the  affection  is  diffused  and  homogeneous. 

Naked-eye  appearances.— The  granular  contracted  kidney  is  usually 
small,  dense,  and  tough,  and  the  two  kidneys  not  infrequently  show  a 
considerable  difference  in  size.  There  may  be  in  the  early  stages  some 
enlargement,  and  a  condition  designated  large  red  kidney  has  been 
described.  The  reduction  in  size  varies  greatly  ;  in  the  most  extreme 
cases  the  kidney  weighs  about  2  ounces.  The  kidney  feels  dense,  and 
on  section  it  is  found  to  be  tough.  The  capsule  is  firmly  adherent, 
so  that  on  removing  it  small  portions  of  renal  tissue  come  off  with  it. 
The  surface  has  a  general  red  colour,  and  is  almost  homogeneously 
granular.  The  prominent  parts  represent  the  less  shrunken  portions, 
and  there  may  be  some  opaque  markings  from  fat  in  them. 

On  the  cut  surface  the  regular  normal  appearance  is  greatly  altered. 
The  cWtex  is  greatly  thinned,  sometimes  forming  only  a  thin  rind, 
scarcely  more  than  a  twelfth  of  an  inch  in  thickness  between  the  bases 
of  the  pyramids  and  the  surface.  It  has  lost  all  its  normal 
markings,  and  is  indefinitely  demarcated  from  the  bases  of  the 
pyramids.  These  changes  may  be  partly  appreciated  by  com;^aring 
Figs.  630  and  649,  where  d  represents  in  both  figures  the  vessels  at  the 
bases  of  the  pyramids,  and  the  cortex  is  the  part  between  them  and  the 
surface.    Cysts  are  also  visible  on  examining  the  surface. 

3.  Character  and  origin  of  tube  casts. — It  has  been  pointed  out  that 
tube  casts  are  usually  present  in  Bright's  disease,  whatever  the  form  or 
stage,  and  they  are  known  to  aff'ord  important  indications  in  the  urine 
passed  by  patients  affected  by  this  disease.  But  they  exist  in  other 
conditions  besides  Bright's  disease.  They  are  not  infrequently  present 
in  passive  hypersemia  of  the  kidney,  and  are  also  seen  in  simple 
atrophic  conditions. 

They  appear  as  cylindrical  casts  of  the  tubules,  composed  of  a  clear 
translucent  hyaline  material,  which,  however,  may  contain  in  its 
substance,  epithelium,  fat,  blood,  and  other  matters  which  are  present 
in  the  tubules,  so  that  we  may  have  hyaline,  epithelial,  granular,  fatty, 
or  blood  casts,  all  of  which  may  be  found  in  the  urine. 

The  tube  casts  are  for  the  most  part  due  to  exudation  from  the 
glomeruli.  They  usually  coincide  with  the  occurrence  of  albumen  in 
the  urine,  and  they  probably  arise  chiefiy  by  coagulation  of  the  serum- 
albumen  which  has  transuded  into  the  tubules.  They  are  sometimes 
called  fibrine  cylinders,  and  their  discoverer,  Henle,  regarded  them  as 
composed  of  fibrine.  But  they  do  not  conform  to  the  characters  of 
fibrine,  and  as  they  occur  in  cases  in  which  there  is  little  or  no  inflam- 
mation they  can  hardly  represent  a  fibrinous  exudation. 
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Besides  this  origin  they  may  be  derived  from  the  epithelium  of  the 
tubules,  either  by  a  kind  of  secretion  from  the  epithelium  or  by  a 
colloid  transformation. 

The  tube  casts  which  pass  into  the  urine  come  chiefly  from  the 
straight  tubules,  including  the  loops  of  Henle.  Those  from  the  con- 
voluted tubules,  being  thicker  and  having  to  pass  the  narrow  loop,  are 
less  likely  to  be  carried  outwards,  although  being  soft  and  plastic  they 
may  accommodate  themselves  and  so  pass  outwards. 

4.  Functional  changes  and  other  phenomena  in  Bright's  disease.— 
In  this  place  will  be  considered  the  alterations  in  the  functions  of  the 
kidney  effected  by  the  different  forms  of  Bright's  disease,  and  certain 
other  more  general  consequences  which  are  liable  to  follow. 

The  functional  changes  in  the  kidneys  are  directly  expressed  by  the 
condition  of  the  urine,  and  these  two  are  properly  considered  together. 
In  Acute  parenchymatous  nephritis  the  circulation  in  the  complex 
vascular  system  is  impeded  by  the  direct  effects  of  the  acute  inflam- 
mation, and  also  by  the  pressure  of  the  increased  epithelium  in  the 
tubules  and  glomeruli.  There  is  thus  a  great  diminution  in  the  amount 
of  urine.  The  urine  also  is  highly  albuminous,  this  being  an  expression 
of  the  fact  that  the  special  selective  function  of  the  glomeruli  is  para- 
lyzed. The  urine  usually  contains  blood.  The  urea  excreted  is  greatly 
diminished  proportionally  to  the  scantiness  of  the  urine,  and  the  chief 
danger  is  the  possible  occurrence  of  Ursemia. 

In  Interstitial  nephritis  the  alteration  in  function  is  very  diff-erent 
Here  there  is  great  vascular  obstruction  and  great  loss  of  the  secreting 
epithelium  by  atrophy,  and  the  result  is  the  secretion  of  an  excessive 
amount  of  watery  urine  which  is  very  deficient  in  urea.  It  is  easy  to 
understand  the  diminution  of  the  urea,  as  in  the  shrinking  kidney  there 
IS  great  atrophy  of  the  epithelium,  but  the  excess  of  watery  urine  is 
more  difficult  to  comprehend  in  view  of  the  fact  that  there  is  great 
vascular  obstruction  in  which  the  glomeruli,  which  are  the  special  seats 
0  the  separation  of  the  water,  are  greatly  involved.  The  dilute  con- 
dition of  the  urine  is  probably  to  be  ascribed  to  the  loss  of  the  tubular 
epithelium  and  the  occlusion  of  the  capillaries  around  the  tubuleT  I 
has  been  pomted  out  that  the  secretion  as  it  leaves  the  glomeruli 

Tht  CO     TT^'-'  the'convoted 

ndtapilJri^^^  ToTh  ftT 

n   !r  """'^^  ^«  secreted  may  be  regarded  is 

virtually  the  secretion  as  it  leaves  the  glomeruli  ^ 

arteri^ttn"^^^^^         T -  the  increased 
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Increased  arterial  tension  or  increase  in  the  entire  arterial  blood- 
pressure  is  an  early  phenomenon  in  interstitial  nephritis;  some  have 
even  believed  it  to  precede  the  kidney  disease.  In  order  to  induce  a 
general  increase  in  the  arterial  blood-pressure  there  is  necessary  either 
an  increase  in  the  peripheral  resistance,  such  as  may  be  produced  by  a 
general  contraction  of  the  arterioles,  or  an  increase  in  force  of  the  left 
ventricle.    In  interstitial  nephritis  we  have  both  of  these. 

Hypertrophy  of  the  left  ventricle  is  one  of  the  regular  phenomena  of 
chronic  Bright's  disease,  so  that  the  existence  of  the  latter  may  often 
be  suggested  by  that  of  the  former.  The  heart  has  the  elongated 
form  described  and  figured  at  p.  506,  Fig.  310. 

Thickening  of  the  walls  of  the  arteries  generally  is  the  other 
phenomenon.  This  has  been  variously  described  as  a  thickening  of  the 
external  coat  mainly,  an  Arterio-capillary  fibrosis,  or  a  thickening  of 


Fig.  050. — Arteries  of  the  pia  mater  in  case  of  granular  kidney  and  in  health. 
In  the  former  the  middle  coat  and,  to  some  extent,  the  external  are  thickened. 
(Dickinson.) 

the  middle  coat,  but  it  really  consists  for  the  most  part  of  a  general 
thickening,  as  shown  in  Fig.  650,  involving  both  coats.  It  is  detectable 
most  readily  in  the  arteries  of  the  pia  mater,  which  are  easily  examined 
by  spreading  out  a  small  part  of  this  fine  membrane.  Besides  these 
thickenings,  we  have  frequently  atheroma  in  Bright's  disease  in  people 
advanced  in  life. 

These  thickenings  of  the  arteries,  whilst  contributing  to  the  increase 
in  blood-pressure,  are  also  in  part  its  results.  The  blood  entering  the 
arteries  with  increased  force  requires  greater  resistance  in  the  walls  of 
the  arteries  in  order  to  prevent  dilatation,  and  may  require  also  an 
enero-etic  contraction  to  prevent  an  excess  of  blood  from  passing 
through  the  arteries.  The  arteries  subjected  to  increased  blood- 
pressure  are  probably  more  liable  to  secondary  changes  such  as 
atheroma. 

The  increase  in  blood-pressure  involving  such  considerable  structural 
changes  seems  such  a  large  result  from  a  local  disease  of  the  kidneys 
that  several  authors  (especially  Gull  and  Sutton)  have  come  to  the 
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conclusion  that  chronic  Bright's  disease  is  a  general  affection  of  the 
fine  arteries  throughout  the  body,  and  that  the  kidney  lesion  is  merely 
a  part  of  this  more  general  condition.    This  view  is  expressed  in  the 
term  Arterio-capillary  fibrosis  introduced  by  Gull  and  Sutton     As  a 
main  element  in  determining  whether  the  conditions  under  consider- 
ation are  consequences  of  the  kidney  disease,  the  question  may  be 
asked  whether  increase  of  blood-pressure  with  hypertrophy  of  the  left 
Tentncle  occurs  in  cases  of  disease  of  the  kidney  undoubtedly  local 
m  Its  character.    The  answer  to  this  question  is  that  diseases  of  the 
kidney  which  induce  obstruction  to  the  vessels  similar  to  that  in  chronic 
interstitial  nephritis  do  lead  to  the  conditions  under  consideration, 
rhus,  hydronephrosis  with  atrophy  of  the  kidney  tissue  has  repeatedly 
been  observed  to  lead  to  it.    Dickinson  records  a  case  in  which  a  stone 
n  the  pelvis  of  the  kidney  produced  contraction  of  the  kidney  and  led 
to  Vpertrophy  of  the  left  ventricle.   It  may  result  from  partill  atrophy 
of  the  kidney  from  arterio-sclerosis,  as  in  two  cases  observed  by  the 
author.    Again,  it  has  been  produced  in  animals  by  inducing  in  [hem 
an  indurative  nephritis,  which  was  done  by  ligaturing  the  r  na  a  te  " 
for  an  hour  and  a  half  to  two  hours  and  then  freeing  the  vessel  ^ 
It  IS  obvious  from  these  observations  that  the  hypertrophy  of  the 
heart  IS  related  in  its  causation  to  the  lesions  in  tie  kidney  ai  d  i 

o'l^rucLT trk?  ^'t'  considerable';::'! 

prt  s     iJ  ifnot  .''V''  ^  f«"-tiv 

process,    it  is  not  usually  marked  in  amyloid  disease  of  tbp  l-.-^.n 

disturbance  is  maA  C  L  twt/  , 

greater  in  the  forn.er  tSnt  t^  Jter  "  '^""^ 
ingfoVtSat  in  «bieie„. 

tbe  kidneys,  b„t  tl  lZlJ^'  "  "  ''^  """^'^ion  of 

account  f^it.    tjZZT^X^Z'tC'^  '° 
-terialand  capillary  obstrnctio   Sob       ^      rrT-r  """"^ 
disease;  bnt,  considering  the  means  artW    '       ,  1""^' 
system  for  compensator/dilataZ  of  art   L  slra  1  l^t 
msnfficent  to  account  for  a  general  risri"„,e 
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probable.  In  all  the  cases  in  which  the  cardiac  and  vascular  changes 
occur  there  is  obstruction  to  the  vessels  in  the  kidney,  chiefly  the 
arteries  and  the  capillaries  of  the  tufts.  In  order  that  the  proper 
amount  of  urine  may  be  secreted  the  blood  must  circulate  much  more 
quickly  through  the  remaining  vessels.  This  can  only  be  effected  by  a 
rise  in  the  blood-pressure  in  the  vessels  concerned  which  may  be 
brought  about  by  a  relaxation  of  the  larger  renal  arteries.  The  activity 
of  the  renal  secretion  seems  to  be  largely  determined  by  the  amount  of 
urea  and  other  constituents  in  the  blood,  the  condition  of  the  arteries  as 
to  contraction  being  regulated  through  the  nervous  system  (Cohnheim 
and  Eoy).  But  if  the  local  dilatation  of  the  arteries  be  inadequate  to 
cause  a  sufficient  flow  of  blood,  and  the  urinary  constituents  still  tend 
to  accumulate,  then  there  can  only  be  a  relief  by  a  general  rise  in 
the  blood-pressure  brought  about  by  increase  in  the  force  of  the  cardiac 
contractions.  In  this  view  of  it  the  cardiac  hypertrophy  is  compensa- 
tory, and  is  brought  about  in  order  to  prevent  the  undue  accumulation 
of  urea  in  the  system. 

ffldema  and  Dropsy. — Anasarca  or  oedema  of  the  skin  is  an  early  and 
characteristic  symptom  of  acute  parenchymatous  nephritis.  The  subject 
has  been  already  considered  at  pp.  103,  104.  The  oedema  of  the  skin 
appears  to  be  related,  on  the  one  hand,  to  the  excess  of  water  retained  in 
the  blood,  and,  on  the  other,  to  the  irritation  of  the  skin  by  the  abnormal 
constitution  of  the  blood.  The  irritant  which  acts  on  the  kidneys  will 
also  act  on  the  skin. 

Literature.— EicHABD  Bright,  Eeports  of  medical  cases  selected  with  a  view  of 
illustrating  the  symptoms  and  cure  of  disease,  by  a  reference  to  morbid  anatomy, 
vol.  i.,  1827  ;  Eater,  Trait6  des  malad.  des  reins,  1840  ;  Feeeichs,  Die  Bright'sche 
Krankheit,  1851 ;  Eosenstein,  Nierenkrankheiten,  2nd  ed.,  1870  ;  Johnson,  Lect. 
on  Bright's  dis.,  1873,  and  Med.  lect.  and  essays,  1887;  Geaingee  Stewaet,  Prac. 
treatise  on  Bright's  dis.,  1868,  and  Clin.  lect.  on  important  symptoms,  Albummuna, 
1888;  Chaecot,  Lect.  on  Bright's  dis.  (transl.),  1879;  Aufeecht,  Die  diffuse 
Nephritis,  1879 ;  Weigeet,  in  Volkmann's  Sammlung,  No.  162,  1879  ;  Eibbeet, 
Nephritis  and  albuminuria,  1881 ;  Diceinson,  Dis.  of  kidney,  part  ii.,  Albummuna, 
1877-  Ealee,  Dis.  of  kidneys,  1885;  Joees,  loc.  cit.,  1901.  Glomeindo-nephriHs 
and  'scarlaUna-Kx.^BS,  Handb.  d.  path,  anat.,  i.,  664, 1870  ;  Klein,  Path.  Trans., 
xxviii    1877;  Coats,  Brit.  Med.  Jour.,  1874,  ii. ;  Feiedlandeb,  Fortschritte  der 
Med    1883  ;  Langhans,  Virch.  Arch.,  Ixxvi.  and  xcix. ;  Litten,  Chant6-Annalen, 
iv  •  Crooke,  Birmingham  Med.  Eev.,  1886-87  ;  Heeeing,  Journ.  of  Path,  and  Bact., 
vi  1900.  InterstUial  nephritis-Tukvn^,  Gesammelte  Beiti-iige,  a.,  1871 ;  Leyden, 
Zeitschr.  f.  klin.  Med.,  ii.  and  iii,  ;  Zieglee,  Deutsch.  Arch.  f.  klm.  M^^.,  xsv.; 
Ebstein  (Gout),  ibid.,  xxvii.;  Pebeli.  (Lead),  Deutsch.  med.  Wochenschr.,  1^4, 
Jacob,  ibid.,  1886;  Sa.n.b.,  Path.  Trans.,  xxxi.,   1880;   Geken.-ield    ib  d.  . 
COUNCILMAN,  Journ.  Exp^r.  Med.,  iii.,  1898.    Ga.clU.c  ^-^^J^^^^l^^J^ 
Teaube,  Zusammenhang  v.  Herz-  und  Nierenkrankheiten  ^^f^^^  ^^^^^^^  ^^^^^^^^^ 
Med.  Chir.  Trans.,  Iv.,  1872,  and  Path.  Trans.,  xxvni.,  1877;  Sotmschewsk. , 
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Virch.  Arch.,  Ixxxii. ;  Lemcke,  Deutsch.  Arch.  f.  klin.  Med.,  xxxv.  ;  Holsti,  ibid., 
xxxviii.;  Mahomed,  Guy's  Hosp.  Eeports,  1885;  Cohnheim,  Allg.  Path.,  ii.,  349' 
1882;  Fagge,  Prin.  and  Prac.  of  Med.,  ii.,  447,  1886;  Cohnheim  and  Eoy,  Virch! 
Arch.,  xcii.,  1883;  PiiEBBiNGEE,  Diseases  of  the  Kidney,  1898. 

VI. -EMBOLIC  INFLAMMATION.    METASTATIC  ABSCESSES. 
In  Pyemia  and  Ulcerative  endocarditis  pieces  of  fibrine  or  other 
material  may  be  carried  to  the  kidneys  and  produce  embolism  there. 


PjSled^'^th'dark  mlteriarwhiJh';cmh'!n^  t  endocarditis.    Au  a.-terv  i» 

In  this  way  arise  Metastatic  abscessps  T?n. 

are  small  and  are  carried  to  the  /  ^^^^^^ 
before  they  are  caugh  Henc  the  abT  '  "^""^  ^^—1' 
substance,  although  they  a"  not  '1?'"',^  ""'^^  '""^  ^^^^-I 
along  the  course  onheaLril  et"  ;^^^^^^^^^^  '"^^  P^--^^ 

taking  in  portions  both  of  the  pyramid '  7'  ^^^^^ 
u-y  elongated  in  the  ^  ^  ^ :L  ^t^^^^: 


1100 


THE  KIDNEYS. 


project  slightly  from  the  surface  when  the  capsule  is  removed.  They 
are  frequently  present  in  considerable  numbers  in  both  kidneys. 

Under  the  microscope  the  abscesses  are  seen  to  arise  from  obstruction 
of  the  arteries  (see  Fig.  651).  Where  the  embolism  has  been  recent 
the  wall  of  the  vessel  and  the  tissue  in  the  immediate  neighbour- 
hood of  the  embolus  present  evidences  of  necrosis,  while  around 
there  are  multitudes  of  leucocytes  occupying  the  interstitial  tissue. 
In  the  embolus  there  are  colonies  of  microbes  in  the  midst  of  remains 
of  the  transported  fibrine.  When  the  abscess  has  fully  formed,  these 
characters  may  be  lost  in  the  great  multiplication  of  leucocytes. 
Besides  in  the  arteries  colonies  of  microbes  are  to  be  found  in  the 
vessels  of  the  glomeruli,  sometimes  filling  many  of  them  with  a  dark 
granular  mass,  and  also  in  the  capillaries.  It  may  sometimes  be  seen 
that  these  colonies  are  present  in  the  glomeruli  and  capillaries  without 
any  sign  of  inflammation  around.    In  such  cases  they  are  of  recent 

growth  and  have  not  had 
time  to  produce  inflamma- 
tion by  giving  oS'  irritating 
products.  To  some  extent 
the  bacteria  may  multiply 
in  the  glomeruli  and  capil- 
laries after  death. 

In  scarlet  fever  there  is 
rarely  a  true  suppurative 
nephritis,  but  in  some  cases 
the  kidneys  are  greatly  en- 
larged and  infiltrated  with 
leucocytes.  These  cases 
are  probably  due  to  the 
presence  of  septic  products, 
absorbed  from  the  lesion  in  the  fauces.  Microbes  are  not  infrequently 
found  in  the  capillaries  of  the  kidney  in  scarlet  fever  (Fig.  652)  and 
diphtheria,  and  they  may  also  pass  into  the  tubules. 


Fig.  I3D2.— Bacteria  distending  a  capillary  blood-vessel 
in  a  case  of  scariet  fever,    x  350. 


VII  -INFLAMMATIONS  OF  THE  PELVIS  (PYELITIS,  PYONEPHROSIS) 
AND  OF  THE  KIDNEY  IN   ASSOCIATION  WITH  THE  PEL^'I^ 
(PYELONEPHRITIS). 
The  various  terms  mentioned  in  the  heading  refer  to  inflammation^ 

which  generally  arise  by  extension  from  the  bladder  up  the  ureter  . 

the  peMs  and  kidney.    Pyelitis  is  an  inflammation  of  the  pelvis  of  u 

kidney,  pyelonephritis  is  a  suppurative  inflammation  involving  th. 
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pelvis  and  the  substance  of  the  kidney.  Pyonephrosis  is  a  suppuration 
in  a  distended  pelvis. 

1.  Pyelitis.— Inflammation  of  the  pelvis  of  the  kidney  is  not 
always  suppurative,  as  it  may  be  produced  by  other  causes 
besides  septic  agents.  A  catarrhal  pyelitis  occurs  in  the  course  of 
some  fevers,  or  it  may  be  present  to  some  extent  in  acute  Blight's 
disease. 

Calculi,  by  their  mechanical  irritation,  induce  inflammation  of  the 
pelvis,   often   spoken  of  as 


Calculous  pyelitis  (see  Fig. 
653).    It  is  sometimes  said 
that  calculi  produce  suppura- 
tive inflammations,  but  this 
can  scarcely  occur  unless  there 
be  an  extension  of  the  septic 
process    from    the  bladder 
upwards.      The  irritation, 
however,  may  lead  to  such 
inflammation  as  to  cause  a 
considerable    abundance  of 
leucocytes  in  the  urine.  On 
the  other  hand,  septic  inflam- 
mations, being  accompanied 
by  decomposition  of  the  urine, 
often  result  in  the  formation 
of  calculi. 

The  presence  of  calculi  in 
the  pelvis  of  the  kidney  has 
frequently  an  irritative  efl'ect 
on  the  kidney  itself.  Thus 
there  arises  in  some  cases  a 
regular  interstitial  nephritis, 
the  condition  of  the  kidney 
coinciding  with  that  in  chronic 
Bright's  disease.    As  already 
mentioned    the  contracted 


obstructed.  t-ucua  and  tho  pelvis  is 


cystit.s  with  decomposition  of  the  urine  has  occurred. 
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There  is  frequently  some  coincident  dilatation  of  the  pelvis,  and  there 
may  be  a  proper  pyonephrosis. 

The  mucous  membrane  is  thickened  and  frequently  of  a  bluish 
colour.  It  is  not  infrequently  incrusted  with  phosphates.  The  con- 
tained matter  is  a  thick  brownish  ill-smelling  pus. 

2.  Pyelonephritis,  Suppurative  nephritis. — By  the  term  pyelone- 
phritis is  meant  a  combined 
inflammation  of  pelvis  and 
kidney.  As  this  inflammation 
is  mostly  septic  the  usual  re- 
sult is  a  suppurative  nephritis. 
The  disease  mostly  connects 
itself  with  that  just  described 
as  suppurative  inflammation 
of  the  pelvis  and  leads  to  a 
suppurative  inflammation  of 
the  kidney  (see  Fig.  654). 

There  are  two  modes  in 
which  the  condition  may  be 
brought  about.  On  the  one 
band  the  irritating  products 
from  the  pelvis  may  be 
carried  into  the  kidney,  being 
absorbed  either  by  the  tubules 
or  the  lymphatics,  or  on  the 
other  hand  the  microbes  may 
themselves  extend  into  the 
kidney.  This  latter  method 
is  much  the  more  frequent. 
Colonies  of  micrococci  have 
been  observed  in  the  uriniferous  tubules  as  well  as  in  the  lymphatics. 

The  lymphatics  of  the  kidneys,  according  to  Steven  and  Newman,  are  in  com- 
munication with  those  of  the  ureter.  When  an  injection  is  thrown  with  some  force 
into  the  ureter,  it  passes  into  the  adventitia  of  this  canal,  and  thence  to  the  capsule 
of  the  kidney.  The  lymphatics  of  the  capsule  communicate  with  those  of  the 
kidney,  so  that  stellate  vessels  are  visible,  in  these  injections,  on  the  surface  of  the 
kidney,  and  are  found  to  penetrate  deeply  into  the  cortex. 

Pyelonephritis  mostly  manifests  itself  in  the  form  of  multiple  abscesses 
in  the  kidneys,  the  extension  being  by  the  second  method  mentioned 
above.  That  is  to  say,  micrococci  extend  into  the  kidney  in  an 
irregular  fashion  and  each  colony  of  microbes  becomes  the  focus  of  an 
absc°css.    The  abscesses  exist  both  in  the  pyramids  and  cortex.  They 


Fig.  654. — Suppurative  uepliritis.  Numerous  small 
abscesses  ai-e  seen  on  the  surface  of  the  cortex.  The 
pelvis  is  dUated  and  contained  pus. 
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may  be  scattered  over  the  kidney  so  that  the  appearance  may  resemble 
pyaemia,  but  they  are  frequently  in  groups,  certain  areas  containing 
a  number  of  purulent  centres  (Fig.  654).  They  are  small  in  size,  but  by 
coalescence  may  reach  larger  dimensions.  The  groups  are  frequently 
more  or  less  wedge-shaped,  the  base  at  the  cortex  and  the  apex  far 
down  in  the  pyramid  or  even  at  its  apex. 

When  the  propagation  is  by  the  lymphatics  the  abscesses  will  be 
chiefly  on  the  surface  of  the  kidney,  partly  involving  the  capsule.  It 
IS  not  uncommon  to  open  abscesses  in  the  process  of  stripping  the 
capsule.  It  sometimes  happens  that  abscesses  form  by  this  mode  of 
extension  without  the  pelvis  being  affected,  the  extension  occurring  by 
the  wall  of  the  ureter  to  the  surface  of  the  kidney,  but  generally  both 
modes  of  extension  co-exist,  and  there  are  abscesses  in  the  substance  as 
well  as  at  the  surface  of  the  organ. 

.1  T  ''^^^""^^^^"'^^  ^«  that  the  entire  organ  is  infiltrated, 

are  those  of  an  acute  interstitial  nephritis,  such  as  that  above  nientioned 
as  sometimes  resulting  from  scarlet  fever.  This  may  perhaps  be  the 
case  when  the  irritant  is  difi-used  ^ 


IS 


of 


of 


from  the  pelvis  in  solution 

When  the  abscess-formation 
one-sided,  healing  may  take  place 
The  kidney  is  then  the  seat 
numerous   cicatrices,  a  condition 
which  Moxon  has  named  the  Cica- 
tricial kidney. 

Literature— Beck,  Eeynolds'  Syst 
Med.,  v.,  1879;  Dickinsok,  loc.  cit  • 
Newman,  Ioc.  cit. ;  Steven,  Glas.  Med' 
Jour.,  xxii.,  1884;  Moxon,  Path.  Trans 
xxiii.,  1882;  Jokes,  loc.  cit.,  1901- 
Morris,  Surg.  Diseases  of  the  Kidnev' 
1902. 

3.  Pyonephrosis.— This  term  is 
used  when,  along  with  or  follow- 
ing a  hydronephrosis,  suppuration 
occurs  in  the  dilated  structures. 
J- his  IS  usually  the  result  of  an 
extension  upwards  from  the  blad 
der,  such  as  has  just  been  referred 
to.    It  may  be  followed  by 'sup- 

n  Sr"^^'^"  that  case  is  usually  fatal 


uophritis, 


suppurative 
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Such  extension  upwards  will  usually  occur  in  cases  where  the 
primary  condition,  which  probably  corresponds  to  the  seat  of  obstruc- 
tion, is  in  the  bladder  or  urethra,  hence  it  may  be  bi-lateral,  and  in 
that  case  is  almost  certainly  fatal.  However,  it  is  not  uncommonly 
uni-lateral,  the  extension  having  only  occurred  up  one  ureter.  In  that 
case  there  may  be  an  abscess-like  cavity  formed,  the  dilated  pelvis  and 
calices  being  filled  with  pus. 

If  the  affection  of  the  lower  urinary  tract  is  recovered  from,  healing 
may  take  place  in  the  kidney.  One  of  the  most  constant  results  in  this 
case  is  obliteration  of  the  pelvis  or  upper  part  of  the  ureter,  so  that  the 


Fig.  656.  —  Healed  pyoue- 
phrosis.  6,  obliterated  pelvis  ; 
a,  a,  a,  cavities  filled  with 
pultaoeous  matter.  There  were 
other  ca\-ities  which  contaiiied 
serous  fluid. 


Fig  657.— Healed  tuberculosis  o£  the  right  kidney. 
There  was  marked  compensatory  hypertrophy  of  the 
left  kidney. 


kidney  is  shut  off  from  the  latter.  By  the  obliteration  of  the  pelvis 
the  kidney  is  converted  into  a  series  of  cysts,  each  independent  of  the 
other,  and  representing  dilated  calices  (see  Fig.  656).  In  these  cysts 
pus  is  at  first  present ;  but  as  the  corpuscles  die  and  the  fluid  is 
absorbed,  the  pus  dries  in  and  leaves  a  pultaceous  matter  in  which  Im.c 
salts  are  abundantly  present  («,  in  figure).  It  is  not  -commo^^^^^^^^ 
meet  with  a  kidney  thus  converted  into  cysts  filled  with  putty-hke 
ma  ter,  and  it  is  remarkable  that  along  with  these  there  may  be  some 
Tysts  which  clear  serous  fluid  is  present.  Compensatory  hypertrophy 
of  the  other  kidney  may  complete  the  cure. 
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The  above  was  believed  by  the  author  to  be  the  course  of  events  in  cases  of  the 
kind  referred  to.  The  description  was  based  chiefly  on  cases  which  had  come  under 
ins  own  observation.  In  one  such  case  there  was  obstruction  in  the  urethra  in  a 
female,  with  hypertrophy  of  the  bladder.  One  kidney  was  found  in  the  healed 
condition  described  above,  while  the  other  showed  compensatory  hypertrophy. 
This  patient  died  from  bronchitis  without,  latterly,  any  renal  symptoms.  In 
another  case  one  kidney  showed  pultaceous  masses,  while  the  other  presented  a 

rffeTt  o^r  .I'.'f "^"^  ""'^  ^'"''^  There  was  a  prolonged 

affection  of  the  bladder,  with,  apparently,  an  extension  first  to  one  kidney,  produc- 

f::;:frr:^Lr:ratr^r-^  ?rs.r~z 

-  -  LersfandUi; in:r 

VIII. -RETROGRADE  CHANGES  IN  THE  KIDNEYS 

ot  Bright   disease,  but  they  may  also  occur  independently 

1.  Amyloid  degeneration  of  the  kidneys.-Amyloid  disease  is  of 

itse  t  It  leads  to  albuminuria  and  because  its  presence  probably  induces 

f^uZTT'^'  f"^"^  "  -d-e  some  uth 

0  include  It  as  a  form  of  Bright's  disease.    It  exists  along  ^.ith  amy 
loid  disease  of  other  or o-nn«  onri  j  ^ 

affect  the  bn^x.        '''f f     is  secondary  to  some  diseases  which 

of  kidne;  disease  '  ^«P««t  of  one 

^^^^rXel^:^  i.produced  by 

rather  than  by  the  drain  on  2  ""T'T^      ''''  ^'"'^''^  ^^^^^  lead  to  it! 

confirmed  by  !he  etirnta^Vbfe^^^^^^^^^^^  sometimes  cause,  is 

disease  in  a  number  of  animals  of  ^w!     .  !•  ^e  induced  amyloid 

of  cultures  of  staphylococcuT  nvoin  J"^'      ''''  subcutaneous  injection 

the  condition  when'  s^rt L     w^  p^^^^^^^^^  °?  P-^-i^g 

turpentine.    He  expresses  the  opInTon  tw  I, 

constitute  the  essential  cause    He  modt  .    P"^"? ^^^^^^d  by  the  microbes. 

ejecting  a  filtrate  of  the  badUuf  py^     :  ^"^^ 

Path.  u.  path.  Anat.,  May,  1895.)  (^^^  Krawkow,  Centralbl.  f.  allg. 

which  the  amount  of  amvlL^Iit  f        """■^  "^''y  i" 

two  distinct  and  separatTstrl  "  f "                  it  in 

the  arte™  rect.  o?  he  p^Itr*  »^ 

.en.a„.  a,on,  .th  -  ^^te^  ^^'aj^^^^^^^^^^^^ 
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hyaline.  The  rose  colour  developed  with  methylviolet  is  so  striking 
that  in  sections  stained  with  this  dye  it  often  looks  as  if  the  tufts  were 
injected.  They  are  also  considerably  enlarged,  and  even  without  the 
addition  of  iodine  or  methylviolet  they  form  very  prominent, 
transparent,  and  glancing  clumps  in  the  cortex.  The  Arteriae  rectSB 
run,  as  we  have  seen,  in  bunches,  and  their  appearance  with  methyl- 
violet is  that  of  a  series  of  rose-coloured  tubes  grouped  together. 
They  are  also  sufficiently  pronounced  as  a  rule  to  be  seen  \vithout 
any  reagent,  appearing  as  pearly  glancing  tubes. 


) 


Fig.  65S.— Waxy  degeneration  of  the  kidney,    x  50. 

While  these  structures  are  first  and  chiefly  involved,  others  usually 
follow  There  is  amyloid  disease  extensively  present  in  the  Arteries  of 
the  cortex,  the  ascending  and  afferent  arteries.  In  these  the  lesion  can 
often  be  seen  to  begin  in  the  muscular  coat,  a  distinct  transverse  mark- 
ing being  visible  either  from  the  muscular  fibre  cells  being  mapped  out 
by  the  staining  agent,  or  by  structures  lying  between  the  muscle  cells 
being  affected.  Very  often  there  is  here  and  there  a  capillary  ot  the 
cortex  affected,  and  sometimes  these  are  extensively  so,  even  m  com- 
paratively slight  cases.  The  Basement  membrane  of  the  tubules 
(see  Fig.  659)  frequently  becomes  amyloid  in  advanced  cases,  chietly 
of  those  of  the  cortical  substance.  _ 

Along  with  the  amyloid  disease  of  the  vessels  there  is  usually  Fatty 
degeneration  of  the  epithelium  of  the  tubules,  apparently  the  result  ot 
anaemia  from  the  obstruction  of  the  vessels.  _ 

Interstitial  inflammation  nearly  always  accompanies  amyloid  disease . 
It  is  usually  slight  in  degree,  but  it  may  be  so  great  as  to  produce  a 
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combination  of  chronic  interstitial  nephritis  and  amyloid  disease,  as  in 
Fig.  660,  where  the  glomeruli  are  brought  close  together  by  atrophy 


tij^es'^'-l^ht'^Sciinl^TTnT^i^an^^ni^^^  membrane  of  the  uriniferous- 

renal  epithelium  iuS    ^"'^^^^^'''^''''^^t  basement  membrane  is  shown  with  the 

Of  the  tubules  from  interstitial  inflammation,  and  the  organ  as  a  whole 
IS  contracted. 


which  led™he  alio',        v'  P™ary  disease 

syphilis  the  virl  a£„;';f"v^"°^?°"  Thus  in 

virus  affecting  the  kidney  directly  may  cause  interstitial 
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inflammation,  while  less  directly  it  produces  a  general  amyloid  con- 
dition. Again,  in  phthisis  pulmonalis,  and  in  extensive  suppurations 
from  diseased  bone,  there  may  readily  occur  an  absorption  of  irritating 
materials  which  in  process  of  excretion  by  the  kidneys  are  capable  of 
setting  up  inflammation. 

The  contracted  amyloid  kidney  is  not  generally  accompanied  by 
hypertrophy  of  the  heart,  the  reason  apparently  being  that,  as  the 
blood  is  impoverished,  the  compensatory  growth  of  muscular  tissue  can 
scarcely  occur. 

In  regard  to  the  Naked-eye  appearances,  the  simple  amyloid  kidney 
is  enlarged,  sometimes  greatly  enlarged,  so  that  the  organ  weighs  nine 
or  ten  ounces.    The  surface  is  pale  and  the  capsule  comes  off  easily. 
On  section  the  cortex  is  seen  to  be  thickened  and  j)ale  in  colour.  The 
general  appearance  therefore  resembles  that  of  the  large  white  kidney, 
and  doubtless  many  cases  have  been  mistaken  for  that.     But  the 
organ  in  amyloid  disease  has  a  firm  elastic  feeling  and  a  translucent 
appearance  on  section,  which  is  distinctive  enough.    The  thick  pale 
translucent  cortex  usually  contrasts  with  the  redder  pyramidal  sub- 
stance, and  the  appearance  has  been  somewhat  aptly  compared  to  the 
section  of  bacon.    The  name  Lardaceous  kidney  is  often  applied 
from  the  translucent  appearance  of  the  tissue.    In  the  midst  of  the 
transparent  basis  opaque  yellow  streaks  are  often  visible,  due  to 
fatty  degeneration  of  the  epithelium.    The  addition  of  a  solution  of 
iodine  to  the  cut  surface  of  such  a  kidney  brings  out  the  affected 
glomeruli  as  brown  dots  and  the  arterise  rectse  as  brown  streaks.  If 
the  kidney  be  contracted,  the  granulations  on  the  surface  show  the 
usual  transparent  waxy  appearance  of  the  amyloid  kidney,  and  on 
section  the  cortex,  though  greatly  thinned,  shows  a  similar  condition. 

The  structures  aff-ected  with  amyloid  disease  apparently  allow  fluid  to 
pass  through  them  more  readily  than  normal  structures.  Injection  of 
the  amyloid  kidney  shows  that  the  vessels  of  the  glomeruli  and  the 
arteries  of  the  cortex  are  largely  obstructed.  It  may  well  be  that 
this  leads  to  increased  blood-pressure  in  the  remaimng  arteries,  but 
with  the  general  narrowing  of  the  smaller  arteries  this  can  hardly 
tell  with  much  force  on  the  glomeruli  which  remain  pervious,  ihis 
excessive  secretion  of  urine,  like  the  diarrhoea  which  is  a  prominent 
symptom  in  amyloid  disease  of  the  intestine,  is  probably  to  be  accounted 
for  bv  a  greatly  increased  permeability  of  the  vessels. 

2  Atrophy.-A  local  atrophy  sometimes  occurs  from  Endarteritis 
^see  Fie  661)  There  are  flat  depressions  on  the  surface  which  may 
dve  the  kidney  a  somewhat  coarsely  granular  appearance,  but  some- 
res  Leare'ex^^^^^     involving  considerable  areas  of  the  kidney. 
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In  this  latter  case  the  larger  arteries  running  between  cortex  and 
pyramids  are  affected  with  endarteritis,  which  may  be  an  Atheroma 
associated  with  a  similar  condition  in  other  arteries.  The  thickening 
of  the  internal  coat  is  extreme  (see  below  e  in  Fig.  661),  and  in  the 
smaller  branches  amounts  to  absolute  occlusion. 

The  atrophy  has  considerable  resemblance  in  its  details  to  that  in 
chronic  interstitial  nephritis,  but  also  presents  considerable  differences. 
It  IS  not  limited  to  the  cortex,  but  involves  the  pyramids  as  well,  and 
there  is  much  less  distortion  but  more  of  a  simple  diminution  or  dis- 
appearance of  the  tubules.     The  affected  areas  are  very  strikingly 


c,  f  ^'^-^y :     -rn.al  pyramid  • 

convoluted  tubules  atrophied  wMe  ^oS^f  remain  ^^'"P^l^^SinWng,  the 

eruh  become  greatly  contracted  and  a^e  S-a^'  clorSgetSe"  f^^e!"^^  ' 

virtually  disappLd  '^jZC""' 

as  a  clear  tranduceM  mitri      ,  ?  '°  P"-"™-™' 

parts  of  the  affected  areas  tW,  eoudit™  ,  1:^^  ^^^^ 
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ing  of  the  capsule,  which  is  less  fibrous  than  in  the  sclerosis  of  inter- 
stitial nephritis,  but  has  rather  a  hyaline  appearance.  The  occlusion 
of  the  vessels  in  the  tuft  and  the  solidification  of  the  glomerulus  follow. 
In  many  parts  the  remaining  tissue  consists  of  little  more  than  closely 
aggregated  and  solidified  glomeruli,  these  being,  apparently,  in  their 
altered  state,  very  persistent. 

In  addition  to  these  evidences  of  atrophy  there  is  some  infiltration  of 
round  cells,  but  not  any  considerable  new-formation  of  fibrous  tissue. 

The  description  given  above  of  local  atrophy  from  endarteritis  is  based  on  the 
observation  of  two  well-marked  cases  in  which  nearly  half  the  kidney  tissue  was 
atrophied,  the  locality  of  the  atrophy  being  chiefly  in  the  neighbom-hood  of  the 
hilum,  and  generally  continuous,  although  also  with  isolated  patches.  An  interest- 
ing feature  in  both  these  cases  was  the  co-existence  of  hypertrophy  of  the  left 
ventricle.  The  importance  of  the  fact  that  local  atrophy  of  the  kidneys  may  have 
such  a  result  has  already  been  referred  to. 

In  Senile  atrophy  the  whole  structures  of  the  kidneys  undergo 
diminution  in  size,  but  very  often  this  affects  especially  the  secreting 
epithelium  of  the  convoluted  tubules.  If  this  be  the  case  there  may  be 
a  special  shrinking  of  the  cortex,  and  the  kidneys  may  be  like  those  of 
chronic  Bright's  disease.  Sometimes  also  the  surface  is  granular  and 
the  capsule  adherent. 

3.  Parenchymatous  infiltration,  or  Cloudy  swelling.  Besides  form- 
ing one  of  the  lesions  in  acute  Bright's  disease,  this  is  liable  to  occur 
in  acute  febrile  diseases.  There  is  a  general  enlargement  of  the  renal 
epithelium  with  infiltration  of  fine  granules  in  the  midst  of  which 
minute  fat  drops  are  scattered  (Fig.  212,  p.  384).  The  pyramidal 
tubules  as  well  as  those  of  the  cortex  are  involved,  the  affection  being 
usually  homogeneously  distributed.  It  is  important  to  note  that  this 
condition  may  produce  considerable  enlargement  of  the  kidney  without 
obvious  change  in  its  structure  to  the  naked  eye. 

4  Fatty  degeneration  of  the  renal  epithelium  is  not  infrequently 
present  in  cachectic  conditions,  such  as  advanced  phthisis  pulmonalis, 
in  which,  however,  it  is  often  associated  with  amyloid  disease  or  inter- 
stitial nephritis.  In  severe  anaemias  it  is  met  with  along  mth  fatty 
degeneration  of  the  muscular  substance  of  the  heart.  It  occurs  also 
in  acute  yellow  atrophy  of  the  liver. 

IX.-CONCBETIONS  AND  CALCULI  IN  THE  KIDNEY. 
Two  very  interesting  forms  of  Deposition  in  the  tubules  arc  met 
with  in  new-born  children.    In  the  common  icterus  of  the  new-boni 
the  Biliary  colouring  matter  (bilirubin)  is  excreted,  as  in  the  adult 
by  the  kidneys,  but  in  the  new-born  it  very  readily  passes  into  the 
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Crystalline  form,  so  that  round  masses  or  rhombic  orange-coloured 
crystals  are  found  in  the  pyramidal  tubules,  sometimes  in  such  numbers 
as  to  warrant  the  designation  bilirubin-infarction.  Similar  crystals  are 
found  in  the  blood  and  tissues  of  the  body. 

In  adults,  icterus  is  also  accompanied  by  deposition  of  pigment  in 
the  tubules,  but  it  is  in  the  form  of  brown  or  yellowish  masses. 

Uric  acid  salts  are  found  in  the  tubules  of  new-born  children,  in 
about  half  the  cases  of  those  who  die  within  the  first  few  weeks.  It  is 
mostly  in  children  who  have  breathed  that  they  are  met  with,  but 
they  have  been  observed  in  still-born  children,  although  rarely.  The 
concretions  consist  mostly  of  urate  of  ammonia.  They  are  deposited 
mainly  in  the  tubules  near  the  apices  of  the  pyramids,  giving  the 
appearance  of  opaque  yellow  or  reddish  streaks,  converging  to  the  apex 
of  the  pyramid.  Under  the  microscope  amorphous  urates  are  seen  in 
the  tubules,  and  when  acetic  acid  is  applied  these  dissolve  and  form 
crystals  of  uric  acid. 

Urates  are  also  deposited  in  the  substance  of  the  kidney  in  Gout. 
They  are  visible  to  the  naked  eye  in  the  ijyramidal  portions  of  the 
kidney,  especially  towards  the  apices,  as  white  streaks.  With  the 
microscope  they  are  seen  to  occupy  the  tubules,  which  are  dilated. 
There  is  usually  a  co-existing  interstitial  nephritis. 

Lime  salts  are  sometimes  deposited  in  the  tubules  of  the  kidney 
This  can  be  experimentally  produced  in  rabbits  by  the  administration 
of  mercuric  chloride  and  a  few  other  poisons.  It  has  also  been  seen 
m  cases  where  from  disease  of  bone  there  is  excessive  absorption  of 
hme  salts  and  excretion  of  them  by  the  urine.  The .  appearance  pre- 
sented in  this  case  is  that  of  white  streaks  usually  near  the  apices  of 
the  pyramids.  It  is  to  be  observed,  however,  that  a  deposition  of 
urates  occurring  in  the  straight  tubules  after  death  may  produce  a 
somewhat  similar  appearance. 

Calculi  in  the  pelvis  of  the  kidney  are  of  frequent  occurrence. 
As  we  have  seen  they  may  originate  in  chronic  pyelitis,  especially 

Tubules  XT  ^  -niferoui 

tubules,  and  having  passed  into  the  pelvis  grow  larger  there  The 

z  caSTn  th^Bifdrr  ^ ---^ 

theltlvTs^lr^'r"   TT  '^'^^  ™-Iding 

calyces  Fifee'ft"^"'  ^^^^^^^^  by  dilated 

lead  o  tlf ■  ^'  ^  obstructing  the  flow  of  urine  these  calculi  may 
lead  to  the  occurrence  of  hydronephrosis,  and  as  the  cavity  of  he 
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pelvis  and  calices  enlarges  so  may  the  calculus.  A  small  calculus  often 
passes  into  the  ureter  and  obstructs  it,  in  this  way  leading  to  hydro- 
nephrosis. 


Fig.  662. — Eenal  calculus.    Actual  size. 


X.— SYPHILIS  AND  TUBERCULOSIS  OF  KIDNEY. 

1.  Syphilis  is  sometimes  the  cause  of  diffuse  Interstitial  nephritis. 
It  is  undoubtedly  a  frequent  cause  of  Amyloid  disease,  and  may  by 
this  means  lead  on  to  chronic  nephritis.  It  is  probable  that  many  cases 
of  contracted  amyloid  kidney  have  this  origin.  Hereditary  syphilis  is 
also  believed  to  give  rise  to  a  diffuse  interstitial  nephritis. 

Gummata  are  rare  in  the  kidney.  They  are  found  in  the  midst 
of  cicatrices  as  in  the  case  of  the  liver. 

2.  Local  tuberculosis  or  Renal  phthisis.— This  condition  is  usually 
associated  with  tuberculosis  elsewhere.  Thus  there  is  commonly  tuber- 
culosis of  the  ureter  and  bladder,  and  also,  in  the  male,  of  the  vesiculse 
seminales,  vas  deferens,  and  testicle.  It  seems  probable  that  in  most 
cases  the  tuberculosis  originates  in  the  testicle  and  travels  to  the  other 
parts  ( Weigert),  but  an  origin  in  the  kidney  itself  is  not  to  be  excluded. 
Nevertheless  the  fact  that  the  disease  is  rare  in  females  would  indicate 
that  the  propagation  is  usually  from  the  testicle.  Renal  phthisis  is 
frequently  associated  with  pulmonary  phthisis,  which  is  probably  in 
most  cases  the  primary  affection. 

The  disease  is  usually  very  advanced  in  one  kidney  and  absent  or 
slight  in  the  other.  In  the  advanced  cases  the  kidney  is  converted 
internally  into  a  sac  with  irregularly  ulcerated  walls,  and  divided 
partly  into  compartments  by  the  remains  of  septa.     The  ulcerated 
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surface  presents  some  adhering  caseous  matter  and  the  wall  is  infil- 
trated, the  whole  pelvis  presenting  the  appearances  shown  in  the  lower 
part  in  Fig.  663.  The  capsule  of  the  kidney  is  adherent.  Hamill 
describes  what  he  believes  to  be  a  case  of  tuberculosis  of  the  kidney 
with  complete  destruction  in  a  child  of  seven  months,  and  gives  sum- 
maries of  recorded  cases  of  this  kind.  He  does  not  describe  typical 
tubercles  and  did  not  find  the  tubercle  bacillus. 

In  an  early  stage  we  find,  it  may  be,  the  apex  of  a  pyramid  the  seat 
of  a  small  ulcer  with  yellow  caseous  walls,  and  with  grey  tubercles  at 
the  periphery  in  the  substance  of  the  pyramid.  The  "lesion  begins 
usually  m  the  calices,  frequently  in 
those  situated  inferiorly,  as  in  Fig. 
663,  and  eats  its  way  in,  attacking 
and  destroying  the  kidney  tissue  in 
Its  advance.  There  is  a  very  irre- 
gular extension  of  the  ulceration, 
but  usually  there  is  some  indication 

of  the  calices  preserved. 
The  Pelvis  and  Ureter  partake 

in  the  tuberculosis,  and  the  latter 

is  often  infiltrated  either  in  patches 

or^  throughout.    Its  wall  is  greatly 

thickened,  and  its  internal  surface 

often  presents  an  almost  continuous 

layer  of  caseous  matter. 

There   is   sometimes  a  jDartial 

Hydronephrosis  (as  in  figure)  along 

with  the  tuberculosis,   from  the 

caseous    matter    obstructing  the 

ureter.    It  also  happens  sometimes 

ttltw'lt  'i'"'^  "  ''''''''''  ^^^^  bydronephrosis  in 

orL  of  th  uret  T'  ^^^^^^^^^^^  ^^e  bladder,  affecting  the 
hlf  ensued  '''''''  hydronephrosis 

tnbutL  of  the  arterr  Her\^^  '''' 
smaller  wedge -shan  A  ^^^^-^-^on  to  find  a  larger  or 

tubercles,  wfL  SisTc^:^^^^^^^^^  Tt''  closely  aggregated 
portions.    A  eenlTtnbpr  T  tuberculosis  of  the  pelvic 

Healino.  tuberculosis  may  develop  from  this. 

Fig  65".'  ^"^-ulo'sis  of  the  kidney  (see 


Fig.  603.— Tuberculosis  of  kidney  with 
hydronephrosis.     At  lower  part  a  ragged 
tuborcular  ulcer  eating  into  kidney  tiSue 
Two  small  ISO  ated  tubercular  areas  below  in 

¥S"r?^hr^latdt?otTf^^ 
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3.  General  tuberculosis. — A  Chronic  general  tuberculosis  is  not 

uncommon  in  children,  in  the  form  of  yellow  masses,  usually  softened 
in  the  central  parts.  This  is  associated  with  tuberculosis  in  other  parts, 
usually  in  the  lungs.  In  adults,  phthisis  pulmonalis  is  frequently  asso- 
ciated with  a  few  tubercles  in  the  kidneys  as  well  as  in  the  liver,  but 
they  are  of  comparatively  small  size. 

In  Acute  general  tuberculosis  there  are  numerous  tubercles  in  the 
kidneys,  mostly  in  the  cortex.  They  are  usually  elongated  in  shape 
and  visible  to  the  naked  eye  as  small  pale  areas.  Under  the  microscope 
they  are  found  to  be  caseous  in  their  central  parts  while  peripherally 
their  cells  infiltrate  between  the  tubules. 

Literature. — Negel,  De  la  syph.  r6nale,  1880 ;  Seileb,  Deutsch.  Arch,  f .  klin.  Med., 
xxix. ;  Cdkt  Jani  und  Weigeet,  Virch.  Arch.,  ciii.,  522,  1886 ;  Hanan,  ibid.,  ciii., 
221,  1887;  Nasse,  ibid.,  cv.,  173,  1886;  Baumoabten,  Tuberculosa,  1885;  Hamill, 
Pepper  Lab.  of  Clin.  Med.,  Philadelphia,  1896;  Delaivube,  Gaz.  d.  hop.,  1900. 
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Fibromas  are  very  frequently  met  with  in  the  pyramids  of  the 
kidney  in  the  form  of  small  white  tumours  of  no  practical  significance,, 
but  they  have  also  been  found  of  large  size.  Lipomas  are  rare  in 
the  kidney,  but  the  fatty  external  capsule  sometimes  forms  a  bulky 
tumour  (Lipoma  capsulare). 

Cysts.— Cysts  of  various  kinds  are  of  peculiarly  frequent  occurrence 
in  the  kidneys,  and  they  are  of  various  kinds.  In  some  cases  they  arise 
distinctly  from  obstruction  of  the  tubules,  as  in  the  contracted  kidney 
of  interstitial  nephritis  already  mentioned. 

Simple  cysts  are  frequently  met  with  in  kidneys  which  are  otherwise 
perfectly  normal,  and  the  cysts  themselves  do  not,  as  a  rule,  seriously 
interfere  with  the  functions  of  the  organ.  They  are  larger  or  smaller 
well-formed  cysts,  which  not  infrequently  project  from  the  surface  of 
the  organ.  They  contain  usually  a  clear  fluid,  but  the  contents  are 
sometimes  colloid  in  character.  The  wall  of  the  cyst  is  composed  of 
connective  tissue  lined  with  a  proper  tesselated  epithelium.  These 
cysts  sometimes  grow  to  a  large  size  (see  Fig.  664),  and  may  push  aside 
the  renal  tissue  to  a  large  extent.  It  is  probable  that  they  are  of  con- 
genital origin,  arising  by  an  isolated  occurrence  of  the  same  process  as 
that  which  produces  the  following  form. 

Cystic  transformation  of  the  kidneys  is  also  a  condition  of  congenital 
origin,  at  least  in  many  cases,  and  probably  in  all.  The  whole  kidney 
is  converted  into  a  congeries  of  cysts  of  various  sizes.    The  cysts 
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form  rounded  prominences  on  the  surface,  and  on  section  (Fig.  665) 
they  are  seen  to  replace  the  renal  tissue.  The  wall  of  each  cyst 
is  composed  of  a  tunica  propria  with  well-formed  tesselated  epithelium 
lining  it.     It  contains  usually  a  clear  fluid,  but  the  fluid  may  be 


Of  life  ^tL-^^.""'-'"  "^^^  the  lower  end         Fig.  665.    Cystic  transformation  of  kidney 

shown  m  section.  Tlie  other  kidney  was  siS.' 

th7co*ttoer  "o'—'hy  tbat  it  contain, 

hrows  down  a  granular  predpitate  of  uric  acid.  Between  the  cvsts 
here  .  very  l.ttle  space,  but  there  are  traces  of  remaining  rena  tiss^ 
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Kidneys  of  this  kind  have  been  frequently  met  with  in  new-born 
children,  in  whom  they  may  reach  the  dimensions  of  eight  inches  by 
four.  From  their  size  they  may  seriously  interfere  with  parturition, 
even  requiring  eviceration  before  delivery  can  be  effected.  It 
is  of  importance  to  note  that  this  condition  often  co-exists  with 
other  congenital  defects  such  as  hydrocephalus,  defective  urinary 
bladder,  and  horse-shoe  kidney,  and  that  it  frequently  coincides  with 
•a  cystic  condition  of  the  liver. 

Cystic  degeneration  is  also  met  with  in  the  adult,  and  it  is  remark- 
able that  the  functions  of  the  organs  may  be  preserved  for  a  long  time, 
although  both  kidneys  are  composed  of  a  congeries  of  cysts,  as  in  the 
figure.  The  author  met  with  a  case  in  which  the  patient  died  at  the 
age  of  forty-three.  For  eighteen  years  before  his  death  there  had  been 
recurring  attacks  of  hsematuria,  and  he  at  last  died  with  ursemic 
symptoms.  The  kidneys  were  much  enlarged  and  cystic,  but  with 
some  renal  tissue  remaining  between  the  cysts. 

The  cysts  undoubtedly  arise  by  dilatation  of  the  uriniferous  tubules 
and  glomeruli,  the  medullary  tubules  being,  according  to  Kennedy, 
chiefly  concerned.     The  dilatation  is   generally  ascribed  to  con- 
striction, so  that  the  cysts  are  regarded  as  Eetention  cysts.  There 
are   serious   objections  to  this   view.     The   cysts  are  obviously 
growing  structures  of  well-formed  tissue,  and  scarcely  like  the  small 
dilatations  in  chronic  nephritis.     Again,  the  general  aspects  of  the 
■condition,  both  clinically  and  pathologically,  are  not  those  of  a 
chronic  nephritis   such  as  would   produce  obstruction.     There  is 
rather   a   slowly  advancing   transformation  of  the  tubules,  with- 
out any  of  the  ordinary  signs  of  Bright's  disease,  so  that  the  actual 
diagnosis  is  usually  made  post-mortem.   From  his  own  observation,  the 
author  believed  that  the  condition  arose  probably  from  a  perverted 
function  of  the  renal  epithelium.    In  a  case  of  the  kind  he  found  that 
the  beginnings  of  the  cysts  seemed  to  be  the  formation  of  small  clumps 
of  colloid  matter  in  the  tubules,  formed  as  if  by  abnormal  secretion. 
The  character  of  the  secretion  prevented  its  passage  down  the  tubule, 
a,nd  it  may  be  supposed  that  the  continuation  of  this  abnormal  secretion 
would  produce  gradual  enlargement.    An  origin  such  as  this  would  be 
consistent  with  the  fact  that  cystic  disease  of  the  liver  frequently 
coincides  with  that  of  the  kidneys,  and  that  in  some  cases  there  are  also 
cysts  in  the  pancreas,  lungs,  etc. 

Dermoid  cysts  are  also  met  with  in  the  kidneys. 
Adenoma.— This  form  of  tumour  is  rare.    It  occiu-s  in  the  kidneys 
in  the  form  of  defined  solitary  growths  of  various  sizes  up  to  that  of  a 
walnut  or  larger.    It  is  found  in  the  cortical  substance,  and  arises 
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from  the  convoluted  tubules.  According  to  structure  two  forms  are 
described,  a  papillary  and  an  alveolar,  these  resembling  the  correspond- 
ing forms  in  the  ovaries  (see  Fig.  66G). 

It  is  common  to  meet  with  small  tumours  consisting  of  pieces  of 
Displaced  suprarenal  capsule.  The  tumours,  which  usually  occur  as 
flattened  ochre-yellow  nodules,  lie  immediately  under  the  capsule  of 
the  kidney,  but  may  be  deep  in  the  renal  substance;  they  are 
distinctly  defined  from  the  kidney  tissue.     Under  the  microscope 


Fig.  666.— Cystic  adenoma  of  the  kidney. 

they  show  cylindrical  masses  of  ceUs  which  are  infiltrated  with  fat 

Gra^t.fo„*dTha!'  starting-points  of  tumour  formation, 

wawitz  found  that  certain  renal  tumours,  both  benign  and  mali»i,ant 

that  fatty  infiltration  nf  fT,.-      ii      ^P^"^^^^"^™-     He  showed,  again, 

epithelium  but  of    .1         '  '  ^'''"^'^  in  renal 

P       urn,  but  of  regular  occurrence  in  the  cortex  of  the  suprarenal 


1118 


THE  KIDNEYS. 


gland.  The  tumours  were  further  shown  to  be  demarcated  from  the 
kidney  tissue  by  a  connective-tissue  capsule,  and  the  correspondence  of 
their  structure  with  one  or  more  zones  of  the  suprarenal  gland  was 
emphasized. 

A  large  number  of  renal  tumours  adhering  to  Grawitz's  description 
have  been  recorded.  They  grow  from  the  cortex  towards  the  pelvis, 
and  cause  atrophy  of  the  renal  substance  by  pressure.  They  may , 
entirely  replace  the  kidney  tissue  and  still  be  retained  within  the 
capsule.  They  usually  project  from  the  surface,  and  when  of  large 
size  consist  of  a  number  of  nodules,  varying  in  size  from  a  pin's  head  to 
walnut  or  larger.  The  pelvis  is  not  infrequently  invaded,  with 
resulting  hsematuria.  The  renal  vein  or  vena  cava  may  be  involved, 
and  secondary  growths  may  appear  in  the  lungs,  liver,  bones,  etc. 
Birch-Hirschfeld  was  the  first  to  apply  to  these  tumours  the  term 
Hypernephroma.  There  is  no  hard  and  fast  line  between  the  benign 
and  the  malignant  forms. 

Microscopically  the  tumour  is  seen  to  be  divided  up  into  lobes  by 
connective-tissue  bundles  continuous  with  the  capsule.  From  these 
finer  fibrous  strands  ramify.  Necrosis,  fatty  changes,  haemorrhage, 
and  pigmentation  are  common,  giving  the  growth  a  peculiar  variegated 
appearance.  The  polygonal  form  of  the  cells,  their  size,  their 
arrangement  in  cylinders  and  heaps,  their  close  connection  with  the 
endothelium  of  the  vessels,  their  fatty  and  pigmentary  contents,  and 
the  sparse  stroma — consisting  mainly  of  capillaries — have  been  adduced 
in  favour  of  a  suprarenal  origin.  The  presence  of  glycogen  (Lubarsch) 
and  lecithin  (Gatti)  have  been  specially  emphasized.  Lubarsch  also  has 
laid  stress  on  a  certain  similarity  in  staining  of  the  nuclei  by  Weigert's 
fibrine  stain,  with  the  cells  of  the  suprarenal  cortex ;  on  the  occurrence 
o'f  giant  cells,  which  are  not  uncommon  in  suprarenal  adenomas  ;  on 
the  tendency  to  invade  the  venous  system,  and  on  the  absence  of 
transition  from  urinary  epithelium  to  tumour  tissue.  Ulrich  and 
Beneke  have  shown  a  direct  continuity  of  tumour  with  a  subcap- 
sular suprarenal.  The  older  nodules  were  in  the  upper  pole  of  the 
kidney. 

Tumours  of  similar  structure  have  been  found  in  other  places  where 
suprarenal  rests  occur,  viz.  :  in  the  neighbourhood  of  the  spermatic 
vein,  in  the  broad  ligament,  in  the  liver,  etc.  Fiu-ther,  certain  benign 
and 'malignant  tumours  of  the  suprarenal  body  correspond  closely  in 
structure  to  the  tumours  under  consideration. 

Morphologically  these  tumours  have  been  variously  regarded  as 
adeno-carcinomas,  carcinomas,  cylindromas,  sarcomas,  angiosarcomas, 
endotheliomas,  etc.    According  to  M'Vicar,  in  the  character  of  their 
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cells,  cell  contents,  and  stroma,  and  in  their  general  arrangement,  they 
are  most  closely  allied  to  endotheliomas  of  bone.  They  are  of  slow 
growth,  and  occur  for  the  most  part  in  elderly  people. 

Primary  sarcoma. — This  occurs  in  vai^ious  forms.  It  is  stated  that 
cases  described  as  cancer  are  frequently  sarcomas  (Dickinson).  The 
early  age  at  which  cancers  of  the  kidney  are  stated  to  occur  lends 
support  to  this  view,  as,  in  general,  children  are  much  more  liable  to 
sarcomas  than  cancers  (see  Fig.  667). 


Kig.  007. -Sarcoma  of  the  kidney  in  a  child. 

The  forms  chiefly  met  with  are  round-celled  and  spindle-celled  sar- 
coma myxosarcoma,  and  myosarcoma.  The  tumours  genera  y  grow 
rapdly  and  may  assume  large  dimensions.   They  occur  mostly  in  far^ 

The  Myosarcoma  is  a  specially  interesting  form.    It  is  composed  of 
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The  view  of  Cohnheim  is  probably  correct,  that  the  tumours  arise  by- 
foetal  inclusion.  The  first  rudiment  of  the  uro-genital  organs  is  close  to 
the  proto- vertebrae,  and  it  seems  probable  that  some  of  the  germinal 
muscle  cells  from  the  latter  have  been  included  with  the  cells  forming 
the  rudiments  of  the  kidney,  and  have  afterwards  formed  the  tumours. 
Metastasis  has  been  observed,  and  the  secondary  tumours  may  contain 
muscle. 

Primary  cancer. — This  tumour  is  usually  unilateral,  although  there 
have  been  cases  of  bilateral  cancer.  The  tumour  is  in  most  cases 
virtually  a  cancerous  degeneration  of  the  organ.  The  kidney  may  be 
completely  converted  into  a  tumour,  which  sometimes  attains  a  very 
large  size,  retaining  the  general  shape  of  the  organ  and  covered  by  its 
capsule.  The  pelvis  is  also  usually  recognizable,  although  the  cancerous 
tissue  may  have  grown  into  it.  But  in  some  cases  only  a  part  of  the 
kidney  is  involved,  and  in  that  case,  while  the  affected  part  retains  the 
general  shape  of  the  organ,  although  enlarged,  the  remaining  piece  of 
kidney  has  quite  its  normal  appearance.  To  the  naked  eye  it  is  as  if  a 
portion  of  kidney  were  transformed,  and  with  the  microscope  it  can  be 
seen,  at  the  margin  of  normal  and  pathological,  that  the  tumour  is 
advancing  by  a  conversion  of  the  proper  kidney  tissue.  The  epithe- 
lium of  the  tubules  is  multiplying  so  as  to  form  the  cancerous 
epithelium,  and  is  becoming  irregular  in  - form,  while  the  cancerous 
stroma  is  being  formed  of  the  connective  tissue  of  the  organ. 

In  regard  to  the  form  of  cancer,  there  are  some  cases  in  which  the 
structure  has  been  that  of  the  cylinder-celled  epithelioma,  in  others 
more  that  of  ordinary  cancer.  A  partial  colloid  transformation  has 
been  observed  in  a  few  cases.  Whatever  the. form  the  tissue  seems  to 
originate  from  the  kidney  structures. 

The  tumour  is  usually  very  soft,  but  it  is  generally  confined  within 
the  capsule  of  the  kidney.  If  it  passes  beyond  the  capsule  it  does 
so  more  readily  into  the  retroperitoneal  tissue  than  into  the  peri- 
toneum, and  it  may  thus  extend  along  the  wall  of  the  trunk  into 
the  pleura. 

The  growing  tumour  not  infrequently  extends  into  the  pelvis  of  the 
kidney  and  the  renal  veins.  Hence  arise  hsematuria  on  the  one  hand, 
and  thrombosis  of  the  veins  on  the  other.  The  thrombosis  may  be 
very  extensive,  the  clot  propagating  itself  in  various  directions. 

In  a  case  observed  by  the  author  there  was  a  very  extensive  thrombosis, 
involving  the  veins  of  both  legs.  In  another  case  cancerous  elements  were 
present  in  the  thrombus,  and  some  of  these  had  been  conveyed  to  the  lungs ;  they 
were  detected  along  with  the  clot  inside  the  pulmonary  artery,  embolism  havmg 
occurred. 
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Secondary  Tumours.— Metastatic  tumours  are  not  very  frequent  in 
the  kidneys.  Cancers  and  Sarcomas  occur.  Melanotic  sarcoma 
also  occurs. 

Malignant  lymphoma  and  Leukaemic  tumours  are  perhaps  the  com- 
monest. As  seen  with  the  naked  eye,  they  form  rounded  tumours 
affecting  the  cortex  chiefly,  and  causing  great  enlargement.  Under 
the  microscope  they  present  round-celled  tissue  infiltrated  between  the 
tubules. 

Literature.-;r«,«o,„-..— Kelynack,  Eenal  growths,  1898  ;  Joees,  Lubarsch  & 
Ostertag,  Ergebnisse,  vi.,  1901 ;  Morris,  loc.  cit.,  1902.  Cy.fe-EAYEB,  Traite 
des  malad.  des  reins,  iii. ;  Virchow,  Ges.  Abhandl.,  871 ;  Eve,  Path.  Trans  xxxi 
164,  1880;  Pye-Smith,  ibid.,  xxxii.,  1881,  and  xxxvi.,  1885;  Thorn,  Beitr  zur 
Genese  d.  Cystenniere,  1882;  Kennedy  (with  literature),  Laboratory  Eep.,  Edin- 
.  (summaries  of  eases),  ibid.,  iv.,  1892;  Ewald,  Verhandl 

d  Berhn.  Med.  Gesellsch.,  xxii.  andxxiii.;  von  Kalhden,  Ziegler's Beitr.,  xiii.,  1893 

f  f  r?oTo  T""'  ^""^^  '^"^^  '  Weichselbaum  u.  Greenish,  Oest.  Med. 

Jahrb.,  1883;  Grawitz,  Virch.  Arch.,  xciii.,  1888;  Maechand,  ibid.,  xcii.  1883- 
Enoelken    Ziegler;s  Beitriige,  xxvi.,  1899;   M' Vicar,  Adrenal  tumours 'of  the' 
K  dney  Thesis,  Edin.  Univ.,  1902.    &rco«^a-DicKiNsoN,  loc.  cit. ;  Newman  loc 
cit     Myosarcoma-CoH^^nEiu,  Virch.  Arch.,  Iv.,  1872;    and  Ixv.,  1875;  Eve" 
Path.^Trans.,  xxxai.,  1882;  Wi..iams,  ibid.;  Eibbert,  Virch.  Arch.,  cvi.  1886' 
(7a«c.r-WA.BEYER,  Virch.  Arch.,  Ixi.  and  Ixiv.,  1875;  Peeeverbe.e  ibid  ,  hx 
1874;  EBSTEiN,Deutsch.  Arch.  f.  klin.  Med.,  xxx.;  Gaiebker  and  c;ats,  Glasg' 
Med.  Jour.,  iii.,  1871 ;  Brobeob,  Affections  du  Eein,  1886,  p.  170;  Newman   oc  c  t 
JoREs,  loc.  Cit.,  1901 ;  Morris,  loc.  cit.,  1902.  ^J^wman,  loc.  cit.. 


XII.-PAEASITES  IN  THE  KIDNEY. 

The  Echinococcus  is  of  occasional  occurrence,  sometimes  along  with 
a  simultaneous  hydatid  cyst  of  the  hver.  There  is  here,  as  In  Z 
liver,  a  large  mother  cyst  surrounded  by  a  distinct  connective  tis  ue 

^^-^^^^^^  ^^^^^  brood-JapsuTes 

~n^!srof^s:r^^^^ 

nature  of  the  cyst  esl<^'  1        '  n  distingnzishing  the 

tHe  booklets,  maTwX^^^^^^^^^^  ^^^^^  -en 

siderably  opened  un  and  n  J      '"^"'^  be  con- 

The  FiuT   ^  ^'^'^.P'^^^'^d  aside  by  this  parasite. 

Filana  sanguinis  occurs  probably  in  the  adult  form  in  the 
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lymphatic  vessels  of  the  kidney.  The  embryos  have  been  met  with  in 
the  parenchyma  of  the  kidney  and  in  the  Chylous  urine,  which  is  the 
result  of  the  presence  of  the  parasite  (see  p.  446). 


Fig.  668. — Section  of  a  stratified  chitinous  membrane  from  an  old  hydatid  cyst  of 
kidney,    x  90. 

Literature.— EoiyrESTAU,  Des  Kystes  hydatiques  des  reins,  1881 ;  Baekee,  Cystic 
entozoa  of  human  kidney,  1856;  Manson,  Filaria  sang.,  1883;  Lewis,  Memoirs, 
1888.    See  also  Literature,  Animal  parasites,  p.  447. 


B.--THE  Urinary  Bladder. 

1.  Congenital  malformations.— These  are  chiefly  represented  by 
Extroversion  of  the  bladder,  already  described  at  p.  55,  and 
Persistence  of  the  urachus,  which  is  a  minor  degree  of  a  similar 
malformation. 

2.  Perforation  and  Rupture  of  the  bladder.— Rupture  may  be 
produced  in  various  ways.  It  may  be  by  a  direct  wound,  by  fracture 
of  the  pelvis,  by  injuries  during  parturition.  Then  ulceration  from 
stone,  but  more  frequently  from  cancer,  not  infrequently  produces 
perforation. 

The  normal  urinary  bladder  may  be  ruptured  by  a  blow  or  fall  when 
it  is  distended  with  urine.  This  occurs  most  readily  in  intoxicated 
or  insane  persons.  The  rupture  occurs  usually  on  the  posterior  aspect 
near  the  fundus  and  into  the  peritoneum. 

These  conditions  are  important  chiefly  in  their  consequences,  leading, 
as  they  commonly  do,  to  extravasation  of  urine  and  to  the  formation 
of  fistulous  communications  with  the  surface  or  with  neighbouring 

canals.  ~     •         mi.  i 

Simple  Extravasation  of  urine  is  not  in  itself  serious.  The  normal 
urine  is  a  bland  fluid,  and  it  may  flow  from  a  severed  ureter  or  a 
ruptured  bladder  into  the  peritoneal  cavity  without  producing  any 
peritonitis,  the  urine  being  absorbed  by  the  peritoneum  and  again 
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excreted  by  the  kidney.  If  the  aperture  remains  open  then  the 
secreted  urine  is  not  removed,  but  passes  back  into  the  peritoneum  to 
be  re-absorbed.  In  this  way  a  vicious  circle  is  established,  and  death 
from  UraBmia  is  the  result.  The  normal  urine  does  not  produce  an 
ordinary  peritonitis,  but  it  may  lead  to  a  considerable  serous  exudation, 
and  there  are  the  general  symptoms  of  peritonitis. 

When  the  extravasated  urine  undergoes  alkaline  decomposition  it 
acquires  excessively  irritating  characters.  The  urine  being  an  exceed- 
ingly decomposable  fluid,  and  being  kept  at  the  temperature  of  the 
body,  rapidly  decomposes  if  the  proper  organisms  find  access  to  it. 
Hence  from  rupture  into  the  peritoneum  we  may  have  violent  acute 
peritonitis,  or  from  rupture  either  of  the  bladder  or  urethra  into  the 
surrounding  connective  tissue  an  acute  suppurative  inflammation  of 
the  areolar  tissue  and  skin,  sometimes  with  extensive  necrosis 

ristulous  openings  from  rupture  of  the  bladder  may  be  into  the 
uterus  or  vagina,  into  the  rectum,  or  on  to  the  cutaneous  surface. 

T  I'^^'^'  involuntarily  as  it  reaches  the 

bladder  there  being  no  sphincter  to  retain  it.  They  occur  also  as  a 
result  of  perforation  of  the  bladder  from  without,  especially  from  the 
uterus  and  vagina,  the  cause  of  perforation  being  sometimes  cancer  of 
these  parts,  sometimes  sloughing  from  injury  during  parturition. 

3.  Dilatation  and  Hypertrophy  of  the  bladder.-A  simple  dilatation 
uiay  occur  from  a  sudden  obstruction  to  the  urethra,  or  from  paralys" 
of  the  muscles  concerned  in  emptying  the-  bladder.  In  this  way  a  very 
extreme  general  dilatation  may  result  ^ 

as^St'o?'  ^^^^  fr^'l-"^  —nee 

in  the  uthl  Th  ''''  "^^^  «f        ^^^^dder  or 

the  urethia.    The  commonest  cause  is  enlargement  of  the  prostate 

^^^zzrzf::^  rr     '-'^  - 

.  frequent  cause  ^   ^  '''''  '-^^ra  is  also 

coat  is  therefore  not  I  hoi  T  The  muscular 

interlacing  baTds     It  isT:n"T  T'  ^^^^  ^  ^^--k  of 

bands  combing  dolr     "I  T^' i       '^^'"'^^     ^^^^^^d^d,  the 

-Phy  occur:  tCb^nt  i^::  ^^a  ^  " andT"  T'. 

presents  a  netwo  k  or  promiienW  t       ™f  '"'^^'^  ^^^^^der 

ance  of  the  internal  surface  J  -  'PP'"'" 

Fig.  669.  ^  ^^"^"'^l^  of  the  heart,  as  shown  in 
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As  these  trabcculce  interlace,  little  spaces  are  left  between  them  in  the 
form  of  small  pouches.  Sometimes  these  pouches  undergo  considerable 
enlargement,  and  we  may  have  Diverticula  formed  in  this  way.  The 
diverticulum  is  originally  formed  of  the  mucous  membrane  pushed 
out  between  the  thickened  muscular  trabecular.  When  small  it  is 
contained  in  the  thickened  wall  of  the  bladder  and  emptied  during 
micturition.  But  as  it  deepens  and  [)rojects  outside  the  wall  of  the 
bladder  it  becomes  free  of  the  muscular  coat,  and  as  it  possesses  no 


Fig.  Ofifl.-  Hyi^ertrophy  of  the  bladder  from  enlargement  of  the  prostate. 

muscular  coat  of  its  own  the  effect  of  the  contraction  of  the  bladder 
during  micturition  will  be  to  force  the  urine  into  it,  just  as  it  is  forced 
into  the  urethra.  The  diverticulum  is  liable  in  this  case  to  periodical 
dilatation.  The  urine  also  will  stagnate  in  it,  and  if  decomposition 
occurs,  then  there  will  be  inflammatory  disturbances  in  the  wall  of  the 
diverticulum.  New-formation  of  connective  tissue  occurs,  and,  as  this 
tissue  is  at  first  soft,  the  recurring  dilatation  during  micturition 
causes  it  to  yield,  so  that  a  continuous  enlargement  goes  on.  The 
diverticula  so  formed  are  usually  of  small  or  moderate  dimensions,  but 
cases  occur  in  which  there  is  a  large  sac,  usually  behind  the  bladder 
and  communicating  with  it  by  a  narrow  neck  (Fig.  670).  The  sac  may 
be  larger  than  the  bladder  itself,  and  it  presents  a  somewhat  thicjc 
fibrous  wall  with  signs  of  recent  inflammation  internally. 

In  diverticula  of  moderate  or  large  size  calculi  are  liable  to  form 
from  stagnation  of  the  urine.  Or  a  calculus  may  slip  into  such  a  pouch 
and  escape  detection  with  the  sound. 
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4.  Disturbances  of  the  circulation  of  the  bladder— Passive  hyper- 
emia occurs  in  consequence  of  obstruction  of  the  veins  by  tumours  in 
the  abdomen  or  otherwise.  Sometimes  in  such  cases  the  veins  of  the 
mucous  membrane  undergo  .great  dilatation  and  become  varicose, 
especially  in  the  floor  of  the  bladder,  giving  rise  to  Vesical  haemor- 
rhoids. The  dilated  veins  may  even  obstruct  the  orifice  of  the  urethra, 
and  there  is  sometimes  hasmorrhage  from  them. 

HaBmorrhage  from  the  bladder  occurs  also  in  consequence  of  the 
irritation  of  calculi,  from  tubercular  ulcers,  from  papillary  and  can- 
cerous tumours.  There  may  be  hasmorrhages  from  the  mucous  mem- 
brane in  scurvy,  hasmorrhagic  small-pox,  etc.    There  is  sometimes  a 


haemorrhage  following  catheterization,  and  probably  due  to  the  sudden 
relief  0  pressure  from  the  emptying  of  the  bladder,  without  a  sufficient 

::  ~  th  \TT^'^^         If  the  bleeding  into  the  bladder  b 
consKletable  the  blood  may  coagulate,  and  may  be  discharged  with 

.r       ,     .       -^'""f  ui  iriitation.    fetone  may  produce  it  and 
may  he  cx  e„s,o„  of  gonorrhea.  b„t  by  fa,-        „'o  t  rrellnt  lZ 
of  It  IS  alkaline  decomiwsition  of  the  urine 

,  lae  growth  of  the  microbes  being  inhibited  by  the 
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normal  mucous  membrane.  In  cases  of  paralysis  of  the  bladder,  or  of 
dilatation,  especially  when  combined  \vith  a  certain  amount  of  inflam- 
mation, the  microbes  multiply.  This  is  particularly  the  case  when 
there  is  stagnation  of  the  urine,  and  the  bladder  has  to  be  relieved  at 
intervals  by  catheterization.  The  bacteria  may  find  other  means  of 
entrance,  as  by  fistulous  openings.  It  is  not  impossible  that  in  the  case 
of  the  short  female  urethra  they  may  propagate  along  that  passage 
from  the  vagina. 

The  products  of  decomposition  produce  the  usual  infiammatory 
manifestations  in  various  degrees.    In  very  acute  cases  there  is  great 


Fig.  671.— Slough  of  the  mucous  membrane  of  the  liladdoi 


swelling  of  the  mucous  membrane,  it  may  be  with  superficial  or  deep 
sloughing  (Fig.  671).  In  more  chronic  cases  the  mucous  membrane 
becomes  thickened  and  very  frequently  the  seat  of  ulceration,  so 
that  with  thickening  and  ulceration  there  is  very  great  irregularity 
of  the  surface,  sometimes  with  polypoid  projections.  The  surface  is 
occasionally  incrusted  with  phosphates  deposited  by  the  alkaline  urine. 
The  muscular  coat  is  often  thickened,  especially  when  there  is  at  the 
same  time  obstruction  to  the  passage  of  the  urine,  and  there  is 
the  usual  trabecular  appearance,  but  obscured  by  the  thickening  of 
the  mucous  membrane.  The  bladder  may  undergo  great  contraction  in 
consequence  of  chronic  inflammation,  the  new-formed  tissue  in  the 
mucous  membrane  shrinking. 
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The  urine  contains  the  inflammatory  exudation  as  well  as  the 
products  of  decomposition.  In  acute  cases  there  may  be  considerable 
quantities  of  pus.  In  more  chronic  cases  the  urine  is  thick  and 
gelatinous  like  a  mucous  secretion.  The  toughness  does  not,  however, 
depend  on  the  presence  of  mucin,  but  is  occasioned  by  the  albumen 
of  the  inflammatory  exudation  being  acted  on  by  the  alkaline  salts  in 
the  urine.  It  is  well  known  that  the  presence  of  pus  in  the  urine  may 
be  detected  by  adding  an  alkali ;  the  deposit  assumes  a  gelatinous 
character.  The  pus  and  other  inflammatory  products  in  the  bladder  are 
similarly  acted  on  when  the  urine  becomes  alkaline,  and  we  have  the 
viscid  character  mentioned.  Under  the  microscope  the  urine  presents 
abundant  pus  corpuscles  and  epithelium,  with  immense  numbers  of 
bacteria  and  crystals  of  triple  phosphates. 

Decomposition  of  the  urine  in  the  bladder  is  of  consequence,  not  only 
in  respect  that  it  leads  to  Cystitis,  but  also  that  the  decomposition  is 
liable  to  extend  upwards  and  produce  still  more  serious  eff'ects.  Thus 
the  process  may  extend  up  the  ureters  so  as  to  produce  one  of  those 
serious  septic  conditions  of  the  pelvis  and  kidney  already  described 
(see  p.  1102).  These  results  sometimes  follow  the  introduction  of  a 
catheter  so  rapidly  as  to  have  given  origin  to  the  term  Catheter  fever, 
a  clinical  designation  which  may  include  one  or  other  of  the  conditions 
described  under  the  designations  Pyelitis,  Pyelonephritis,  Suppurative 
Nephritis,  and  Pyonephrosis. 

6.  Tuberculosis  of  the  bladder.— This  condition  is  usually  only  a 
part  of  much  more  extensive  tuberculosis.  There  is  often  a  coin- 
cident tuberculosis  of  the  kidney  and  ureter  (see  above).  The 
vesiculjE  seminales,  vas  deferens,  and  testicle  are  frequently  aff-ected 
and  the  bladder  aftection  is  often  due  to  propagation  from  the 
testicle. 

The  tuberculosis  is  in  the  form  of  ulcers  of  the  mucous  membrane 
which  at  first  are  circular,  but  acquire  various  shapes  by  coalescence 
(^ig.  b/:^).  ihe  ulcers  are  mostly  superficial  and  their  edges  very 
slightly  raised,  the  latter  having  a  pale  colour  so  that  the  ulcer  is 
surrounded  by  a  whitish  zone.  The  disease  begins  by  the  formation 
of  tubercles  m  the  mucous  membrane.  These  break  down  and  form 
ulcers,  which  continuously  extend  by  the  further  tuberculosis  of  their 
walls  and  the  breaking  down  of  the  infiltration.  The  general  appear- 
ances of  these  ulcers  are  very  well  shown  in  the  annexed  figure' from 

^i::tz:T'''- -^-^ 
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Villous  Papilloma  is  a  much  commoner  tumour  (see  Figs.  150,  151, 
p.  317).  This  is  met  with  for  the  most  part  in  the  inferior  portions  of 
the  bladder,  and  forms  either  a  prominent  mass  with  projecting  papillaj 
or  else  a  surface  covered  by  villi.  The  tendency  of  these  villi  to  bleed 
is  an  important  fact.  Sometimes  the  villi  break"  down  and  an  ulcer 
forms.  In  any  case  they  discharge  abundant  epithelium,  which  is  to 
be  found  in  the  urine,  and  is  not  to  be  taken  as  evidence  of  the 
existence  of  cancer. 


Fig.  672.— Tuberculosis  of  the  bladder.  Jliiuy  rouud  or  serpiginous  uleers  are 
shown.  These  ure  superaciiil,  but  arc  defined  by  their  white  edges  which  represent 
recent  tube^-cles.  There  are  several  white  spots,  indicating  tubercles  which  have  not 
yet  ulcerated.  (Virchow.) 


Cancer  of  the  bladder  is  mostly  met  with  in  the  form  of  villous 
cancer.  The  surface  is  like  that  of  the  Papilloma,  but  the  wall  of  the 
bladder  beneath  the  villi  is  infiltrated  with  the  cancerous  structures. 
In  some  cases  the  structure  gives  way  and  a  cancerous  ulcer  with  raised 
edges  is  the  result.  There  are  also  cancers  without  any  villous  pro- 
jections of  the  surface.  These  may  form  very  insignificant  tumours  and 
yet  lead  to  very  widespread  secondary  extension.  The  cancer  may 
extend  to  neighbouring  structures,  but  it  is  much  more  common  for 
a  cancer  originating  in  the  uterus  or  the  rectum  to  extend  into  the 
bladder  than  for  the  reverse  process  to  occur.  We  have  already  seen 
that  fistulous  communications  occur  in  this  way. 
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Cysts  have  been  found,  especially  in  the  posterior  wall  of  the 
bladder.  In  cystitis  the  writer  has  several  times  found  a  number  of 
small  cysts  in  front  of  the  trigone,  a  condition  to  M'hich  the  name 
Vesiculation  of  the  bladder  has  been  given  (see  Fig.  673). 

8.  Parasites.— If  we  except  the  microbes  already  referred  to, 
parasites  in  the  bladder  are  of  secondary  importance.  The  echino- 
coccus  may  burst  into  the  pelvis  of  the  kidney,  and  portions  of  the 
parasite  pass  into  the  bladder.  Ascarides  and  oxyurides  have  been 
found  to  wander  into  the  bladder. 
The  distoma  hjematobium,  by 
the  penetration  of  its  ova,  pro- 
duces considerable  irritation  and 
haemorrhage. 

Sarcinae  have  been  found  in 
the  urine  in  cases  of  inflammation 
of  the  bladder,  but  rarely. 

9.  Concretions  and  Calculi  in 
the  bladder.— The  most  frequent 
constituents  of  urinary  calculi  arc 
phosphates,  uric  acid  and  oxalate 
of  lime.    Phosphates  are  preci-  ^ 

pitated  from  alkaline  urine,  uric  '  -^^fc/*^-   . 

acid  and  oxalate  of  lime  from  acid     ^ig.  (ir3._vcaicuiatioii  of  the  mucous  luombrauo 
urine.   Phosphates  are  deposited 

abundantly  when  urine,  after  being  passed,  undergoes  its  usual  alkaline 
decomposition;  unc  acid  and  oxalates  are  thro^vn  down  in  crysta 
-hen  the  unne,  at  the  time  of  evacuation  or  afterwards  is  u n d u h 
acid,  t  e  deposition  of  oxalates  occurring  usually  some  tte  aft^ 
unne  has  been  passed,  so  that  this  precipitate  often    .1  7 
powders  the  surface  of  other  deposits  '    "  '''''' 

decomposition  of  the  ur  ne     Th  "  oft  '7"  '  "  ''''  '''' 

other  stones  whpn  f       f"  '^'^  <^^^«^nal  coating  on 

always  present  nh,„rr"  "T?- °' """'"'^  l™" 

the  subftances  are  depore  1  fri  But  i„  both  cases 

it  must  be  stroXtti  tI      "L"  '■" °f 

"=ly  aCKl.  The  conse  of  th,s  abnormal  acidity  is  not 
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always  clear.    In  some  cases  it  may  be  due  to  excessive  development  of 
acid  in  the  stomach, 

The  formation  of  calculi  of  uric  acid  and  oxalate  of  lime  seems  always 
to  begin  in  the  kidney,  and  even  in  some  cases  in  the  uriniferous 
tubules.  In  the  tubules  and  in  the  pelvis  it  is  common  to  find  small 
concretions  of  uric  acid,  forming  the  so-called  Sand  or  gravel, 
composed  of  aggregates  of  iiric  acid  crystals,  usually  rounded  in  .shape 
and  of  a  brownish  red  colour.  There  may  even  be  large  concretions  of 
uric  acid  in  the  pelvis  of  the  kidney.  In  connection  with  the  formation 
of  the  uric  acid  and  oxalate  calculi  it  is  interesting  to  observe  that  the 
two  bodies  are  often  combined  in  one  calculus,  the  mulberry  stone 
especially  having  frequently  a  nucleus  of  uric  acid,  and  perhaps  layers 
of  it  alternating  with  the  oxalate  of  lime. 

Forms  of  calculi. — We  give  here  a  brief  description  of  the  different 
forms  of  calculi,  with  an  indication  of  the  chemical  methods  for  deter- 
, mining  their  constitution.  As  a  rule  it  is  convenient  to  have  the 
calculus  sawn  through  the  middle  with  a  lapidary's  saw,  so  that  the 
arrangement  of  its  layers  and  the  characters  of  its  nucleus  may  be 
seen. 

1.  The  uric  acid  calculus.^ — This  is  usually  a  small  oval  stone,  with 
rounded  prominences  regularly  distributed  over  the  surface.  The 
colour  varies  from  a  light  fawn  to  a  deep  brick  red.  It  is  heavy  for 
its  size,  and  of  hard  consistence.  Uric  acid  is  insoluble  in  water  and 
dilute  acids,  but  very  soluble  in  weak  solutions  of  caustic  alkalies  and 
alkaline  carbonates.  A  convenient  test  is  the  murexid  reaction.  A 
fragment  of  the  calculus  is  treated  with  a  drop  of  strong  nitric  acid  and 
heated.  Effervescence  occurs,  and  the  heat  is  continued  till  a  dry 
yellowish  red  I'esidue,  remains.  When  strong  ammonia  is  added  to  the 
residue  a  bright  violet  red  hue  is  developed. 

Calculi  formed  of  urates  are  rare,  the  salts  being  urates  of  ammonia 
and  magnesia.  They  are  small  soft  concretions  formed  in  the  kidney, 
and  are  distinguished  by  their  solubility  in  boiling  water.  They  hardly 
deserve  to  be  reckoned  among  the  vesical  calculi. 

•2.  The  Oxalate  of  lime  or  Mulberry  calculus.— Sometimes  small 
stones  are  discharged  as  gravel,  forming  smooth,  round,  greyish  balls 
like  hemp  seeds.  The  calculus  proper  is  mostly  of  an  irregularly 
spherical  shape,  tuberculated  on  the  surface  like  a  mulberry,  and  of  a 
greyish  or  nearly  black  colour.  On  section  it  is  seen  to  be  in  layers,  some 
of  the  latter  generally  composed  of  uric  acid,  which  also  usually  forms 
the  nucleus  The  calculus  contains  abundant  organic  material  which 
holds  the  colouring  matter,  so  that  when  the  oxalate  of  lime  is  dissolved 
out  the  organic  basis  often  retains  the  shape  of  the  calculus.  Oxalate 
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of  lime  is  insoluble  in  the  alkaline  carbonates  and  organic  acids,  but 
soluble  in  nitric  and  hydrochloric  acids.  If  a  fragment  be  heated  on  a 
piece  of  platinum  before  the  blow-pipe  it  becomes  black,  swells  up  and 
leaves  a  bulky  white  ash  of  caustic  lime  which  gives  a  strong  alkaline 
reaction  to  litmus. 

3.  The  Basic  phosphate  of  lime  calculus.— This  form  is  very  rare. 
It  occurs  as  comparatively  small  yellowish  or  greyish  white  stones, 
rather  hard  and  smooth  on  the  surface. 

4.  The  Mixed  or  Tribasic  phosphatic  calculus  is  very  common,  at 
least  many  calculi  are  partly  formed  of  phosphates,  although  few  are  so 
entirely.  The  phosphates  are  deposited  from  alkaline  urine  as  a  light, 
bulky,  white  substance,  which  is  commonly  very  brittle.  The  salts  are 
insoluble  in  water  and  alkalies,  but  are  very  soluble  in  acids.  When  a 
fragment  is  heated  in  the  blow-pipe  flame,  the  salts  melt  and  form  a 
hard  enamel ;  hence  this  form  is  often  called  the  Fusible  calculus 

5.  The  Carbonate  of  lime  calculus  is  rare.    It  forms  small,  round, 
soft  stones.    The  salt  dissolves  with  effervescence  on  adding  an  acid 
leaving  an  organic  matrix  of  the  shape  of  the  stone 

6.  The  Cystine  calculus. -This  occurs  only  in  persons  who  are 
subjects  of  Cystinuria.  It  appears  as  if,  by  a  congenital  derangement 
of  the  nutritive  processes,  such  persons  form  cystine,  to  a  certain  extent 
probably  m  place  of  uric  acid  ;  and  this  peculiarity  occurs  frequently  in 
several  members  of  the  same  family.  The  urine,  continLusly  or 
frequently,  contains  flat  hexagonal  crystals  of  cystine,  and  these  may 
be  already  present  m  the  urine  at  the  time  of  evacuation,  or  may  be 
deposi  ed  af  er  the  urine  has  stood  for  a  time.    The  cystin  may  b eg  n 

the  pelvis  of  the  kidney,  or  it  may  be  deposited  in  the  bladder  The 
tones  are  oval  in  shape  and  have  a  waxy  consistence.    The   urface  i! 

org.  urinaires,  1872;  Voism  BuH  d^  '  ^'"^6  sur  la  tub.  des 

oism,  Bull,  de  la  soc.  anat.  de  Paris,  xlix.,  1874 ;  Eno.isck,. 
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Wiener  Klinik,  1896  ;  Senn,  Tuberculosis  of  genito-urinary  organs,  1898.  Tuinoum 
—Thompson,  Tumours  of  bladder,  1884 ;  Kuster,  Volkmann's  klin.  Vortr.,  267,  268, 
1886;  Albanan,  Turn,  de  la  vessie,  1892;  Cahen  (Cystadenoma,  cancer),  Virch. 
Arch.,  cxiii. ;  Tschistowitsch  (Growth  of  papilloma),  ibid.,  cxv. 


DISEASES  OF  THE  URETHRA. 

Injuries  to  the  urethra  are  chiefly  important  on  account  of  their 
tendency  to  lead  to  stricture.  Falls  on  the  perinseum  when  sufficiently 
severe  to  fracture  the  pelvis,  usually  cause  rupture  of  the  urethra. 
This  is  followed  by  extravasation  of  urine,  which  may  lead  to  serious 
results.  In  case  of  recovery  the  wound  in  healing  draws  together, 
■and  leads  to  stricture,  which  may  even  amount  to  obliteration  of  the 
canal. 

Injuries  are  also  frequently  inflicted  from  within  by  the  passage  of 
bougies  and  catheters. 

Inflammations. — The  most  frequent  form  is  'Gonorrhoea  which  we 
have  seen  to  result  from  the  action  of  the  gonococcus  (p.  159).  The 
mucous  membrane  in  the  acute  stage  is  red  and  swollen,  and  there 
is  a  purulent  discharge,  mixed  with  blood.  The  inflammation  some- 
times extends  to  the  surrounding  connective  tissue  or  to  the  spongy 
tissue  of  the  penis.  Abscesses  may  be  so  formed,  and  in  some 
cases  a  thrombo-phlebitis  occurs,  with  resulting  pyaemia.  It  may  also 
extend  to  the  bladder.  The  acute  stage  passes  off'  and  usually  leaves 
a  chronic  inflammation  which  frequently  results  in  stricture. 

Other  forms  of  inflammation  are  rare.  There  may  be  a  simple 
catarrh,  especially  in  the  female  urethra,  propagated  probably  from  the 
vagina. 

Stricture. — Obstruction  of  the  urethra  occurs,  as  we  have  seen,  in 
consequence  of  injuries.  As  it  is  mostly  the  membranous  part  of  the 
urethra  which  is  torn,  the  resulting  stricture  has  its  seat  there. 

Enlargement  of  the  prostate  is  the  cause  of  obstruction,  but  scarcely 
of  stricture  of  the  urethra  (see  under  diseases  of  the  male  organs). 

Gonorrhoea  is  the  most  frequent  cause.  The  chronic  inflammation, 
which  so  frequently  remains  after  the  acute  stage  of  gonorrhoea, 
commonly  concentrates  itself  in  the  most  dependent  part  of  the  canal, 
which  is  the  point  of  union  between  the  membranous  and  spongy 
portions  or  the  first  part  of  the  spongy  portion.  Here  the  mucous 
membrane  remains  swollen,  and,  as  the  chronic  inflammation  continues, 
connective  tissue  is  formed,  both  in  the  mucous  membrane  and  for 
some  distance  around.  The  new-formed  tissue  is,  as  in  other  cases  of 
chronic  inflammation,  dense,  and  possesses  a  tendency  to  contract.  Its 
contraction  nar.'ows  the  canal,  which  may  be  found  embedded  in  an 
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exceedingly  dense,  almost  Ccartilaginous  tissue.  There  is  seldom  an 
actual  obliteration  of  the  canal,  such  as  occurs  more,  readily  in 
traumatic  stricture. 

In  cases  of  stricture  False  passag-es  are  frequently  formed  by  the 
catheter.  These  have  their  aperture  near  the  stricture,  and  after 
burrowing  through  beneath  the  mucous  membrane,  either  join  the 
urethra  on  the  proximal  side  or  pass  on  to  the  neck  of  the  bladder 
before  forming  a  communication. 

The  urethra  is  dilated  on  the  proximal  side  of  the  stricture,  and 
this  dilatation  may  be  propagated  to  the  bladder,  and  sometimes  to 
the  ureters  and  pelvis  of  the  kidney.  Sometimes  the  dilatation  of  the 
urethra,  by  widening  the  neck  of  the  bladder,  causes  paralysis  of 
the  sphmcter.  Hypertrophy  of  the  bladder  is  a  common  result  of 
stricture. 

Tumours  are  very  rare  in  the  urethra.  Carunculffi  are  limited 
polypoid  outgrowths  from  the  mucous  membrane,  of  somewhat  rare 
occurrence.  Tuberculosis  occurs  in  association  with  the  same  disease 
of  the  bladder,  prostate  and  vesiculte  seminales.  Cancer  is  met  with 
chiefly  in  the  deep  parts  of  the  urethra  by  extension  from  prostate 
or  bladder,  and  in  the  distal  parts  by  propagation  from  the  glans  penis 
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DISEASES  OF  THE  GENERATIVE  ORGANS. 

Hermapliroditism,  implying  co-existence  of  both  sexes,  chiefly  a  Pseudo-herma- 
phroditism  in  various  forms. 

Subsection  I. — Diseases  of  Female  Organs. 

A.  Vulva,  Vagina,  Uterus,  Fallopian  Tubes,  and  Ovaries. — I.  Affections  of  Vulva 

and  Vagina,  of  Uterus,  etc.  II.  Malformations — 1.  Defective  formation. 
2.  Duplicity  of  ixterus  and  vagina.  III.  Displacements  of  Uterus — 1.  Pro- 
lapse or  descent.  2.  Prolapse  ai  vagina.  3.  Inversion  of  uterus.  4.  Flexions 
and  versions.  5.  Other  displacements.  IV.  Thrombosis  and  Hsemorrliage. 
V.  Atrophy,  Hypertrophy,  and  Dilatation  of  Uterus.  VI.  Inflammations — 
1.  Of  the  uterus,  (a)  Endometritis,  (&)  Metritis ;  2.  Around  the  uterus,  (a) 
Salpingitis,  (b)  Perimetritis,  (c)  Oophoritis,  {d)  Pai'ametritis.  (Puerperal 
fever.)  VII.  Extra-uterine  pregnancy,  chiefly  tubal.  VIII.  Syphilis  and 
Tuberculosis.  IX.  Tumours  of  Uterus.  1.  Myoma,  2.  Cancer,  3.  Sarcoma, 
4.  Polypi  and  Adenomata.  X.  Tumours  of  ovaries  and  broad  ligament — 
Introduction,  1.  Simple  cysts,  2.  Colloid  ovarian  cystoma,  3.  Papillomatous 
cysts  of  ovary,  4.  Cysts  of  broad  ligament  and  Parovariuin,  5.  Dermoid 
cysts,  6.  Cancer,  7.  Sarcoma.    (Tubo-ovarian  cysts. ) 

B.  Foetal  membranes  and  placenta.— 1.   Affections  of  decidua.     2.  Hydatid 

mole.    3.  Diseases  of  placenta.    4.  Deciduoma  maligniun. 

C.  Mammary  gland. — I.     Malformations,  Inflammations,  etc.     II.  Tumours. 

1.  Adenoma  and  Fibroma,  2.  Myoma,  3.  Sarcoma,  4.  Cancer  in  various 
forms,  5.  Cysts.    III.  Parasites. 

Subsection  II.— Diseases  of  Male  Organs. 

A.  Testicle  and  Tunica  vaginalis.— 1.    Malformations  and  Misplacements,  2. 

Inflammations,  3.  Syphilis,  4.  Tuberculosis,  5.  Tumours,  including  cysts, 
sarcomas,  enchondromas,  and  others,  6.  Hydrocele,  7.  Spermatocele. 

B.  Penis,  Scrotum,  and  Prostate.— Their  various  diseases. 


HERMAPHRODITISM. 

THIS  name  implies  the  union  of  the  two  sexes  in  the  same  indi- 
vidual. So  far  as  the  internal  organs  are  concerned  such  a 
condition  is  rendered  possible  by  the  fact  that  in  every  foetus  the 
embryonic  structures  for  both  sexes  are  present  at  a  certain  period  of 
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development ;  the  Wolffian  ducts  go  to  form  the  male,  and  the  Miillerian 
ducts  the  female  organs.  It  is  by  the  subsequent  retrogression  of  one 
of  these  and  the  preponderance  of  the  other  that  the  sex  of  the  child  is 
determined.  Though  the  proper  glands  are  scarcely  represented  in  the 
opposite  sex,  yet  the  gland-ducts  or  passages  are  preserved  as  rudiments. 
Thus  in  the  female  the  parovarium  represents  the  epididymis,  whilst  in 
the  male  the  hydatid  of  Morgagni  represents  the  Fallopian  tube  and 
the  vesicula  prostatica  the  uterus. 

A  True  hermaphroditism,  in  which  ovary  and  testicle  are  both 
represented  in  the  same  individual,  is  possible,  and  cases  have  been 
recorded  in  which  on  both  sides  both  of  these  glands  have  been  present, 
one  or  other  of  them,  however,  generally  ill-developed.  This  would  form 
a  true  Bilateral  hermaphroditism.  On  the  other  hand,  there  may  be 
a  testicle  on  the  one  side  and  an  ovary  on  the  other,  forming  a  true 
Lateral  hermaphroditism.  It  is  necessary,  however,  in  such  cases  to 
be  careful,  and  not  to  conclude  that  an  organ  is  testis  or  ovary  from  its 
mere  position,  but  to  subject  it  to  microscopic  examination. 

Pseudo-hermaphroditism  is  more  common.  In  it  the  existence  of 
testicles  or  ovaries  determines  the  sex  to  be  male  or  female,  but  other 
parts  are  developed  so  as  to  resemble  those  of  the  opposite  sex,  and  so 
produce  an  apparent  combination.  ' 

In  Male  pseudo-hermaphroditism  the  testicles  are  present,  but  the 
other  structures,  in  whole  or  in  part  resemble  those  of  the  female 
ihree  combinations  are  distinguished. 

(a)  Complete  male  pseudo-hermaphroditism  is  the  condition  in  which 
while  the  glands  are  the  testes,  all  the  remaining  organs,  both  internai 
and  external,  resemble  those  of  the  female.    This  arises  by  a  persist 
ence  of  Midler's  ducts  and  an  imperfect  closure  of  the  urethra.  Tmay 
here  be  remarked  that  as  the  external  generative  organs  arise  from  the 

organs  present  .  it 

enlargement  of  the  clitoris  and  closing  in  of  the  uknary  pa  sa"  to  form 
a  urethra  we  may,  by  arrest  of  development,  have  more  or  tess  an 
approach  to  the  condition  of  the  female  organs 

extllr:;!^^^^^^^^  -s  in  w^ch  the 

T^^teTt  ::rc^Vh:  ^^tt  ~o;^^^^^^^ 

horned,  or  w'we  w  L^^^^^^^ 

that  the  vestula  lo^^^^^^^^^  '  ^^^^^^  already  seen 

esicula  prostatica  is  the  representative  in  the  male  of  the 
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vagina  and  uterus,  and  the  condition  we  are  now  considering  is  an 
exaggeration  of  that  pouch  due  to  an  unusual  persistence  of  the  lower 
part  of  Midler's  ducts.  There  may  be  all  degrees  of  this  persistence, 
but  the  case  is  not  one  of  pseudo-hermaphroditism  unless  there  is  some- 
thing that  can  be  called  a  vagina  and  uterus,  even  if  very  rudimentary. 

(c)  External  viale  pseiuh-herinaphrodiiism  is  characterized  by  the 
external  organs  presenting  the  characters  of  those  of  the  female  while 
the  entire  internal  organs  are  those  of  the  male.  The  cases  are  to  be 
excluded  in  which  there  is  simply  an  opening  up  of  the  urethra 
(hypospadias)  from  arrest  of  development.  There  must,  in  addition, 
be  an  approach  in  the  form  of  the  organs  to  those  of  the  female.  At 
the  same  time  the  general  form  of  the  body  is  that  of  the  female. 
Several  such  cases  have  been  married  as  females,  and  the  true  sex  only 
discovered  afterwards,  even  as  late  as  the  death  of  the  person. 

Female  pseudo-hermaphroditism  is  of  much  rarer  occurrence 
than  male,  and  is  susceptible  of  similar  division.  In  all  these  forms 
there  are  ovaries,  and  the  variations  are  in  the  other  organs. 

(«)  Complete  female  pseudo-hermaphroditism.  presents  the  male  form  of 
the  external  organs  as  well  as  a  portion  of  the  male  internal  organs, 
while  the  ovaries  are  the  glands  present.  In  one  case  the  male  organs 
were  complete  as  far  as  the  prostate,  but  from  this  sprang  vagina, 
uterus,  and  Fallopian  tubes. 

(b)  Internal  female  pseudo-hermaphroditism  is  that  in  which,  with  well- 
developed  female  organs  both  external  and  internal,  there  are  male 
organs  present  from  the  persistence  of  the  Wolffian  ducts,  tubes  passing 
from  the  parovarium  to  the  uterus  or  vagina.  This  condition  is 
excessively  rare,  although  in  ruminating  animals  it  is  a  normal  condition. 

(c)  External  female  pseudo-hermaphroditism  is  the  form  in  which  the 
external  parts  have  the  characters  of  the  male  while  the  internal  have 
those  of  the  female.  It  will  be  understood  that  an  elongation  of  the 
clitoris  will  cause  the  parts  to  approach  to  those  of  the  male.  Some 
cases  present  nothing  more  than  this,  while  there  are  others  in  which 
there  is  a  distinct  penis,  and  the  opening  of  the  vagina  is  narlw  and 
concealed.  The  name  hermaphrodite  can  hardly  be  applied  unless 
there  is,  as  well,  a  type  of  body  approaching  that  of  the  male.  A  case  is 
recorded  in  which  the  real  sex  was  only  suspected  when  the  person 
became  pregnant. 

literature.-roRSTE.,  Missbild.  des  Mensohen.  1861 ;  Gukthei,,  Commentatio 
de  Hermaphroditismo,  1846  ;  Ballantyne,  Enoycl.  Med.,  iv.,  UOO. 
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Subsection  I.— DISEASES  OF  THE  FEMALE  GENERATIVE 

OEGANS. 

Introductory.— The  female  organs  are  specially  liable  to  disease  from 
their  functional  relations.  At  the  times  of  menstruation  and  pregnancy 
changes  occur,  some  of  which,  although  strictly  physiological,  border  on 
the  pathological.  The  anatomical  relations  of  the  internal  organs  of 
generation  in  the  female  have  also  to  be  taken  carefully  into  account  in 
connection  with  the  changes  in  position  to  which  the  uterus  is  especially 

A._VuLVA,  Vagina,  Uterus,  Fallopian  Tubes,  and  Ovaries. 

I. -AFFECTIONS  OF  THE  VULVA  AND  VAGINA 
Malformations  of  the  vulva  are  occasionally  seen  varying  from  com- 
plete absence  to  union  of  the  labia  minora  or  labia  majora.    The  latter 

i^i=72::.r'     ^ ^- 

Hyperplasia  sometimes  is  met  with.  The  excessive  development  of 
Passive  Hyperemia  and  (Edema  are  common  manifestations  and 

results  in  the  formation  If  '  ^o^g-^tanding  pruritus.  It 

tendency  to  contrTct  oa-f  T  '  ''''''''  ^^^^^  ^^^^^  ^  great 
epithelium  is  usli  ;  mTh  fZ  ^'""^"^  ^^^"^^^^^  ^^e  surface 
appearance  seen  in  ic:::fedtr^^  '^"^"'"^  ^^^^^  ^^-^ 

«V:bt;7'^^^^*^^  ~       of  children,  has  been 

-e^;;:r::::::s^^  is  common  in 

P-tically  always  secondary. 

^^^^^^^ 

4  c  ' 
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Amongst  the  malignant  tumours  Cancer,  in  the  form  of  flat-celled 
epithelioma,  is  much  the  most  frequent  and  important.  It  may  assume 
a  nodular,  papillary,  or  ulcerous  form. 

Cong'enital  and  acquired  deformities  of  the  vagina.— The  more 
important  of  the  former  will  be  considered  later ;  the  latter  do  not  call 
for  special  mention. 

Inflammations  of  the  vagina. — The  most  frequent  of  these  are  the 
catarrhal  forms :  the  most  important  is  gonorrhoeal  vaginitis.  Other 
forms  are  described,  such  as  aphthous,  emphysematous,  etc.  Diphtheria 
has  occasionally  been  observed. 

Syphilis  is  met  with  in  all  its  stages.    Tuberculosis  is  rare,  and 
almost  always  secondary. 

Tumours. — Cysts  arising  in  connection  with  the  Wolffian  or  Miil- 
lerian  duct  (Gartner's  duct)  or  from  the  glands  are  met  with.  Myomas 
and  Fibromas  are  occasionally  seen  in  the  anterior  wall.  Sarcomas 
may  occur  in  children  as  polypoid  or  nodular  growths,  which  are  pro- 
bably congenital,  or  in  adults  in  the  form  of  more  difi'use  infiltrations. 
Cancer  is  not  uncommon,  both  primary  and  secondary  by  involvement 
from  neighbouring  parts.  Metastasis  of  Deciduoma  malignum  to  the 
vagina  has  been  repeatedly  observed. 

11.— MALFORMATIONS. 

In  treating  of  this  subject  it  is  necessary  to  bear  in  mind  that  the 
internal  and  external ,  organs  have  separate  developmental  origins,  and 
that  the  malformations  of  the  one  may  have  no  connection  with  those 
of  the  other. 

1.  Defective  formation  of  the  female  organs.— Defects  of  various 
kinds  are  met  with,  both  in  the  internal  and  external  parts.  The 
ovaries  may  be  wanting  or  may  remain  rudimentary.  The  uterus  may 
be  wanting,  and  with  it  the  Fallopian  tubes  ;  or  it  may  be  quite  rudi- 
mentary (Fig.  674),  presenting  perhaps  a  solid  rudiment,  or  merely  two 
diverging  horns.  With  this  the  vagina  is  often  defective.  Then  the 
uterus  may  retain  in  the  adult  the  fcetal  or  infantile  form.  Again,  the 
uterus  or  vagina  may  be  imperforate,  or  the  hymen  imperforate.  There 
are  also  various  defects  of  the  external  organs,  as  absence  of  the  vulva, 
the  vagina  and  urethra  opening  by  a  small  aperture  in  the  region  which 
the  vulva  should  occupy.  The  hymen  may  be  absent,  or  it  may  present 
fimbriated  processes  sometimes  so  large  as  to  project  externally. 

The  Uterus  unicornis  occurs  when  one  MiiUer's  duct  is  ill-developed. 
The  uterus  is  a  long  thin  structure  which  curves  to  one  side,  while  the 
other  horn  is  absent  or  rudimentary  (Fig.  675). 
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2.  Duplicity  of  uterus  and  vag-ina.— The  ducts  of  Miiller  in  the 
embryo  are  destined  to  form  the  vagina,  uterus,  and  Fallopian  tubes,  and 
they  are  at  first  double  from  end  to  end.  The  fusion  of  the  ducts 
occurs  first  at  their  lower  extremities  so  that  the  vagina  and  lower 


Fig.  674.-Rudimeutary  uterus.    (Grailv  Hewitt  from  Kussmaul.) 


part  of  the  uterus  early  form  a  single  canal.  Up  to  the  end  of  the 
third  month,  however,  the  uterus  possesses  two  horns,  the  subsequent 
fusion  proceeding  from  below  upwards.    In  many  animals  this  bilateral 


bla^^o^ccuiMeX^a^^^^^^  beMnd.  and  the  distended 

cave  remained  separate,  so  that  from  the  fimbriated  ei- 
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tremities  of  the  tubes  to  the  external  orifice  of  the  vagina  there  are  two 
separate  canals.  The  canals  may  be  partially  adherent  externally,  but 
their  walls  have  not  coalesced  and  they  appear  externally  as  two 
separate  tubes.  This  malformation  does  not  occur  except  with  other 
deformities,  most  frequently  with  extensive  fission  of  the  abdomen,  and 
the  foetus  does  not  survive. 


Fig.  676. -Uterus  duplex  bicornis.   The  cavities  are  opened  f>X^h!^mltoJeTe*''t'eu 
Museum  of  Western  Infirmary,  Glasgow.) 

(b)  Uterus  duplex  hicornis  (also  uterus  duplex).— In  this,  which  is  not 
an  uncommon  form,  there  is  externally  one  vagina,  which  may  or  may 
not  be  divided  by  a  septum,  but  there  are  two  uteri  which  may, 
however,  be  united  externally  in  their  lower  parts.  Each  uterus  has  a 
distinct  cervix  and  os,  and  each  is  capable  of  utero-gestation.  Even  m 
cases  where  the  bodies  are  completely  separated  (as  m  Fig.  6/6)  tbe 
unimpregnated  uterus  enlarges  with  the  other. 

In  the  case  of  which  Fig.  676  is  an  illustration  death  occurred  a  fortnight  after 
in  tlie  case  oi  wuio       e  „iniost  eaually  so,  the  one  which  had 

delivery.    Both  organs  were  enlarged  and  almost  equai  y  , 
borne  the  f<.tuB  measuring  4i  inches  from  os  to  fundus  and  the  other  4^.  There 
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had  been  a  previous  pregnancy,  and  this  hadprobably  been  in  the  uterus  which  had  not 
borne  the  fojtus  on  this  occasion.  This  was  inferred  from  the  fact  that  this  uterus 
had  adhesions  around  it  and  a  hasmatocele  on  its  posterior  wall. 

(c)  Uterus  septus.— In  this  the  parts  appear  single  externally,  but  the 
cavity  of  the  uterus  is  divided  by  a  septum  which  may  or  may  not  be 
continued  into  the  vagina. 

{d)  Uterus  Mcornis.— There  is  one  cavity  in  the  lower  part  of  the 
uterus,  but  at  the  fundus  the  parts  diverge.  In  some  cases  there  is  a 
mere  depression  in  the  middle  of  the  fundus,  so  as  to  give  the  organ 
somewhat  of  a  heart  shape,  in  which  case  the  term  uterus  arcuatus  is 
used,  from  the  bowed  or  bent  character  of  the  outline. 

(e)  Uterus  subseptus  is  a  form  in  which  the  uterus,  externally  single, 
is  partially  divided  within  by  a  septum. 

literature.-KtisssiATji,,  Mangel,  Verkiimmerung  und  Verdoppelung  der  Gebar- 
J;^^'^^'  Billroth's  Handb.  der  Frauenkrank.,  vol.  i.,  part  2, 


III.— DISPLACEMENTS  OF  THE  UTERUS. 
The  arrangements  by  which  the  uterus  is  supported  are  of  importance 
to  the  understanding  of  the  displacements  of  the  organ.  In  the  vir-in 
the  vagina  forms  a  tolerably  solid  column,  on  the  summit  of  which  the 
uterus  IS  supported  and  so  prevented  from  descending.  The  vagina  is 
also  attached,  by  means  of  the  pelvic  fascia,  to  the  bladder  in  front  and 
the  peritoneum  behind.  The  uterus  is  further  supported  by  its  ligaments, 
and  these,  especia  ly  the  round  ligament,  assist  in  preventing  its  descent, 
although  not  so  directly  as  the  vagina.    As  ligaments  pass  off  from  it 

other.  While  capable  of  very  limited  movement  from  above  downwards 
and  from  side  to  side,  the  body  of  the  uterus  is  very  movable  wlSin 
Ml  IeT''  ^^^^,r"^b^^k--ds.  When  the  bladd'erandtlm  : 

re^^^^^^^^^  and  a  certain  amount  of  anteversion  may  be 

regarded  as  the  normal  condition  with  an  empty  bladder. 

is  owe  eTtt  mot'";'  ^^^^^^  ^^-s 

lowerea  tor  the  most  part  as  a  result  of  the  loosenine  of  the  i^H.oh 

of  the  positCnr.^"   I  I^^^^ent  is  applied  to  a  mere  lowering 

the  V  gC  r^^^^^      ""'T'  P-l-P-  -plies  a  protrusion  intf 

outsidf  thVvuK  n"      p"  "^'^^  P--t« 

weight  of  the  0  Itself    t  'r'"  "  ^^P^^^'"    ^^^^^  ^ 

it  dLnwards  .  1  -^I "^^^^  ^^^^^"^  dragging 

MS.    As  pregnancy,  with  its  various  circumstances,  often 
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tends  to  loosen  the  attachments  of  the  uterus,  prolapse  is  chiefly  met 
with  in  Avomen  who  have  borne  children.  The  alteration  in  position 
may  be  produced  suddenly  by  increased  intra-abdominal  pressure,  as  in 
raising  a  heavy  weight. 

The  vagina  must  be  inverted  in  proportion  to  the  falling-down  of  the 
uterus,  and  in  cases  where  it  is  completely  procident  the  vagina  will 
form  an  external  covering  continuous  with  the  skin  around.  As  the 
uterus  descends  it  is  held  more  by  its  posterior  than  by  its  anterior 
attachments,  and  there  is  accordingly  a  certain  amount  of  retroversion 
along  with  the  prolapse. 

The  mucous  membrane  of  the  uterus  is  mostly  in  a  state  of  catarrh 
in  prolapse,  with  a  profuse  mucous  discharge,  and  the  organ  itself  is 
enlarged  (see  further  on).  The  mucous  membrane  of  the  inverted 
vagina  is  thickened,  and  its  epithelium,  where  exposed,  acquires  char- 
acters like  those  of  the  epidermis. 

2.  Prolapse  of  the  vagina.— This  occurs  mostly  in  consequence  of 
pregnancy,  and  seems  to  be  caused  by  the  walls  remaining  hyper- 
trophied  when  they  ought  to  undergo  the  regular  involution.  The 
thickened  and  loose  vagina  is  thrown  into  folds,  and  these  may  project 
outside  the  vulva.  The  prolapse  is  mostly  of  the  anterior  wall,  and 
the  urinary  bladder  is  not  infrequently  dragged  downwards  with  it, 
forming  a  Hernia  vesicae  or  Cystocele.  Much  less  common  is  pro- 
trusion of  the  rectum  or  Rectocele. 

3.  Inversion  of  the  uterus.— This  is  of  very  rare  occurrence.  The 
uterus,  which  is  generally  somewhat  enlarged,  is  turned  inside  out, 
either 'by  its  own  contraction  or  by  the  exercise  of  traction  on  its 
fundus  These  conditions  are  best  fulfilled  during  or  after  parturition, 
especially  when  the  umbilical  cord  is  pulled  on  while  the  placenta  is 
adherent  It  may  also  occur  in  connection  with  a  tumour  growing 
inside  the  uterus  and  attached  to  its  internal  wall.  The  inverted  uterus 
proiects  from  the  vulva  as  a  bleeding  mass,  the  haemorrhage  being 
frequently  so  severe  as  rapidly  to  cause  death.  If  the  patient  survive 
and  the  organ  is  not  restored,  inflammation  results,  and  the  uterus 
acquires  attachments  in  its  new  situation.  ,    ,  e 

4  Flexions  and  Versions  of  the  uterus.-Flexion  is  the  bending  of 
the  uterus  on  itself,  while  version  is  the  displacement  of  the  entire 
orean  forwards  or  backwards. 

In  flexions  the  bend  takes  place  at  a  level  corresponding  with  the  os 
internum,  so  that  the  cervix  is  in  one  plane  and  the  body  o  the  uterus 
in  another.  The  reason  of  this  is  that  the  uterus  is  specially  fixed  at 
thit  level  by  its  peritoneal  attachments,  the  body  of  the  uterus  being 
fpecially  mova^^^^^    Flexions  are  often  the  result  of  adhesions  due  to 
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perimetritis,  these  adhesions  dragging  the  organ  backwards  or  forwards, 
and  tending  to  fix  it.  Abnormal  looseness  of  the  organ,  especially  after 
delivery,  renders  it  more  liable  to  bend.  When  the  flexion  has  become 
habitual  there  is  apt  to  be  atrophy  in  the  concavity.  The  flexions  are 
divisible  into  the  two  forms — Anteflexion  and  Retroflexion. 

In  versions  the  uterus  lies  more  horizontally  than  usual,  the  os 
projecting  in  one  direction  and  the  fundus  in  the  opposite.  They 
occur  from  similar  causes  to  those  which  produce  flexions.  They  are 
similarly  divided  into  Anteversions  and  Retroversions. 

These  flexions  and  versions  sometimes  produce  serious  results  in  the 
uterus  itself.  It  has  been  mentioned  above  that,  in  the  concavity  of 
the  bend,  the  uterine  tissue  frequently  wastes  and  becomes  less  able  to 
retain  the  uterus  in  the  upright  position.  Then  the  bend,  if  at  all 
sharp,  compresses  the  vessels,  and  may  lead  to  a  chronic  congestion,  by 
and  by  resulting  in  hypertrophy.  Further,  the  curve  may  obstruct  the 
canal  of  the  cervix,  thus  leading  to  dysmenorrhcea.  The  flexions  and 
versions  not  infrequently  predispose  to  prolapse.  Again,  the  fundus  of 
the  uterus  projected  backwards  is  apt  to  irritate  the  rectum  and  so 
induce  repeated  straining  efforts  which  tend  to  force  the  uterus  down. 

5.  Other  displacements.— The  uterus  is  liable  to  various  other  dis- 
placements, which,  however,  mostly  stand  in  a  different  position  to 
those  given  above.  There  is  elevation  or  displacement  upwards  by  the 
dragging  of  structures  adherent  to  the  organ,  or  by  the  pressure  from 
below  of  tumours  or  collections  of  fluid  in  the  pelvis.  It  is  also  subject 
to  all  sorts  of  deviations  when  involved  in  tumours  and  inflammations 
01  the  pelvic  organs. 


IV. -THROMBOSIS  AND  HEMORRHAGES. 
1.  Thrombosis  of  the  uterine  veins.-This  is  an  occasional  result  of 
he  puerperal  state,  but  sometimes  it  occurs  as  a  result  of  tumours  of 
the  uterus,  and  even  in  affections  of  the  neighbouring  parts     The  re 
suiting  condition  is  expressed  by  the  clinical  term  Phle^asia  do  en 
In  the  puerperal  form  the  starting-point  of  the  thrombosis  7s  the 
plac  ntal  surface  of  the  uterus,  and  it  is  most  apt  to  occu  when 

-  left  wS 

gaping  mouths     It  may  be  a  question  whether  the  introduction  of 

7Zu"7'  1'  aCen:r  f  the 

f  Is  to  do  aU  nT    r  J'  P""""^"^  d^^bted  whether  this 

the  uterus    he  th      ^     "'"^ °'  ^^^^^S  ^ 

tne  uterus,  the  thrombosis  readilv  extends  tn  ih^  ■^■         •  , 

onwards  to  the  femoral  and  its  bran'lhes  '""^ 
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The  result  is  often  an  extensive  thrombosis  of  the  veins  of  the 
legs,  generally  beginning  in  those  of  the  left  side.  There  is  usually  a 
hard  brawny  cedema  of  the  whole  lower  extremity. 

Thrombosis  here,  as  elsewhere,  produces  a  chronic  inflammation  in 
and  around  the  wall  of  the  vein  {Phlebitis  and  Periphlebitis),  so  that 
there  is  often  considerable  adhesion  of  the  vein  to  its  sheath  and  of 
the  sheath  to  the  parts  around.  The  lymphatic  vessels  may  be 
affected  by  this  adhesion  and  partially  obstructed.  In  some  cases  the 
thrombi  become  calcified,  and  phleboliths  result  (see  Fig.  382, 
p.  583). 

2.  Haemorrhages  in  and  around  the  uterus. — Hsemorrhage  is  a 
normal  occurrence  in  menstruation  and  parturition,  but  it  may  assume 
pathological  characters  when  in  excess  or  when  the  blood  is  unduly 
retained. 

(a)  Menorrhagia  is  excessive  haemorrhage  at  a  menstrual  period.  It 
is  induced  by  various  constitutional  conditions,  but  also  by  local  lesions 
of  the  uterus,  more  especially  tumours.  Tumours  of  the  uterus  also 
frequently  induce  haemorrhages  apart  from  the  menstrual  periods. 

(6)  Dysmenorrhoea  membranacea  is  a  condition  in  which  mem- 
branous structures  are  evacuated  by  the  uterus  along  with  the  blood 
in  menstruation.  These  sometimes  form  a  complete  cast  of  the  interior 
of  the  uterus,  but  more  usually  they  are  in  smaller  pieces.  The  mem- 
brane is  variovisly  composed  in  different  cases.  Sometimes  it  is  no 
more  than  condensed  blood-clot  or  fibrine,  perhaps  in  some  cases  left 
over  from  a  previous  menstruation.  In  other  cases,  however,  it  is 
composed  of  the  mucous  membrane  of  the  uterus.  It  is  chiefly  the 
superficial  layers  consisting  of  epithelium  which  are  exfoliated,  but  the 
uterine  glands  may  be  present  in  the  membrane,  and  even  the  sub- 
mucous tissue. 

This  condition  is  usually  regarded  as  due  to  an  inflammation  of  the 
uterine  mucous  membrane,  to  which  the  name  endometritis  exfoliativa 
has  been  given,  but  this  view  is  not  universally  accepted.  There  is  no 
doubt  some  inflammation,  as  the  membrane  contains  round  cells. 

(c)  Placental  polypus  of  the  uterus  is  of  some  importance,  as  it  may 
resemble  a  tumour.  It  consists  of  a  polypoid  mass  of  blood-clot 
attached  to  the  internal  surface  of  the  uterus  and  hanging  into  its 
cavity,  or  even  projecting  into  the  vagina.  It  is  sometimes  called  the 
Fibrinous  uterine  polypus.  The  whole  placenta  may  be  retained  as  m 
Fig.  677,  or  it  may  be  only  a  portion.  On  the  other  hand,  the  rough 
surface  after  removal  of  the  placenta  may  induce  coagulation  of  blood, 
which  if  retained  may  grow  by  fresh  coagulation.  The  polypus  is 
usually  associated  with  hfemorrhage  throughout  its  course.    The  blood 
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mostly  escapes  into  the  vagina,  but  some  of  it  may  coagulate  and 
increase  the  size  of  the  polypus. 

(d)  Pelvic  haBmatocele.— This  name  expresses  an  accumulation  of 
blood  in  the  neighbourhood  of  the  uterus.  Twoforms  have  been  described 
according  as  the  blood  is  in  the  peritoneal  cavity  or  beneath  the  peri- 


placenta  ;  ,  stratified  coagula  arou^f^u'l  Jl^llenL^'Xtirai  sl^n^.^^^^^j 

formTelvifh^'^'r^r'  '^^"^^'^^^^^^^^  ^«  to  call  the  intra-peritoneal 
Intfa  :  it":  T  extra-peritoneal  form  Pelvic  hLatoma. 

T,  hematocele  is  much  more  serious  than  the  other 

ptroTareioi^'^"^'"^^^^  ^^^^^^^^^^ 

0  the  b  duHn  '"'T"^'  regurgitation 
regular  outflow        ^^"^^"^-t'on  ^hen  there  is  obstruction  to  the 

The  blood,  whatever  its  source,  accumulates  chiefly  behind  the  uterus 
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in  Douglas's  pouch.  Acting  here  as  a  foreign  body  it  sets  up  a  chronic 
inflammation  with  the  usual  results  of  new-formation  of  connective 
tissue  which  surrounds  and  causes  partial  absorption  of  the  blood. 
There  may  be  thus  considerable  perimetritis  brought  about.  In  some 
cases  suppuration  ensues,  and  an  abscess  is  formed,  chiefly  where  a 
foetus  is  present  from  rupture  in  ectopic  pregnancy. 

Extra-peritoneal  hsBmatocele  or  hsematoma  also  originates  from 
rupture  of  the  cyst  in  ectopic  pregnancy,  but  it  occurs  also  not  infre- 
quently as  a  kind  of  vicarious  menstruation,  and  may  arise  in  other 
ways.  The  blood  mostly  accumulates  in  the  broad  ligament,  which  it 
may  distend  into  a  bulky  tumour.  It  may  also  pass  around  the  uterus 
and  rectum,  sometimes  obstructing  the  latter.  The  accumulated  blood 
usually  undergoes  absorption,  but  it  may  leave  thickenings  and  adhesions 
behind. 

Literature. — Beentjtz,  Clin,  memoirs  on  dis.  of  women  (Syd.  Soc.  transl.),  1866; 
GussEEOw,  in  .Volkmann's  Sammlung,  No.  81;  Fbiedlandee,  Phys.-anat.  Unter- 
such.  liber  den  Uterus,  1870;  Leopold,  Die  Uterusschleimhaut  wahrend  Menstru- 
ation, etc.,  1878 ;  Bandl,  in  Billroth's  Handb.  d.  Frauenkrankh.,  v. ;  Lawson  Tait, 
Ectopic  pregnancy  and  pelvic  hematocele,  1888 ;  Zieglee's  Lehrbuch,  latest 
edition. 


v.— ATROPHY,  HYPERTROPHY,  AND  DILATATION  OF  THE  UTERUS. 

1.  Atrophy. — The  uterus  may  retain  in  adult  life  the  undeveloped 
condition  of  that  of  the  child.  There  may  be  on  the  other  hand,  a 
premature  atrophy,  in  some  cases  ascribed  to  long-continued  catarrh, 
frequent  pregnancies,  pressure  of  tumours,  etc.,  in  which  the  organ 
anticipates  the  normal  senile  involution. 

2.  Hypertrophy. — This  sometimes  occurs  as  a  result  of  imperfect 
involution  after  the  physiological  enlargement  of  pregnancy,  and  in  this 
case  the  increase  in  size  is  from  excess  in  the  muscular  substance  mainly. 
Hypertrophy  of  a  similar  kind  occurs  from  the  presence  of  tumours  in 
the  wall  of  the  uterus.  There  may  be  hypertrophy  from  congestion  and 
chronic  inflammation,  however  caused. 

A  special  Hypertrophy  of  the  cervix  has  been  observed  in  many 
cases.  It  occurs  as  a  result  of  imperfect  involution  after  pregnancy, 
but  also  as  a  consequence  of  prolapse  of  the  vagina,  the  cervix  being 
dragged  down  and  greatly  elongated.  With  very  little  descent  of  the 
uterus  the  cervix  may  be  so  elongated  as  to  present  externally. 

3.  Dilatation  of  the  cavity.— This  occurs  in  consequence  of  the 
retention  and  accumulation  of  material  in  the  uterus.  It  results, 
therefore  from  Obstruction  of  the  vagina  or  of  one  of  the  orifices  of 
the  uterus    There  may  be  imperforate  hymen  or  congenital  closure  of 
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the  external  or  internal  os  (generally  the  external).  When  the  period 
of  puberty  is  reached  and  menstruation  begins,  the  blood  accumulates 
in  the  uterus  and  there  may  be  enormous  distension,  the  contents 
having  a  tarry  or  pulpy  character.  This  condition  is  designated 
Hsematometra.  The  uterus  may  assume  the  size  of  the  pregnant  organ, 
and  there  is  thickening  of  its  walls,  which,  however,  are  loose.  If 
escape  is  not  provided  artificially  the  uterus  may  actually  rupture  ;  not 
usually  into  the  peritoneum,  but,  after  the  formation  of  adhesions,  into 
some  neighbouring  organ.  The  rupture  is  by  a  process  of  ulceration 
from  mthin,  unless  external  violence  bursts  the  distended  or^an. 

There  may  be  an  acquired  Obstruction  of  the  os  uteri  as  from  chronic 
catarrh,  or  even  from  inflammation  occurring  after  delivery.  Cancer, 
as  we  shall  see,  is  a  common  cause.  In  such  cases  also  we  may  have 
a  hagmatometra  from  accumulation  of  menstrual  blood.  It  is  more 
common,  however,  to  have  such  closure  after  menstruation  has  per- 
manently ceased,  and  in  that  case  a  catarrhal  secretion  may  accumulate 
and  distend  the  uterus.  After  a  time  the  contents,  which  are  at  first 
mucous  in  character,  become  serous,  and  the  condition  called  Hydrometra 
is  brought  about. 

Pyometra  is  the  name  given  to  the  condition  when  the  fluid  is 
purulent.  This  is  sometimes  met  with  when  a  cancer  obstructs  the 
canal. 

The  organ  is  sometimes  distended  with  Gas,  a  condition  designated 
Physometra.  This  may  be  the  result  of  decomposition  of  the  accumu- 
lated fluid  in  hydrometra,  or  from  decomposition  of  retained  clots,  etc. ; 
but  cases  have  occurred  in  which  the  cavity  has  been  dilated  with  gas 
and  assumed  considerable  proportions  without  apparent  cause. 

VI. -INFLAMMATIONS  OF  THE  UTERUS  AND  ITS  APPENDAGES. 
These  are  somewhat  various,  and  they  are  differently  named  accord- 
ing to  the  locality  specially  affected.  We  have  thus  to  consider 
Endometntzs  Metritis,  Salpingitis,  Perimetritis,  Parametritis  and 
Oophoritis.  The  condition  of  the  uterus  and  vagina  after  delivery  lays 
these  structures  open  to  the  occurrence  of  septic  inflammations,  and 
many  of  the  conditions  mentioned  have  this  origin 

tions  ^.f.r"''*^^''  °^       uterus.-These  are  divided  into  inflamma- 
tions of  the  mucous  membrane  and  of  the  muscular  substance. 

th    ut!nfr'w  "      inflammation  of  the  mucous  lining  of 

X  enstn  of  inflammation  set  up  by^he 

leaZceo  I  Tv'"''  -Aammation  from  the  vagina,  or  in  con- 
sequence of  parturition,  or  in  the  course  of  an  acute  fever.  The 
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inflammation  may  go  on  to  suppuration  or  even  to  sloughing  of  the 
mucous  membrane  and  the  formation  of  ulcers.  Casts  of  the  uterus 
resembling  those  met  with  in  membranous  dysmenorrhoea  are  some- 
times seen  <Fig.  678).  It  is  apt  to  extend  from  the  uterus  to  the 
Fallopian  tube,  broad  ligament,  etc.  (see  further  on). 

Chronic  endometritis  or  chronic  catarrh  is  a  very  frequent  disease, 
and,  as  a  whitish  discharge  is  a  characteristic  feature,  the  condition  is 
often  called  Leucorrhoea.    Apart  from  the  excessive  secretion  the 

mucous  membrane  is  apt  to  become 
thickened,  and  it  may  be  thrown  into 
folds  or  give  origin  to  Mucous  polypi 
and  Cysts.  The  cervix  especially  is 
often  thickened,  and  the  os  may  pre- 
sent ulcerations.  During  pregnancy 
inflammations  sometimes  arise,  giving 
occasion  to  abortions,  adhesions  of  the 
placenta,  and  other  lesions.  The 
catarrh  may  also  have  its  origin  in  a 
tumour,  a  flexion  or  a  version  of  the 
uterus. 

(b)  Metritis. — This  name  is  given , 
to  inflammation  of  the  muscular  sub- 
stance of  the  uterus.  Acute  inflam- 
mation, even  with  infiltration  of  the 
muscular  substance  with  blood,  may 
follow  gonorrhoea. 

We  have  also  frequently  a  Chronic 
inflammation  leading  to  Induration, 

Fig.  ()7S. — i'ibriuoua  cast  of  uterus.  .  p  ^.i 

it  may  be  with  enlargement  oi  the 
uterus.  This  is  frequently  brought  about  by  Imperfect  involution 
of  the  uterus  after  parturition,  but  also  results  from  the  various  causes 
which  bring  about  endometritis.  The  condition  consists  in  a  new- 
formation  of  connective  tissue,  and  from  its  correspondence  with 
interstitial  inflammation  in  the  liver  and  elsewhere  it  is  sometimes 
called  Cirrhosis,  especially  when  there  is  great  induration. 

2.  Inflammations  around  the  uterus.— The  structures  in  the  neigh- 
bourhood of  the  uterus  are  very  frequently  the  seat  of  inflammation. 
This  occurs  by  extension  of  inflammation  from  the  uterus  itself,  chiefly 
in  cases  of  Gonorrhoea!  or  Puerperal  endometritis. 

The  extension  of  the  inflammation  occurs  by  two  different  paths. 
The  most  frequent  is  by  the  Fallopian  tubes,  producing  in  the  first 
instance  an  inflammation  of  them  (Salpingitis),  and  then  passing  on  to 
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the  pelvic  peritoneum  and  ovaries,  producing  a  Perimetritis.  The  other 
mode  of  extension  is  to  the  subperitoneal  tissue,  and  the  result  is  an 
inflammation  in  the  loose  tissue  of  the  pelvis,  a  Pelvic  cellulitis  or  Para- 
metritis. It  may  be  said  that  the  one  mode  of  extension  usually  involves 
a  salpingitis  and  perimetritis,  sometimes  with  oophoritis,  and  the  other 
a  parametritis. 

(«)  Salpingitis  is  an  inflammation  of  the  Fallopian  tube,  and  it  varies 
in  character  and  intensity.  There  may  be  a  simple  catarrh  extending 
from  the  uterine  mucous  membrane,  or  an  acute  septic  or  gonorrhoeal 
inflammation. 

A  frequent  result  of  salpingitis  is  Adhesion  and  Occlusion  of  the 
tube.  The  fimbriated  extremity  is  frequently  attached  to  the  ovary 
or  to  a  neighbouring  peritoneal  surface,  thfs  attachment  being  by 
connective  tissue  in  the  usual  fashion  of  inflammations.  The  tube 
is  also  frequently  distorted  greatly  by  the  adhesions,  doubled  on 
Itself,  or  otherwise  altered  in  position.  The  uterine  orifice  of  the 
tube  is  so  small  that  when  the  fimbriated  extremity  is  occluded  the 
tube  is  virtually  closed,  and  the  inflammation  may  completely  occlude 
the  uterine  orifice  as  well. 

In  this  case  the  tube  frequently  becomes  Distended  with  various 
contents,  and  names  are  applied  according  to  the  diff-erent  character  of 
the  contents.  In  simple  inflammations  a  watery  or  serous  fluid  may 
collect,  the  result  being  a  Hydrosalpinx.  In  more  acute  cases  pus  dis 
tends  the  tube,  Pyosalpinx,  or  blood  may  be  extravasated.  Hematosal- 
pinx. The  dilatation  of  the  tubes  is  sometimes  very  great,  so  that  a 
considerable  cystic  cavity  may  result. 

(&)  Pelvic  peritonitis  or  Perimetritis  is  an  exceedingly  frequent 
lesion.  It  may  follow  on  salpingitis,  but  the  irritant  may  reach  the 
peritoneum  by  the  tube  without  the  latter  being  inflamed.  It  is 
probable  also  that  inflammation  may  extend  from  the  uterine  wall  to 
the  peritoneum. 

The  inflammation  is  usually  septic,  and  is  sometimes  acute,  so  as  to 
be  suppurative,  in  which  case  it  may  extend  to  the  general  peritoneum 
But  even  when  acute  it  may  be  limited  by  adhesions,  and  abscessT. 
may  form  which  remain  confined  to  the  pelvis.    Saci  abscesses  are 
sometimes  so  mixed  up  with  adhesions  that  it  may  be  diffi  u  to 
tinguish  whether  they  are  in  the  peritoneum  or  outside  it  Tte™ 

L-aronic  i-enmetntis  is  characterized  by  the  formnfinn  r^f  A^i,  • 
and  membranous  new-formations  around  the  ute  us  Th 
frequent  behind  the  uterus,  uniting  it  to  ti  e  Tectum     tZ  7 
are  frequently  drawn  out  \n       t  f  adhesions 
y  arawn  out  so  as  to  form  long  attachments  between 
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the  parts.  Displacements  of  the  uterus  and  abnormal  fixations  are 
frequent  results  of  such  adhesions. 

The  complete  picture  of  perimetritis  is  that  in  which  the  uterus  is 
buried  in  adhesions  which  abolish  the  pouch  of  Douglas  behind,  and 
completely  mat  together  the  broad  ligament,  tube,  and  ovary,  so  that 
the  two  latter  structures  are  often  indistinguishable.  The  tube  may  be 
dilated  in  the  manner  mentioned  above. 

(c)  Oophoritis,  or  inflammation  of  the  ovary,  mostly  occurs  in 
connection  with  perimetritis.  Acute  oophoritis  is  usually  a  sequel 
of  the  puerperal  state.  A  septic  perimetritis  accompanied  by  pelvic 
abscess  may  be  associated  with  abscesses  in  the  ovaries.  The  pus  at 
first  forms  in  elongated  streaks  from  the  hilum  to  the  periphery, 
but  after  a  time  there  are  more  distinct  abscesses.  The  Graafian 
vesicles  also  frequently  become  filled  with  pus.  The  affected  ovary 
is  surrounded  by  adhesions,  and  it  is  frequently  diflficult  to  dissect  out 
the  organ. 

Chronic  oophoritis  also  occurs  in  connection  with  perimetritis,  but 
it  has  sometimes  a  more  independent  origin.  As  the  ovary  is  liable 
at  the  menstrual  periods  to  great  vascular  disturbance,  we  may  have, 
from  checking  of  menstruation  and  otherwise,  a  chronic  inflammation 
set  up. 

The  condition  has  the  characters  of  interstitial  inflammation,  and 
is  comparable  to  cirrhosis  of  the  liver  or  kidney,  being,  like  these, 
accompanied  by  shrinking  of  the  organ.  The  capsule  is  thickened, 
and  the  contracting  tissue  in  the  organ  produces  irregular  depressions 
of  the  surface.  The  thickening  is  often  peculiarly  manifest  around 
the  Graafian  vesicles,  and  this,  with  the  thickening  of  the  capsule, 
may  prevent  the  vesicles  bursting.  Sometimes  a  ripe  vesicle,  instead 
of  bursting  externally,  ruptures  into  the  substance  of  the  ovary,  and 
so  produces  further  inflammatory  disturbance.  With  these  changes 
in  the  ovary  itself  there  is  usually  adhesion  of  the  capsule  to  the 
parts  around,  the  chronic  inflammation  causing  the  formation  of 
vascular  connective  tissue  which  unites  opposed  surfaces.  In  this 
way  there  may  be  displacements  of  the  ovaries. 

If  the  Graafian  vesicles  are  prevented  from  bursting,  the  fluid  which 
naturally  exists  in  them  may  become  augmented,  and  the  vesicles  thus 
be  converted  into  Cysts  (Fig.  679).  A  limited  number  of  small  cysts 
may  thus  be  formed,  and  it  is  not  impossible  that  cysts  havnag  this 
origin  may  grow  to  some  size,  having  always  the  character  of  simple 
cysts  with  serous  contents.  It  is  to  be  rememberd  that  in  old  age  the 
ovaries  are  often  shrunk  and  the  capsule  thickened,  but  this  is  not  to 
be  set  down  as  the  result  of  chronic  inflammation. 
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(d)  Pelvic  cellulitis  or  Parametritis.— This  consists  in  a  subacute 
inflammation  of  the  pelvic  connective  tissue  generally  occurring  after 
delivery,  but  also  sometimes  as  a  result  of  operations  on  the  uterus, 
the  introduction  of  pessaries  or  the  uterine  sound,  etc.    The  inflam- 
mation is  no  doubt  septic,  being  in  this  respect  comparable  with 
erysipelas  and  phlegmonous  inflammations  generally.  The  inflammation 
extends  from  the  uterus,  finding  its  way  apparently  by  the  lymphatic 
spaces.    There  are  the  usual  results  of  in- 
flammation, but  the  exudation  is  here  the 
most  important.    The  spaces  of  the  con- 
nective tissue  become  filled  up  with  a  sero- 
purulent  exudation  which  may  be  partly 
fibrinous.     There  is  in  this  way  a  great 
tumefaction   of   the   subperitoneal  tissue, 
especially  of  the  broad  ligament,  but  also  of 
that  in  front  of  and  behind  the  uterus  and  e^n.-Cystic  fonaation  in 

:^  1    •  1    ,        ^,  ovary  from  dilatation  of  Graafian 

m  tne  pelvis  as  a  whole.   The  uterus  is  thus     vesicles.  (Vibohow.) 

as  it  were,  fixed  in  the  midst  of  tumefied  connective  tissue,  which  may' 

be  felt  as  a  firm  swelling  on  examination  per  vaginam. 

Suppuration  often  ensues,  but  it  may  do  so  very  gradually,  so 
that  It  may  be  long  after  parturition  before  it  occurs.  The  pus  some- 
times extends  a  considerable  distance  from  the  neighbourhood  of  the 
uterus.  The  inflammation  may  extend  and  the  suppuration  follow  into 
the  ihac  or  even  into  the  lumbar  region.  The  abscesses  which  result 
open  m  very  various  localities,  into  the  vagina,  the  rectum,  or  the 
bladder,  or  at  the  surface  in  the  iliac  or  inguinal  region.  n  these 
atter  cases  the  condition  may  simulate  lumbar  abscess,'and  mistake 
the  more  likely  as  the  suppuration  has  perhaps  occurred  long  after  the 
originating  cause.  The  pus  discharged  has  usually  the  chara ct  s  of 
bavmg  been  ong  retained,  the  corpuscles  are  largely  fatty  and  there 
rr"^  a  f.cal  odour  due  to  the  proximity  of  tL  abLss  to  th 


^^^^^:-~^':^Z!Z^'"  T'''  ''''  '''''''  definite  naoi-bid  condi- 
in  wMeh  acute  ^eb^  otr^^^ert^S 

quasi-epidemic  form  and  is  commnn,V«hi  ^^ct  that  the  disease  occurs  in  a 

microbe,  but  it  is  prob^bl  thaTZ  A.  """"""  ^'^'^  *°  ^  ^Pe«fic 

as  that  of  erysipefas  mt  ndLe  ft     T.'  ^^^^^^^^^  -eh 

the  n.ode  of 'xLsi;n  tT  h   g  n ll  ^^uTal"'  inflammation  and 

stated  above  in  regard  to  Jr;I  T  r      'l''^"^^''"^  ^^^^T,  but  much  that  has  been 
There  is,  to  begin  ^  tJ   ln       r       P^'^^'-^*"^'^  ^PP^es  here. 

membrane,'usualine  om^a^ied'bTsr' V  °^  --o- 

seat  there  is  an  extensTo?in  the  In  v  '^'^'V^PP"™"--  this  local 

sion,  in  the  manner  indicated  above,  by  the  Fallopian  tubes 
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or  by  the  subperitoneal  tissue.  In  the  former  ease  a  General  septic  peritonitis 
results.  The  septic  poison  is  absorbed,  and  we  have  the  regular  fever  of  septicajmia. 
In  the  other  case  a  Septic  thrombo-phlebitls  may  occur,  and  we  have  the  pheno- 
mena of  Pyaemia  with  metastatic  abscesses,  and  septicajmia. 

Literature.— Bernutz,  loc.  cit. ;  Matthews  Duncan,  Prac.  treatise  on  perimetritis 
and  parametritis,  1868;  Virchow,  Ges.  Abhandl.,  1856;  Winckel,  Dis.  of  women 
(transl.),  1887;  Bandl,  Haudb.  der  Frauenkr.,  ii.,  1886;  Heiberg,  Die  puerperalen 
und  pyajmischen  Proc,  1873;  Lawson  Tait,  Brit.  Med.  Jour.,  1887,  i.,  825  ; 
Lewers,  Obstet.  Trans.,  xxix.,  1887;  Polk  (also  discussion),  Amer.  Gynec.  Trans., 
xii.,  1887;  Hennio,  Krankh.  der  Eileiter,  1876;  Barbour,  Allbutt  and  Playfair, 
Syst.  of  Gynffic,  1896. 


VII.— EXTRA-UTERINE  OR  ECTOPIC  PREGNANCY. 

By  these  terms  is  meant  the  development  of  the  fertilized  ovum  in 
any  other  situation  than  the  normal  one  in  the  uterus. 

The  causation  is  someAvhat  obscure,  but  if  we  accept  the  views  of 
Lawson  Tait  it  usually  results  from  disease  of  the  Fallopian  tubes, 
which  by  destroying  the  ciliated  epithelium  allows  the  spermatozoa 
to  pass  up  the  tube  and  impregnate  the  ovum  before  it  reaches  the 
uterus. 

According  to  this  author  normal  impregnation  always  occurs  in  the  uterus,  as  the 
ciliated  epithelium  of  the  tubes  prevents  the  ascent  of  the  spermatozoa.  If  the 
ciliated  epithelium  be  destroyed  the  spermatozoa  may  pass  up  as  far  as  the  ovary. 

According  to  the  position  in  which  the  impregnated  ovum  settles 
various  forms  have  been  distinguished,  namely,  Tubal,  Tubo-ovarian, 
Ovarian,  and  Abdominal.  The  existence  of  an  abdominal  pregnancy, 
except  by  rupture  of  a  tubal  one,  is  denied  by  some  authorities 
(Mayrhofer,  Lawson  Tait),  and  even  ovarian  pregnancy  is  very  rare. 
Undoubtedly  tubal  pregnancy  is  by  far  the  commonest.  An  exces- 
sively rare  ectopic  pregnancy  is  that  in  which,  from  existing  perforation 
of  the  uterus  (as  from  a  previous  Caesarian  section),  the  ovum  has 
escaped  into  the  abdominal  cavity. 

Tubal  pregnancy  occurs  either  in  the  free  part  of  the  tube  or  in  the 
part  surrounded  by  the  uterine  tissue.  In  the  latter  case  the  form  is 
called  Interstitial  pregnancy. 

If  an  impregnated  ovum  settle  in  the  tube,  the  placenta,  as  it  forms, 
adheres  to  the  wall  of  the  tube  and  forms  vascular  connections.  As 
the  tube  does  not,  like  the  uterus,  enlarge  under  the  stimulus  of 
pregnancy,  the  growing  ovum  thins  its  wall,  and  rupture  may  occur 
(primary  rwpture).  This  often  takes  place  before  the  fourteenth  week. 
The  rupture  may  be  into  the  peritoneal  cavity  or  into  the  broad 
ligament.  At  the  time  of  rupture  there  is  ha3morrhage,  which  in 
the  case  of  rupture  into  the  peritoneum  is  usually  fatal.    The  ovum 
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may  be  discharged  through  the  ostium  (Tubal  abortion).  The  abortion 
may  be  complete  and  be  attended  with  slight  heemorrhage,  or  it  may 
be  incomplete  and  give  rise  to  excessive  htemorrhage. 

As  a  result  of  this  primary  rupture  the  foetus  usually  dies,  and  in 
that  case  the  conditions  are  those  of  Pelvic  hematocele,  intra- 
peritoneal or  extra-peritoneal.  In  either  case  there  may  be  subsequent 
encapsuling  or  absorption  of  the  dead  foetus  (which  will  be  very  small) 
or  there  may  ensue  a  suppuration  of  the  hsematocele.  Pelvic  hema- 
tocele, as  has  been  mentioned  above,  is  also  a  common  result  of 
incomplete  tubal  abortion. 

The  foetus  may  survive  and  the  placenta  may  acquire  fresh  con- 
nections, so  as  to  allow  of  the  completion  of  the  full  term  of  utero- 
gestation.  Before  this  occurs,  however,  especially  when  the  foetus  is 
m  the  broad  ligament,  there  may  be  a  secondary  rupture,  resulting  in 
some  cases  m  a  fatal  hemorrhage,  but  in  others  merely  in  a  fresh 
adhesion  inside  the  peritoneum. 

If  the  full  term  be  reached  the  f(Btus  dies,  and,  unless  removed  by 
operation,  remains  as  a  foreign  body.  As  a  rule  general  peritonitis 
results,  sometimes  with  the  ultimate  formation  of  an  abscess  If  the 
death  of  the  mother  does  not  occur  soon  the  abscess  may  come  to  the 
surface  and  the  foetus  may  be  discharged  piece-meal 

In  some  rare  cases  the  foetus  gives  rise  to  no  active  inflammation, 
and  after  Its  death  remains  quiescent,     The  foetus,  then   in  time 
acquires  the  characters  which  have  given  rise  to  the  d  signation 
Lithopedion.    It  becomes  surrounded  by  a  connective-tissue  capsule 
mside  which  the  mummified  fetus  may  remain  for  manyTe  r^^  e 
^sule  iisually  becomes  infiltrated  with  lime  salt,  so  that  a  kind  of 
.hell  IS  formed  around  the  fcBtus.    The  fetus  itself  may  be  partlv 
■calcified,  but  Its  soft  structures  are  often  little  altered  "^r  nar  be 
converted  into  adipocere.    Cases  are  on  record  of  a  d^Hnn  Tr/ 
extending  as  long  as  fifty  years  after  an  ec   pic  p  e'^^^^^^^^^^ 
•some  cases  normal  pregnancies  have  occurred  in  tl^  L  eCal  ^'  ' 
Cases  have  been  observed  of  molar  extra-uterine  pregnancy 

ViKCHOw,  Wurzb    VeiW     i      si  °f  ^^^^^  of  Lithop^dion) 

W.BSXEH,  Ectopic  pregnane;  1895     z  j..  ^"^^  1883 

edition.  ^  Z^^-^^^R's   Lehrbuch   (references),  latest 

VIII._SYPHILIS  AND  TUBERCULOSIS 

^^^^^^^^Tr^  ^^^^'^  '-'"^^         of  the 

in  these  situLtioT^a^peX^^^^^         "  ''''  ^^^^ 

y  Peculianties^distinguishing  it  from  chancre,  as 
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already  described.  Condylomata  of  considerable  size  also  occur  in  the 
vulva  and  vagina,  often  forming  warty  projections. 

Tuberculosis  of  the  tubes  and  uterus. — This  commonly  begins  in 
the  Fallopian  tubes.  As  the  fimbriated  extremities  open  into  the 
peritoneum  they  absorb  any  such  virus  as  that  of  tuberculosis  which 
may  be  present.  Hence  it  is  a  regular  result  of  tubercular  peritonitis 
in  the  female,  and  also  sometimes  occurs  in  tubercular  ulceration  of  the 
intestine.  It  is  stated  by  Schramm  that  it  is  met  with  in  three  per 
cent,  of  all  females  dying  of  tubercular  disease.  It  is  not  at  all 
uncommon  in  tubercular  children  (see  Fig.  680). 


Fig.  6S0.— Tuberculosis  of  the  uterus  and  FaUopian  tubes  in  a  child. 

Tuberculosis  of  the  Fallopian  tubes  begins  at  the  distal  end,  and  this 
part  is  generally  found  most  affected.  The  mucous  membrane  is 
destroyed  and  replaced  by  caseous  matter  which  accumulates  in  the 
calibre  of  the  tube.  The  wall  is  also  thickened  and  infiltrated  with 
the  tubercular  new-formation.  These  two  conditions  lead  to  a  great 
distension  of  the  tube  (Fig.  681)  so  as  to  resemble  some  of  the  con- 
ditions resulting  from  salpingitis.  The  condition  is  sometimes  called 
Tubercular  salpingitis.  This  condition  is  probably  of  great  frequency, 
and  we  believe,  from  observation,  that  a  large  proportion  of  cases  which 
are  simply  designated  salpingitis  really  belong  to  the  tubercular  form. 
There  is  not  generally  much  adhesion  to  parts  around,  but  there  may 
be  especially  when  the  condition  coincides  mth  tuberculosis  of  the 
peritoneum.  In  rare  cases  evidences  of  spontaneous  heahng  are  seen 
(Fig.  682). 
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The  tuberculosis  frequently  extends  to  the  Uterus,  where  ulcers 
form,  and  there  may  be  extensive  destruction  of  the  mucous  membrane. 


djlated      ,3  ..ta>  part,    ^.^l^l^^^-^'^  l^l\f.7^ta'^s^^^^^^^ 


Tuberculosis  of  he  Qvarir"      "'r        '''^^"^  ^^^^-d. 
form  of  caseous  malt  "  ^^ceed.ngly  rare.    Ifc  occurs  in  the 
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Literature. — Mosleb,  Tuberkulose  der  weibl.  Geschlechtsorgane,  1883;  Schramm, 
Arch.  f.  Gyniiool.,  xix.;  Steven,  Glas.  Med.  Jour.,  xix.,  1883;  Willums,  Johns 
Hopkins  Hosp.  Reports,  iii.,  Nos.  1,  2,  8,  1892;  Cullen,  ibid.,  iv.,  1895;  Pozzi, 
Treatise  on  gynaecology,  iii.,  Syd.  Soc.  Trans.,  1893;  Voiot,  Genitaltuberkulose, 
Inaug.  Diss.,  Kiel,  1896;  Meyer,  ditto,  Inaug.  Diss.,  Munchen,  1896;  Fbaenkel, 
Miinch.  med.  Wochen.,  1896;  Hofbaueb,  Arch.  f.  gyniikol.,  56,  1898;  Davidsohn 
(Vulva  and  Vagina),  Berl.  klin.  Woeh.,  1899;  Dorck  u.  Oberndorfeb,  Lubarsch 
and  Ostertag,  Ergebnisse,  vi.,  1901. 


IX.— TUMOURS  OF  THE  UTERUS  AND  VAGINA. 

1.  Mucous  polypi  and  Adenomata  of  the  Uterus.— These  are  met 
with  mainly  as  the  result  of  chronic  inflammation  of  the  mucous 
membrane,  and  may  spring  from  the  body  of  the  uterus  or  from  the 
cervix.  Sometimes  there  is  a  general  irregular  prominence  from 
hypertrophy  of  the  mucous  membrane,  but  usually  there  are  definite 
polypoid  outgrowths. 

The  mucous  polypus  may  consist  of  a  limited  hypertrophy  of  the 
mucous  membrane,  the  tumour  being  a  tolerably  firm  one  unless,  as 
sometimes  happens,  it  becomes  soft  by  oedema  or  by  the  excessive 
development  of  its  vessels.  In  this  latter  case  we  may  have  a  tumour 
approaching  to  cavernous  in  character.  On  the  other  hand,  polypi 
may  consist  largely  of  Glandular  structures,  new-formed  mucous 
gland-tissue  constituting  apparently  the  tissue  of  the  tumour.  These 
polypi  are  comparatively  soft,  and  may  grow  to  a  considerable  size, 
especially  when  they  become  Cystic.  We  have  already  seen  that 
tumours  consisting  of  glandular  tissue  are  peculiarly  apt  to  become 
cystic,  and  these  form  no  exceptions.  The  larger  polypi  may  some- 
what distend  the  uterus. 

2.  Myoma.— The  myoma  is  very  infrequent  in  the  vagina  and  in  the 
cervix  of  the  uterus,  but  is  extremely  frequent  in  the  body  of  the 
uterus.  It  occurs  in  from  10  to  20  per  cent,  of  women  beyond  20 
years  of  age,  and  in  about  40  per  cent,  of  those  above  50. 

The  myoma  presents  great  varieties  in  size,  in  number,  and  in  the 
details  of  its  structure.  There  may  be  a  single  small  tumour  about  the 
size  of  a  pea,  or  a  large  growth  weighing  more  than  fifty  pounds. 
There  are  frequently  several  tumours  present,  and  there  may  be  fifty 
attached  to  the  same  uterus.    The  tumour  is  usually  hard  and  on 

''t::^Z:^^^  -  m  regard  to  the  pro^rti^  of 

muscle,  connective  tissue,  and  vessels.    The  muscle  ^^^^^^ 
to  the  naked  oye  often  give  a  concentric  arrangement  to  th  cut  sur  ac 
(see  Fig.  685,  p.  1159).    There  is  under  the  microscope,  the  usual 
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arrangement  of  the  nuclei  in  the  muscular  bundles,  as  shown  in 
Fig.  128,  p.  300.  The  character  of  these  nuclei  and  their  arrange- 
ment are  sufficiently  distinctive  of  the  tumour. 

Connective  tissue  is  present  between  the  muscular  bundles ;  some- 
times it  is  dense  and,  by  rendering  the  tumour  compact,  gives  it  a  very 
hard  fibrous  character.  In  some  cases  the  connective  tissue  increases 
out  of  proportion  to  the  muscle  and  a  process  of  induration  akin  to 
cirrhosis  occurs. 

The  vessels  are  usually  rather  sparse  in  the  myoma,  but  sometimes 
great  dilatation  of  the  blood-vessels  occurs,  so  as  to  give  a  cavernous 


Fig.  0S3.-Cystia  myoma  of  the  broad  ligaiaent 


character  to  parts  of  the  tumour,  a  condition  indicated  by  the  name 
Myoma  tela„g,ectode,.    In  other  cases  there  is  a  dilataLn  oJ  tT 
lymphafc  vessels,  leading  to  a  condition  called  Myoma  lymphangT 

Secondary  changes  are  very  liable  to  occur  in  the  myomas  esneciallv 
a.  the  tumours  frequently  grow  to  large  dimensions  Lrar^  fab  e  „ 

Slr'f""  '-'^  Wood-vessek 

diS  lymlrtts'wf  '         "  ^""^'^  fro- 

niTomas  fnd  m  'v  ^'^^  T*". ""-^  in  the  midst  of  large 

mim.  and  Hmorrhage  are  not  uncommon,  the  latter  especially, 
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and  more  particularly  in  the  tumours  with  dilated  blood-vessels.  Sup- 
puration also  sometimes  occurs. 

Calcareous  infiltration  occurs  in  two  different  forms.  A  part  of  a 
large  tumour  may,  from  obstruction  of  vessels,  be  cut  off  from  its  blood 
supply  and  become  obsolete,  or  a  tumour  may  be  separated  as  a  whole 
and  become  calcified.  In  the  latter  case  lime  salts  may  infiltrate  it 
and  they  are  deposited  in  all  the  constituents,  the  muscle-cells,  walls 
of  the  blood-vessels,  and  connective  tissue  (see  Fig.  228,  p.  407,  which 
is  from  the  calcified  part  of  a  myoma). 

Separation  and  Transplantation  are  not  uncommon  in  the  myoma. 

The  subserous  myoma,  after  becom- 
ing pedunculated,  may  acquire  vas- 
cular connections  with  the  omentum 
or  other  part  of  the  peritoneum 
and  ultimately  become  detached 
from  the  uterus.  In  a  case  observed 
by  the  aixthor  a  tumour  seven  inches 
in  length  was  attached  to  a  very 
long  great  omentum  and  was  mov- 
able in  the  abdomen. 

The  submucous  forms  also  some- 
times become  detached,  and  may 
be  found  in  the  cavity  of  the  uterus ;  they  may  either  be  discharged 
or  retained. 

The  detached  or  transplanted  myoma  is  apt  to  undergo  calci- 
fication. 

In  a  specimen  sent  to  the  author  by  Dr.  Chapman,  of  Hereford,  and  depicted  in 
Fig.  684,  a  myoma  was  found  lying  loose  in  the  uterus.  It  had  externally  a  firm 
shell  which  had  to  be  sawn  through  in  order  to  divide  the  tumour.  The  calcifi- 
cation extended  to  intersecting  trabeculffi,  which  divided  the  tissue  into  loculi. 
In  these  loculi  soft  tissue  existed  which  had  the  microscopic  characters  of  that  of 
the  ordinary  myoma.  The  specimen  is  preserved  in  the  Museum  of  the  Western 
Infirmary,  Glasgow. 

The  myoma  originates  in  the  muscular  substance  of  the  uterus,  and 
it  may  remain  in  the  wall  or  become  displaced  outwards  or  inwards. 
Hence  there  are  three  varieties. 

(a)  The  subserous  myoma,  originating  in  the  external  layers  of  the 
uterus,  passes  outwards  as  it  grows,  and  pushes  the  peritoneal  coat 
before  it.  In  this  way  it  frequently  becomes  pedunculated.  The 
subserous  form  is  often  multiple,  and  as,  from  its  situation,  it  is  pro- 
tected, the  tumour  may  grow  for  many  years  undisturbed,  and  reach 
very  large  dimensions.    Such  large  myomas  may  be  mistaken  for 


Fig.  684. — Calcified  myoma  of  uterus  found 
lying  in  the  cavity.    Half  the  natural  size. 
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ovarian  tumours  and  excised  as  such,  and  this  is  the  more  likely  as 

cysts  not  infrequently  occur  in  them. 
(b)  The  Interstitial  or  Intraparietal  myoma  in  its  gi-owth  involves 

the  wall  of  the  uterus,  and  may  cause  enormous  enlargement  of  the 

organ  (see  Fig.  685 ;  the  actual  tumour  measured  9J  inches  in  long 

diameter).     This  form  develops 

mostly    at    the    fundus,  and 

usually  occupies   the  posterior 

wall.    The  tumour  and  greatly 

enlarged  uterus  may  form  to- 
gether a  very  bulky  mass,  which 

as  a  whole  is  liable  to  be  mis- 
taken for  an  ovarian  or  other 

tumour.    The  author  has  met 

with  several  cases  in  which  the 

tumour  and  uterus  were  excised 

under  this  belief     In  one  of 

these  the  tumours  seemed  to  be 
multiple  and  the  uterine  wall 
could  not  be  distinguished  from 
the  tumours,  the  greatly  enlarged 
cavity  of  the  uterus  being  sur- 
rounded by  irregularly  lobulated 
masses  of  muscular  tissue.  In 
this  case  it  looked  as  if  the  uterus 
as  a  whole  had  undergone  an 
irregular  hypertrophy,  or  had 
grown  into  a  massive  tumour, 
(c)  The  submucous  myoma  is 

the  form  which  most  frequently    ^  Fig.OSS    Giganticinfaparietaln.yon.aof ute™. 

comes  under  the  notice  of  the  nrdXt'utK^^^^^^^^^^ 

practitioner.    Arisino' in  the  wall    S,,  J,*  P^^'^'^ly  projected  into  the  vagina  (<.). 

f  ^  .  °  "  ^'^^  ^^^^   The  gi-eatly  dilated  cavity  of  uterus  (6)  lay  in  front 

of  the  uterus,  it  passes  inwards      """'^'"y  wadder ;  d,  rectum. 

pushing  the  mucous  membrane  before  it,  and  from  the  action  of 

gravity  it  tends  to  become  pendulous.     The  submucous  myoma, 

a    fh    funl       T       "  "  ^^^T  often  arises 

uterus   fnd  h '       i  ^"^^  ^^"--^-^  -  to  fill  the 

t?iri  ation   !  hT""  "r'""^  ^^^""^"^^  -b  eet 

~rsL^^^^^^^^  and  mee  Jon, 
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3.  Cancers  of  the  uterus  and  vagina.— In  the  great  majority  of 
cases  the  cancer  begins  just  about  the  junction  of  the  uterus  and 
vagina,  and  involves  both  as  it  extends.  The  disease  is  not  very- 
common  before  the  age  of  thirty,  and  is  most  prevalent  between  forty 
and  fifty.  It  appears  also  from  the  statistics  of  West  that,  contrary 
to  what  is  sometimes  stated,  it  occurs  much  more  frequently  in  women 
who  have  borne  children  than  in  those  who  have  not,  and  most  fre- 


Fig.  686.— Large  submucous  myoma  attached  near  the  fundus  and  distending 
uterus  and  vagina. 

quently  in  those  who  have  had  more  than  the  usual  number  of  preg- 
nancies ;  it  is  as  if  the  disease  developed  most  readily  when  the  uterus 
is  deteriorated  by  repeated  conceptions. 

The  cancer  mostly  consists  of  large  flat  epithelial  cells,  and  in  most 
cases  these  insinuate  themselves  amongst  the  constituents  of  the  uterine 
wall,  while  in  some  cases  the  growth  is  more  superficial.  Hence  it  is 
possible  to  distinguish  an  infiltrating  from  a  superficial  form,  the  latter 
being  frequently  designated  Epithelioma. 

Infiltrating  cancer  begins  as  an  infiltration  of  a  limited  part  of  the 
portio  vaginalis,  and  extends  more  or  less  round  the  external  os.  By 
and  by  the  whole  portio  vaginalis  is  converted  into  a  hard,  irregularly 


r 
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prominent  tumour.  At  first  the  infiltration  is  confined  to  the  mucous 
membrane  and  submucous  tissue,  but  by  degrees  it  spreads  both  deeply 
and  laterally.  It  insinuates  itself  into  the  muscular  substance  of  the 
uterus,  separating  and  breaking  up  the  muscular  trabecular,  which  come 
to  form  a  kind  of  rough  stroma  for  it  (see  Fig.  687).  It  also  passes  into- 
the  vagina,  infiltrating  its  wall.  Very  soon  ulceration  of  the  surface 
sets  ni,  and  in  its  subsequent  course  there  is  a  progressive  ulceration 
and  infiltration,  the  former  following  the  latter.  The  infiltration  passes 
into  the  body  of  the  uterus,  but  does  not  usually  reach  the  fundus 


'}^^^^^nL^^Z:i:^^  P-er.  .showin,  n.odo  of 

(as  at  <,)by  raasMs  of  cancerous  strSie     If interrupted  frequently, 

limits  LappreSe  uTZ,  M  1'^'"?  '^"'^ 
tissue,  whlh  eitelds  il  tl,r  ,  v""""  """^ 

ulcer.  "'°  some  lines  beyond  the 

"»lly  m  the  ligaments  and  under  the  peritoneum.  The 
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bladder  is  frequently  adherent  to  the  uterine  cancer  and  its  mucous 
membrane  is  red  and  irregular,  or  else  it  presents  cancerous  nodules. 
The  ulceration  even  extends  sometimes  into  the  bladder,  which 
forms  thus  a  communication  with  the  vagina.  The  rectum  is  much 
less  closely  related  to  the  cervix  uteri  than  is  the  bladder,  and  it  is  less 
frequently  involved.    Those  parts  of  the  uterus  which  are  not  involved 

by  the  cancerous  process  are  inflamed, 
and  adhesions  are  formed  to  the  rectum 
and  urinary  bladder. 

It  sometimes  happens  that  the  new- 
formation  of  cancerous  tissue  is  more 
vigorous  than  the  ulceration,  and  in 
that  case  we   may  have  prominent ' 
ragged  masses  hanging  into  the  vagina. 

The  microscopic  examination  of  this 
form  of  cancer  shows  masses  of  epithe- 
lial cells,  usually  of  considerable  size, 
arranged  irregularly  in  the  alveoli,  the 
stroma  being  largely  formed  by  the 
remains  of  the  structures  into  which 
it  has  infiltrated. 

Epithelial  cancer  (Cancroid)  is 
hardly  to  be  distinctly  delimited  from 
the  former,  but  is  characterized  by  a  more  superficial  outgrowth  of 
prominent  warty  projections,  while  the  deeper  infiltration  is  slower 
^nd  less  in  degree.  The  disease  begins,  as  in  the  other  case,  in  the 
portio  vaginalis,  and  at  first  there  is  little  more  than  a  prominent  warty 
outgrowth.  But  the  warty  growth  increases  while  the  base  becomes 
infiltrated  till  a  bulky  prominence  results,  whose  surface,  consisting  of 
masses  of  papilliform  projections,  gives  the  character  of  the  Cauliflower 
excrescence  (Fig.  689). 

This  form  of  tumour  is  also  liable  to  ulceration,  and  there  may  be  a 
■combination  of  ulceration  with  papilliform  projections,  although,  after 
-a  time,  the  papillse  may  be  destroyed  and  the  appearances  approximate 
to  those  of  the  other  form  of  cancer. 

Under  the  microscope  the  structure  here  is  more  that  of  flat-celled 
epithelioma.  The  prominent  papilte  are  covered  with  pavement 
■epithelium,  and  the  deeper  infiltration  consists  of  masses  of  flat  cells. 

A  few  cases  have  been  observed  in  which  Colloid  cancer  has  been  the 
form  occurring  in  the  uterus,  the  situation  being  the  same  as  in  the 
other  more  common  forms.  In  many  cases, also  a  cancer  may  arise  from 
the  fundus  uteri. 


Fig.  68S. — Cancer  of  uterus,  the  parts 
^shown  ill  section.  To  the  right  is  the 
urinary  bladder.  To  the  left  are  vagina 
,and  uterus,  both  of  them  to  a  large  ex- 
tent converted  into  irregular  cancerous 
masses.  (Graily  Hewitt  from  Martin.) 
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4  Sarcoma  of  the  uterus  and  vagina—This  form  of  tumour  is  very 
rare  It  originates  mostly  in  the  substance  of  the  uterus,  and  may  form 
an  extensive  infiltration  or  a  limited  tumour.  The  commonest  form  is 
the  spindle-celled  sarcoma,  but  the  round-celled  form  also  occurs. 
Sometimes,  but  very  rarely,  a  myoma  assumes  the  characters  ol  a 
sarcoma,  becoming  soft  and  loose  in  its  structure,  and  its  cells  more 
detached  from  each  other.    We  thus  have  a  Myosarcoma. 

Deciduoma  malignum  is  considered  further  on. 


Fig.  6S9.— Cauliflower  cancer  of  posterior  Up  of  os  uteri.  A  probe  is  passed  through 
the  OS,  and  the  anterior  lip  in  front  of  it  is  seen  to  be  normal,  while  a  cauliflower 
growth  projects  from  the  posterior.  (Simpson.) 


Parasites  are  rare  in  the  uterus  and  vagina.  Thread  worms  may 
pass  over  from  the  rectum.  Bacteria  are  met  with  in  the  vaginal 
secretion,  the  leptothrix  being  frequent.  In  gonorrhoea  the  gono- 
coccus  is  present.  The  oidium  albicans  is  found  in  connection  with 
thrush.  The  cysticercus  cellulosse  has  been  doubtfully  seen  in  the 
uterus,  and  the  echinococcus  with  exceeding  rarity. 

Literature. — Myoma — Virchow,  Geschwiilste,  iii. ;  Leopold  (M.  telangiectodes), 
Arch,  der  Heilk.,  1873  ;  Winckel,  in  Volkmann's  Samml.,  No.  98;  Cullen,  Johns 
Hopkins  Hosp.  Eep.,  vi.,  1897;  see  also  Literature,  p.  329.  Cancer— Ruge 
u.  Veit,  Der  Krebs  der  Gebarmutter,  1881;  Williams,  Cane,  of  uterus,  1888; 
Cullen,  Carcinoma  of  uterus,  1900.  Sarcoma — Winckel,  Dis.  of  women 
(transl.),  1887;  Beebmann,  Ueber  Sarkoma  uteri,  1876;  v.  Kahlden,  Das  Sarkom 
des  Uterus,  Ziegler's  Beitriige,  B.  xiv.,  p.  174,  1893;  Glaser,  Viroh.  Arch.,  cliv., 
1898;  Dohbertin,.  Ziegler's  Beitriige,  xxviii.,  1900. 
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X.-TUMOURS  OF  THE  OVARY,  PAROVARIUM  AND  BROAD 

LIGAMENT. 

Introduction.— The  ovary  and  broad  ligament  are  very  frequently 
the  seats  of  cystic  tumours,  which  sometimes  attain  vast  dimensions. 
The  origin  and  mutual  relations  of  the  various  forms  are  not  com- 
pletely disentangled,  but  a  knowledge  of  the  anatomical  conditions  is 
necessary  as  a  i^reliminary. 

The  ovary  lies  at  the  back  of  the  broad  ligament.  It  is  free  on  its 
two  flatter  surfaces  and  along  its  convex  posterior  border,  but  is  attached 


Fig.  6!10.— Diagi-ammatic  view  of  uterus  and  appendages,  po,  parovarium ;  od, 
Fallopian  tube  ;  fi,  its  fimbriated  extremity ;  o,  ovaiy,  with  the  ovarium  fimbria  to 
the  right  proceeding  to  the  fimbriated  extremity,  and  a  ligament  to  the  left  attaching 
it  to  the  uterus  near  the  origin  of  the  Fallopian  tube.  (Quain.) 


to  the  broad  ligament  by  its  anterior  border,  which  presents  a  deep 
groove  or  hilum  by  which  the  vessels  enter.  The  ovary  is  attached  to 
the  uterus  by  a  dense  Ligament  (see  Fig.  690)  and  to  the  Fallopian 
tube  by  the  Ovarian  fimbria  of  that  tube  (see  figure).  It  will  thus  be 
seen,  as  shown  in  the  figure,  that  the  ovarian  ligament,  ovary,  and 
ovarian  fimbria,  as  it  were,  circumscribe  a  portion  of  the  broad  ligament, 
which  is  bounded  above  by  the  Fallopian  tube.  This  part,  which  is 
called  the  Ala  vespertilionis  or  the  bat's  wing,  is  of  consequence  as  it 
contains  the  parovarium  and  also  because  it  frequently  comes  into 
evidence  in  ovarian  tumours. 

The  parovarium,  which  is  the  remains  of  the  Wolffian  body,  is  usual  1}'^ 
easily  made  out.  It  lies  between  the  two  folds  of  peritoneum  in  the 
ala  vespertilionis.  It  is  readily  seen  in  most  normal  subjects  by  holding 
the  parts  up  against  the  light.  It  then  appears,  as  in  Fig.  690,  po,  that 
the  organ  is  composed  of  a  transverse  tube  or  duct,  and  of  a  number  of 
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tical  tubes,  8  or  10  of  which  are  usually  well  developed.  The  trans- 
verse tube  is  the  duct  of  Gartner,  and  it  has  been  traced  inwards  to  the 
wall  of  the  uterus  and  onwards  to  end  in  the  vagina  close  to  the  urethral 
wall  This  tube  frequently  ends  distally  in  a  small  pedunculated  cyst  (/i 
in  figure)  The  vertical  tubes  of  the  parovarium  pass  towards  the 
hilum  of  the  ovary,  and  they  partly  enter  into  the  formation  of  the 
ovary  so  that  some  authors  describe  a  medullary  part  of  this  organ 
next  the  hilum  and  containing  these  Wolffian  structures,  and  a  peri- 
pheral or  cortical  portion  containing  the  ova. 

It  follows  from  these  anatomical  relations  that  a  tumour  of  the  ovary 
proper  will  generally  grow  into  the  peritoneum,  hanging  free  with  a 
narrow  pedicle.  On  the  other  hand,  one  arising  in  the  parovarium  or 
in  the  substance  of  the  broad  ligament,  being  subperitoneal  in  its  origin, 
will  expand  the  broad  ligament  and  be  seldom  pedunculated. 

1.  Simple  cysts  of  the  ovary  occur  which  are  in  many  respects  com- 
parable with  the  simple  cysts  which  are  so  frequent  in  the  kidney,  and 
like  them  have  no  very  special  significance  (see  Kidney).  They  are 
produced  by  Dropsy  of  the  Graafian  vesicles,  as  was  proved  by  the 
discovery  by  Eokitansky  of  an  ovum  in  such  a  cyst.  Simple  cysts  may 
be  of  congenital  origin,  having  been  observed  in  new-born  children. 

As  a  general  rule  there  are  several  cysts  simultaneously  developed, 
usually  from  ten  to  twenty,  but  one  or  a  few  only  may  attain  a  prepon- 
derating size.  The  cysts  have  a  distinct  smooth  lining  membrane,  with 
a  single  layer  of  epithelium.  The  contents  are  mostly  clear  serum,  but 
they  may  be  dark  from  haemorrhage  or  turbid  from  inflammation. 
The  enlargement  of  the  ovary  is  not  generally  great  in  this  form  of 
cystic  disease  ;  it  rarely  reaches  the  size  of  the  fist,  and  still  more 
rarely  that  of  the  head.  If  there  are  several  cysts,  they  take  shape  by 
mutual  pressure. 

2.  Colloid  ovarian  cystoma. — This  form  is  of  much  more  frequent 
occurrence  and  vastly  more  important.  To  this  class  of  cysts  the  name 
Cystoma  is  properly  applied,  because  they  arise  by  a  distinct  new- 
formation,  there  being  first  produced  a  preparatory  tissue,  which  goes 
on  to  the  formation  of  the  cysts.  The  preparatory  tissue  is  glandular 
in  character,  and  hence  the  names  Adenoma  and  Adenocystoma  are 
sometimes  applied.  This  group  includes  the  characteristic  Multilocular 
cysts  of  the  ovary. 

These  cysts  form  bulky  tumours,  and  while  the  tumour  itself  is 
formed  of  a  number  of  larger  and  smaller  cysts,  there  is  nearly  always, 
in  the  walls  of  these,  more  or  less  solid  material  which  shows-  various 
stages  in  the  process  of  cystic  formation.  The  tumour,  sometimes  of 
enormous  size,  represents  the  Ovary  as  a  whole,  and  is  not  merely 
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something  added  to  it,  the  external  covering  of  the  cyst  corresponding 
strictly  with  the  surface  of  the  ovary. 

The  solid  tissue  in  the  wall  of  the  cysts  shows  the  various  stages^in 
the  process  of  development.    It  shows,  microscopically,  a  glandular 


Fig.  691.— From  a  colloid  ovarian  cystoma.    Gland-like  tissue  and  the  beginninE  of 
cysts.    X  70.  5  & 

Structure  (see  Fig.  691)  in  the  form  of  tubular  canals  lined  with  cylin- 
drical epithelium,.    These  gland-like  structures  often  project  into  cysts. 


Pig.  692. — Portion  of  wall  of  colloid  ovarian  cyst.    The  lining  epithelium  is  mostly 
in  the  form  of  goblet  cells,    x  350. 

and  altogether  they  show  a  very  striking  power  of  new-formation. 
The  transformation  of  the  gland-like  tissue  into  cysts  is  readily  seen 
in  many  cases.  The  cylindrical  epithelium  presents  very  markedly 
the  goblet  form  seen  in  mucous  glands  (Fig.  692),  and  it  secretes  a 
mucous  or  colloid  material,  which  accumulates  in  the  cavity  and  dis- 
tends it  more  and  more  into  a  globular  cyst.    We  have  therefore,  in 
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the  walls  of  the  cysts,  very  commonly  large  numbers  of  smaller  cysts 
which  take  their  shape  by  mutual  pressure.  Cysts  formed  in  this 
way  project  into  the  already  existing  cysts  as  they  grow,  and  may 
afterwards  burst  and  become  flattened  out  on  the  wall  of  the  older 
cyst  As  all  the  cysts  have  had  a  similar  origin,  they  are  hned  with 
epithelium,  whose  function  it  is  to  secrete  a  colloid  or  mucoid  fluid, 
and  so  the  cysts,  once  formed,  have  an  almost  continuous  tendency 
to  increase. 

As  regards  the  Origin  and  Significance  of  the  glandular  tissue, 

authors  are  generally  agreed  that,  as  we  have  here  essentially  to  do 
with  glandular  epithelium,  its  origin  is  to  be  referred  to  the  primordial 
epithelial  structures  of  the  ovary.  The  primordial  ovary  consists  of  a. 
layer  of  epithelium  on  the  surface  of  the  connective-tissue  projection. 
The  ova'  form  by  the  penetration  inwards  or  reduplication  of  this 
superficial  epithelium,  which  at  first  forms  a  series  of  communicating^ 
channels  or  follicles  which  Waldeyer  compares  to  a  cavernous  tissue. 
By  the  constriction  of  these  canals  the  ova  are  formed,  it  being 
doubtful  whether  the  cells  of  the  membrana  granulosa  which  lines- 
the  Graafian  vesicle  are  derived  from  this  epithelium  or  from  the 
connective-tissue  stroma.  The  glandular  formation  in  ovarian  cystoma 
may  be  regarded  as  a  pathological  and  exaggerated  recurrence  of  the 
foetal  condition. 

The  Naked-eye  appearances  of  the  colloid  cystoma  are  generally 
quite  characteristic,  and  may  be  inferred  from  Fig.  69-3,  in  which  a 
tumour  is  shown  in  section  after  hardening.  The  tumour  represents- 
an  ovary,  and  its  outer  covering  is  the  outer  covering  of  the  ovary 
with  its  layer  of  endothelium.  The  surface  is  usually  smooth  and  very 
often  free  from  adhesion  to  neighbouring  structures.  In  shape  the 
tumour  is  generally  more  or  less  globular,  but  not  infrequently  it  is 
lobulated  on  the  surface  and  evidently  composed  of  several  cysts. 
Although  the  cyst  is  for  the  most  part  obviously  multilocular,  yet  one 
of  the  cysts  sometimes  attains  such  a  preponderating  size  that  the 
tumour  is  apparently  unilocular.  In  these  cases  examination  will 
show  the  existence  of  other  cysts  fiattened  out  in  the  wall,  or  collected 
here  and  there  in  clusters.  Towards  the  base  of  the  tumour,  but  also 
in  many  cases  at  various  places,  there  are  solid  or  semi-solid  masses 
in  which  cysts  are  in  process  of  development  in  the  way  already 
described.  The  size  of  the  tumour  is  frequently  very  great.  On 
cutting  into  it  there  escapes  from  the  cysts  a  sticky  brownish  or 
yellowish  fluid,  which  is  tolerably  clear  unless  some  of  the  secondary 
changes  to  be  presently  described  have  occurred  in  it.  If,  as  is  usually 
the  case,  there  are  many  cysts,  they  take  shape  by  mutual  pressure 
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against  each  other,  while  the  general  globular  outline  of  the  tumour 
as  a  whole  is  preserved. 

As  the  ovary  hangs  free  in  the  peritoneum  the  tumour  also  generally 
expands  outwards  freely,  and  preserves  a  comparatively  narrow  attach- 
ment, called  the  Pedicle.  In  ovarian  cysts  as  excised  the  ala  vesper- 
tihonis  will  generally  be  found  attached  and  nearly  normal,  and  the 


Fig.  (593.— Colloid  uvariau  cystonja  m  seetiuu  aftci-  liardening.  There  is  one  largo 
cyst  to  the  right  which  has  become  shrunk.  The  rest  of  the  tumour  consists  of  cysts 
of  various  sizes,  with  some  solid  tissue.    (About  one-third  the  natunil  size.) 


parovarium  is  often  unusually  well  preserved.  The  expansion  of  the 
tumour  is  very  rarely  upwards  from  the  ovary  into  the  ala  vesperti- 
lionis.  If  it  be  so,  then  the  tumour  is  more  sessile  and  the  Fallopian 
tube  may  be  stretched  over  its  summit. 

Secondary  changes  occur  which  concern  chiefly  the  contents  of  the 
cysts.  It  seems  almost  a  normal  condition  in  large  cysts  that  the 
internal  wall  should  present  collections  of  cells  in  a  state  of  Fatty 
degeneration,  these  cells  being  often  in  many  layers.  Cells  also  pass 
into  the  fluid,  so  that  in  all  ovarian  fluids  cells  are  to  be  found  of  round 
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shape  and  with  oil  drops  in  them.  Many  of  these  cells  are  doubtless 
leucocytes  which  have  emigrated  into  the  cysts.  The  number  of  these 
fatty  cells  may  be  greatly  increased,  and,  as  many  of  them  in  that  case 
break  down,  we  may  have  a  fluid  which  is  turbid  from  the  presence  of 
numerous  fatty  cells  and  free  oil.  The  fluid  is  also  pale  like  a  fatty 
emulsion,  and  in  many  cases  it  resembles  pus  in  its  naked-eye  appear- 
ance. This  change  is  most  likely  to  occur  in  old  and  large  cysts,  but  it 
is  not  infrequent  in  younger  and  smaller  ones. 

The  free  fat,  if  long  retained,  forms  Crystals  of  cholestearine,  and 
in  fact  these  crystals  are  frequently  found  in  the  fluid  of  cysts  which 
otherwise  are  not  strikingly  altered. 

HsBmorrhage  occasionally  occurs  into  the  cysts,  and  this  will  cause 
the  fluid  to  be  turbid  and  deep  brown  or  red  in  colour.  There  may 
also  be  masses  of  softened  fibrine  in  the  cavity.  Sometimes,  however, 
the  fluid  has  a  dark  brown  colour  without  haemorrhage. 

Inflammation  of  the  cyst-wall  is  not  of  very  frequent  occurrence. 
There  may  be  an  acute  suppurative  inflammation,  so  that  the  contents 
become  mixed  with  pus  and  assume  more  and  more  of  the  purulent 
character.  With  this  there  is  generally  an  acute  inflammation  of  the 
surface,  with  fibrinous  exudation  and  adhesion  to  neighbouring  struc- 
tures. If  the  suppuration  continues  there  is  apt  to  be  perforation  of 
the  pus  into  the  abdominal  cavity  with  resulting  fatal  peritonitis.  A 
chronic  inflammation  is  more  common,  causing  adhesion  of  the  cyst  to 
neighbouring  parts,  and  these  adhesions  may  be  very  extensive  and  firm. 

Perforation  or  Rupture  of  the  individual  cysts  which  compose  the 
tumour  is  not  infrequent.  It  has  been  already  stated  that  coalescence 
of  cysts  by  rupture  of  their  adjacent  walls  is  a  regular  process  in  the 
course  of  growth.  A  rupture  externally  is  much  less  frequent.  It 
occurs  by  mechanical  violence,  by  necrosis  of  parts  of  the  wall  from 
interference  with  the  circulation,  from  inflammation,  or  from  penetra- 
tion of  the  wall  by  the  growth  of  the  secondary  cysts. 

The  rupture  occurs  usually  into  the  peritoneum,  but  it  may  be  into 
the  rectum  or  bladder,  inflammatory  adhesions  having  previously 
formed.  According  to  Bland  Sutton  a  cystoma  may  rupture  and 
continue  to  secrete  colloid  matter  which  passes  into  the  peritoneum, 
and  may  collect  there  in  large  quantity.  The  colloid  matter  in  the 
peritoneal  cavity  sets  up  inflammation  which  may  be  somewhat  acute. 
If  it  lasts  for  some  time  there  is  great  thickening,  especially  of  the 
omentum,  which  contains  colloid  masses,  and  looks  like  a  mass  of  boiled 
sago  (Doran  and  Olshausen). 

3.  Papillomatous  cysts  of  the  ovary.— Cysts  of  this  kind  are  regarded 
by  Doran  and  others  as  originating  in  the  hilum  of  the  ovary,  and 
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therefore  as  springing  from  the  remains  of  the  Wolffian  body.  They 
form  large  unilocular  tumours  with  glairy  colloid  contents  like  those 
already  described.  Instead  of  a  glandular  tissue  in  their  walls,  from 
which  the  cysts  form,  there  is  a  papillary  growth  into  the  cavities  of 
the  cysts.  The  intra-cystic  growth  consists  of  dendritic  papillae  covered 
with  cylindrical  epithelium  which  does  not  take  the  goblet  characters. 

This  form  of  cystoma  is  sometimes  combined  with  the  other,  as  if  the 
new-formation  had  originated  from  both  parts  of  the  ovary. 

The  papillomatous  cyst  has  much  more  malignant  characters  than 
the  ordinary  colloid  form.  The  growing  papillaj  not  infrequently  pierce 
the  wall  of  the  cyst  and  present  themselves  externally.  There  may  be 
thus  a  considerable  shaggy  growth  outside  the  tumour.  Then  there 
may  be,  in  addition,  transplantation  to  other  parts  of  the  peritoneum, 
and  the  papillse  grow  where  they  are  planted.  We  may  in  this  way 
have  shaggy  papillomatous  growths  surrounding  the  uterus  and  other 
structures  in  the  pelvis  and  even  on  the  general  peritoneum.  The 
rupture  of  the  cysts  by  scattering  the  papillae  produces  similar  results. 

This  form  of  tumour  is  likely  to  be  less  pedunculated  than  the 
former  kind.  Originating  at  the  hilum,  it  may  grow  specially  into 
the  broad  ligament,  distending  it  and  stretching  the  Fallopian  tube, 
somewhat  in  the  fashion  of  the  cysts  of  the  broad  ligament.  There 
are,  indeed,  cases  in  which  it  is  difficult  to  say  whether  the  cyst  has 
originated  in  the  ovary  or  broad  ligament. 

4.  Cysts  of  the  broad  ligament.  Parovarian  cysts.— The  cysts  in- 
cluded here  form  a  marked  contrast  to  the  proper  ovarian  ones.  They 
have  no  solid  secreting  tissue,  and  their  contents  are  not  colloid.  They 
are  unilocular,  and  they  show  relations  to  the  ovary  and  Fallopian  tube 
which  proclaim  their  origin  in  the  ala  vespertilionis  which  lies  above 
the  ovary,  and  contains  the  parovarium.  It  is  natural  to  infer  that 
they  originate  in  this  rudimentary  organ,  but  recently  doubts  have 
been  raised  as  to.  this  origin  of  all  these  cysts.  Hence  the  general 
term  cysts  of  the  broad  ligament  is  now  more  frequently  in  use. 
It  is  acknowledged  that  some  of  them  originate  in  the  parovarium, 
and,  according  to  Doran,  it  is  chiefly  those  which  show  papillomatous 
ingrowths  which  do  so.  At  the  same  time,  the  general  characters  of 
all  these  cysts  are  otherwise  so  similar  that  one  is  led  to  infer  a  common 
origin,  and  they  may  be  grouped  together  as  parovarian  cysts. 

The  cysts  of  the  broad  ligament  are  nearly  always  unilocular.  They 
frequently  grow  to  large  dimensions,  and  they  have  a  perfectly  simple 
connective-tissue  wall,  without  any  trace  of.partitions. 

Growing  between  the  two  folds  of  the  broad  ligament  they  distend 
the  peritoneum  over  them,  and  this  peritoneal  covering,  being  loosely 
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attached  to  the  proper  cyst-wall,  can  be  readily  separated.  As  it  has 
attained  to  considerable  thickness  the  peritoneal  coat  itself  makes  a 
distinct  cyst,  like  the  outer  skin  of  a  football.  In  this  respect  the  cyst 
differs  from  the  ovarian  forms,  in  which  no  such  layer  of  peritoneum  is 
distinguishable. 

From  the  position  of  these  tumours,  lying  in  the  position  of  the 
parovarium  between  the  ovary  and  Fallopian  tube  (see  Fig.  690,  p.  1164), 
they  stretch  these  structures  greatly.  The  figure  shows  that  a  girdle 
is  formed  round  this  part  of  the  broad  ligament,  by  the  Fallopian  tube, 
ovarian  fimbria,  ovary  and  ovarian  ligament.  This  girdle  remains 
around  the  cyst  but  is  greatly  elongated.  The  Fallopian  tube  is  en- 
larged and  elongated  till  it  may  measure  fourteen  or  fifteen  inches. 
The  fimbriated  extremity  is  flattened  out  and  exaggerated,  while  the 
ovarian  fimbria  is  stretched  and  thickened.  The  Ovary  generally 
hangs  from  the  lower  part  of  the  cyst,  elongated  and  condensed. 
The  ovarian  ligament  completes  the  girdle.  There  is  thus  no  proper 
pedicle  such  as  ovarian  tumours  usually  have. 

The  contents  of  the  cyst  are  usually  a  clear,  colourless  fluid,  of  a 
specific  gravity  not  greatly  exceeding  1008. 

In  most  cases  the  internal  surface  of  the  cyst  is  smooth,  but 
sometimes  intra-cystic  papillary  growth  occurs,  this  form  being  sup- 
posed to  be  specially  parovarian.  The  papillomatous  cysts,  like  the 
similar  ones  of  the  ovary,  show  malignant  characters. 

Rupture  of  these  cysts  is  not  accompanied  by  the  inflammatory 
manifestations  produced  by  the  ovarian  cysts.  The  papillomatous 
forms,  however,  may  lead  to  secondary  growths  by  rupture.  The 
ruptured  cysts  may  lie  for  years  in  the  abdomen,  producing  little  or 
no  disturbance,  and  without  any  tendency  to  refill.  This  was  so  in 
a  case  observed  by  Gairdner  and  the  author,  and  preserved  in  the 
Western  Infirmary  Museum,  G-lasgow. 

5.  Dermoid  cysts  of  the  ovary. — These  are  sometimes  regarded  as 
belonging  to  the  class  of  Teratoma.  They  are  of  comparatively 
frequent  occurrence  in  the  ovary,  and  may  be  bilateral.  In  some 
cases  they  coexist  with  the  commoner  cj'stic  tumour  of  the  ovary. 
The  cyst  has  a  thick  connective-tissue  wall,  and  is  generally  filled  with 
yellow  masses  of  buttery  material  in  which  numerous  long  hairs  are 
entangled.    Large  quantities  of  this  material  may  be  present. 

The  cyst  has  an  internal  lining  of  epithelium  or  epidermis,  but  in 
certain  areas  a  more  complex  structure  is  developed.  Thus  sebaceous 
glands  (Fig.  161,  p.  324),  hairs  (Fig.  694),  bone,  and  even  teeth  may 
«nter  into  the  constitution  of  the  wall. 

The  sebaceous  glands  secrete  oil  which  is  fluid  at  the  temperature  of 
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the  body,  but  on  cooling  forms  a  buttery  mass.  Hairs  are  shed  as 
from  the  ordinary  hairy  parts  of  the  skin,  and  these  accumulate 
amongst  the  oil.  Epidermic  cells  are  also  mixed  with  it.  Teeth  are 
sometimes  present,  not  only  in  the  walls,  but  in  the  contents,  some- 
times to  the  number  of  a  hundred. 

These  cysts  not  infrequently  inflame  and  may  rupture,  most  fre- 
quently into  the  bladder  or  rectum,  their  peculiar  contents  being 


Fig.  1)04. — Dermoid  cyst  of  ovary. 

discharged,  and  so  revealing  the  nature  of  the  case.  According  to 
Bland  Sutton,  dermoid  cysts  after  rupture  may  show  transplantations 
on  the  peritoneum. 

6.  Cancer  of  the  ovary  occurs  mostly  as  a  Cyst  with  cancerous 
growths  in  its  walls.  There  may  be  a  combination  of  the  colloid  or 
papillomatous  cyst  with  cancer,  or  a  partial  transformation  of  the 
former  into  the  latter.  In  the  ordinary  ovarian  cyst  the  epithelium 
has  a  regular  and  normal  arrangement,  and  we  may  call  the  tumour  in 
that  aspect  an  adenoma;  in  the  cancer  the  epithelium  is  distinctly 
abnormal  in  its  arrangement,  being  aggregated  into  indefinite  masses. 
In  may  happen  that  in  the  midst  of  the  cancer  the  epithelium  is  under- 
going metamorphosis,  so  that  cysts  are  developing  from  it  as  from  the 
more  regular  granular  tissue. 

Besides  these  cancerous  cysts  we  may  have  a  Solid  cancerous  tumour 
in  the  dvary,  presenting  the  usual  characters,  but,  like  the  ovarian 
tumours,  showing  a  very  excessive  growth. 

7.  Sarcoma  is  a  rare  tumour  in  the  ovary.  Spindle-celled  sarcoma  is 
the  more  usual  form,  but  round-celled  sarcomas  also  occur.  These 
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tumours  may  also  assume  very  large  proportions,  reaching  the  size  of 
the  head  sometimes,  and  they  are  not  infrequently  bilateral.  Cysts  are 
frequently  present  in  the  midst  of  them,  and  these  may  be  simple 
serous  cysts  or  they  may  have  colloid  contents.  These  latter  may  arise 
from  glandular  structures,  and  the  disease  may  form  a  combination  of 
the  colloid  cystoma  and  the  sarcoma,  or  they  may  originate  in  a  soften- 
ing of  the  sarcomatous  tissue. 

Myoma  of  the  ovary  forms  a  hard  fibrous-looking  tumour. 

Fibroma  is  not  a  very  infrequent  tumour.  It  may  grow  to  very  large 
dimensions,  and  by  softening  contain  an  irregular  cystic  cavity.  The 
Chondroma  is  a  much  more  unusual  form. 

Tumours  of  the  Fallopian  tubes  are  excessively  rare,  but  a  few  cases 
of  papilloma  and  of  cancer  have  been  recorded. 

Tubo-ovarian  cyst  is  a  name  given  to  a  condition  occasionally  met  with  in  which 
the  end  of  the  Fallopian  tube  is  adherent  to  and  communicates  with  an  ovarian 
cyst.  The  tube  is  itself  dilated  in  some  cases,  and  in  some  the  ovarian  cyst  dis- 
charges into  the  tube. 

The  origin  of  this  condition  is  not  always  clear.  In  some  cases  it  is  evident  that 
a  salpingitis  and  perimetritis  have  caused  adhesion  of  the  tube  to  the  ovary  and 
occlusion  of  its  orifice,  with  resulting  dilatation.  A  chronic  inflammation  of  the 
ovary  coinciding  may  lead  to  cystic  formation  in  it,  by  dilatation  of  the  Graafian 
follicles,  and  coalescence  may  result.  A  colloid  cystoma  may  coincide,  but  this  is 
a  rare  circumstance.  According  to  some  authors  a  congenital  adhesion  of  the  tubes 
to  the  ovaries  leads  to  the  tubo- ovarian  cyst  in  some  cases. 

Literature. — Waldeyek,  Eierstock  und  Ei,  1870  ;  Coblentz,  Virch.  Arch.,  Ixxxii. 
and  Ixxxiv. ;  Olshatjsen,  Die  Krankheiten  der  Ovarien,  in  Pitha-Billroth's  Handb. 
der  Chirurgie,  iv.,  1877  ;  Eieder  (Gartner's  ducts),  Virch.  Arch.,  xcvi.  ;  De  Sinety 
and  M,vlassez,  Arch,  de  Phys.,  v.,  vi.,  vii. ;  Fodlis  (Development  and  structure  of 
ovary),  Jour,  of  Anat.  and  Phys.,  xiii.;  Balfour  (do.).  Quart.  Jour,  of  Micr.  Science, 
xviii.,  1878;  Wilson  Pox,  Med.  Chir.  Trans.,  xlvii.,  1864;  Spencer  Wells,  Ovarian 
and  uterine  tumours,  1882  ;  Lawson  Tait,  Path,  and  treatment  of  dis.  of  ovaries, 
4th  ed.,  1883  ;  Doean,  Tumours  of  ovary,  tube,  and  broad  ligament,  1884;  Howell, 
in  Mann's  Syst.  of  Gynecol.,  ii.,  1888;  Bland  Sutton,  Brit.  Med.  Jour.,  i.,  1183, 
1892;  also  Surgical  diseases  of  the  ovaries,  etc.,  1891;  Williams  (with  literature). 
Papillomatous  tumours  of  the  ovary,  Johns  Hopkins  Hospital  Eeports,  vol.  iii.,1892  ; 
Wilms,  Ziegler's  Beitriige,  xix.,  1896;  Arnsbeeger,  Virch.  Arch.,  clvi.,  1899; 
Seydel,  Lubarsch  and  Ostertag,  Ergebnisse,  vi.,  1901. 


B. — The  Dkcidua,  Chorion  and  Placenta. 

The  pathological  changes  in  these  structures  have  been  very  imper- 
fectly investigated,  and  there  are  many  lesions  the  nature  of  which  is 
not  clearly  understood. 

The  decidua  is  formed,  under  the  influence  of  pregnancy,  from  the 
mucous  membrane  of  the  uterus.    This  structure  is  greatly  thickened 
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and  otherwise  altered  in  structui-e  in  order  to  accommodate  the  foetus. 
The  membranes  formed  by  the  foetus  are  the  chorion  and  the  amnion. 
The  former  is  originally  covered  by  villi,  which,  in  a  limited  area,  go  to 
form  the  foetal  part  of  the  placenta.  The  placenta  is  a  joint  product  of 
the  maternal  and  fojtal  structures,  the  decidua  furnishing  the  maternal 
and  the  chorion  the  foetal  portion. 

1.  Affections  of  the  decidua.— It  is  generally  believed  that  diseases 
of  the  decidua  are  common  causes  of  premature  discharge  of  the  ovum, 
but  little  is  known  as  to  their  nature.  Atrophy  and  hypertrophy  are 
stated  to  occur,  the  latter  perhaps  as  the  result  of  inflammation. 

Inflammation  of  the  decidua  {Deciduitis  or  Endometritis  decidualis) 
apparently  leads  to  various  local  thickenings  and  irregularities  of  the 
decidua.  It  occurs  when,  before  pregnancy,  there  has  been  a  chronic 
inflammation  of  the  mucous  membrane  of  the  uterus.  The  changes  are 
observed  in  the  membrane  discharged  along  with  the  aborted  fcetus. 

Haemorrhage.  The  Sanguineous  or  Fleshy  mole.— Hajmorrhage 
from  the  decidua  is  frequent  in  the  course  of  pregnancy,  and  may  be 
the  cause  of  abortion. 

In  some  cases  the  foetus  is  retained  and  the  blood  accumulates  in 
the  chorion  and  surface  of  the  amnion.  The  blood  coas;ulates,  and, 
the  fibrine  condensing  the  structures,  a  fleshy  mass  is  produced,  in 
the  midst  of  which  the  dead  foetus  may  be  no  longer  discoverable. 
This  mass  may  remain  long  in  the  uterus,  to  be  discharged  afterwards 
as  a  fleshy  mole.  Sometimes  it  is  retained  so  long  as  to  become  infil- 
trated with  lime  salts,  a  stony  mole  being  ultimately  discharged. 

2.  Hydatid  mole. — This  is  an  aff"ection  of  the  chorion,  arising  by  a 
transformation  of  the  villi.  The  villi  are  branching  offshoots  consisting 
of  mucous  tissue,  covered  by  a  layer  of  epithelium  (see  Fig.  118, 
p.  292).  By  increase  of  the  mucous  tissue  the  villi  are  converted  into 
cyst-like  bodies  of  considerable  size.  The  hydatid  mole  is  thus  formed 
of  a  mass  consisting  of  the  foetal  membranes,  on  the  surface  of  which 
are  myriads  of  oval  or  round  cyst-like  bodies  which  hang  like  grapes 
on  stalks,  and  often  hang  on  one  another  (see  Fig.  695).  Thus  a  bulky 
mass  is  formed  consisting  of  a  multitude  of  these  berry-like  cysts.  On 
opening  the  altered  membranes  as  a  rule  no  foetus  is  revealed.  Occa- 
sionally a  portion  of  the  embryo  may  I'csist  absorption  in  cases  of  late 
origin. 

In  an  early  stage  of  development  the  villi  are  present  all  over  the 
chorion,  while  later  on  they  are  limited  to  a  certain  area  forming  the 
foetal  part  of  the  placenta.  If  the  disease  begins  early  the  cyst-like 
bodies  are  present  all  over  the  chorion,  Avhereas  in  later  periods  they 
occupy  only  the  placental  surface. 
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The  altered  chorionic  villi  adhere  to  the  wall  of  the  uterus,  and  some- 
times are  even  embedded  in  its  substance,  so  that  when  removed  the 
internal  surface  may  be  like  that  of  the  heart,  showing  prominent 
trabecules.  There  may  even  be  a  destructive  encroachment  on  the 
uterine  wall. 


Fig.  l!95. — Portion  of  a  hydatid  mole  showing  the  berry-like  masses.    Natural  size. 

(ViRCHOW.) 

The  hydatid  mole  grows  quickly,  so  that  the  enlargement  of  the 
viterus  goes  on  more  rapidly  than  in  a  normal  pregnancy.  The  mole  is 
detached  at  first  in  pieces,  along  with  haemorrhage,  and  even  when  the 
bulk  of  it  is  discharged,  it  may  be  so  mixed  with  blood  as  to  be  with 
diflSculty  distinguished.  The  clear  grape-like  bodies  afford  the  means 
of  distinction. 

3.  Diseases  of  the  placenta. — The  placenta,  being  rapidly  formed  and 
being  composed  of  a  tissue  intended  for  temporary  purposes,  is  specially 
liable  to  various  degenerations  and  to  disorders  of  the  circulation. 
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Hemorrhage  occurs  in  the  placenta  not  infrequently,  producing 
localized  collections  of  blood,  the  condition  being  called  Apoplexy  o'f 
the  placenta.  The  placenta  villi  are  embedded  in  the  coagulum  and 
somewhat  concealed. 

The  White  infarction  is  a  somewhat  frequent  lesion  in  the  placenta 
It  IS  found  m  cases  where  the  child  has  been  still-born,  and  it  implies 
grave  disturbance  of  the  circulation  in  the  placenta.  The  infarction 
forms  a  solid  white  mass,  usually  wedge-shaped,  and  generally  multiple. 
In  it  the  villi  are  dead,  and  fibrine  or  blood  lies  in  the  spaces.  The 
lesion  has  arisen  by  a  process  of  Coagulation-necrosis  like  the  pale 
embolic  infarctions  of  the  kidney  and  spleen. 

The  cause  of  this  localized  necrosis  is  not  clear.  There  is  probably 
an  arterial  obstruction,  which  Ackermann  has  ascribed  to  a  periarteritis 
nodosa.  According  to  Kustner  serious  nutritive  disturbances  during 
pregnancy  are  regularly  followed  by  the  formation  of  numerous  white 
infarctions  of  the  placenta. 

Inflammations  of  the  placenta  are  described  as  leading  to  fibrous 
thickenings.  The  inflammation  originates  in  the  decidua  and  extends 
to  the  placental  tissue. 

A  Periarteritis  nodosa  has  been  mentioned  above  as  having  to  do 
Avith  the  formation  of  the  white  infarction.  It  appears  indeed  that 
these  infarctions  are  often  regarded  as  due  to  inflammations.  The 
whole  subject  is  in  need  of  further  elucidation. 

Syphilis  leads  in  the  placenta  to  new-formation  of  granulation 
tissue  and  gummata,  causing  the  placenta  to  increase  in  bulk  and 
weight.  From  the  pressure  of  the  new-formed  tissue  on  the  vessels, 
there  is  apt  to  be  degeneration  of  the  placental  structures.  Tuber- 
culosis has  also  been  described  as  occurring  in  the  human  placenta. 

Retrograde  changes  are  frequent  in  the  placenta.  Fatty  degenera- 
tion and  calcareous  infiltration  occur  in  the  various  structures.  The 
placenta  is  sometimes  speckled  all  over  with  small  whitish  spots,  which 
are  areas  in  which  calcareous  deposition  has  occurred.  Along  with  this 
the  microscope  reveals  fatty  degeneration. 

(Edema  as  a  result  of  obstruction  to  the  fojtal  circulation  or  owinsr  to 
some  maternal  cause  may  occur.    The  placenta  is  large  and  heavy. 

Tumours. — Both  cystic  and  solid  tumours  have  been  described. 
They  are  very  rare.  Cysts  are  found  under  the  amnion  varying  in 
size  from  a  pea  to  a  walnut.  They  contain  mucous  fluid,  and  ma}' 
originate  in  extravasations  of  blood.  Both  forms  of  tumour  are  most 
frequently  found  on  the  foetal  surface  and  near  the  insertion  of  the 
cord. 

Abnormalities  in  form,  size  and  situation  are  common. 
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4.  Deciduoma  malignum  or  chorion-epitlielioma  is  a  form  of  tumour 
the  precise  nature  of  which  has  given  rise  to  endless  discussion.  By 


Fig.  09i). — Deciduoma  maligiium  or  chorioii-epitlielioma.    (Dr.  Buist's  Case.) 
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the  term  Deciduoma  a  relationship  with  the  decidua  is  imphed,  bub 
recent  investigation  points  rather  to  the  epithelial  coverings  of  the 
villi  of  the  chorion  as  the  seat  of  origin  of  the  affection.  The  term 
Chorionic-epithelioma  is  thus  preferable. 


J®  :»\\ 
^  ' ®  *  *  «-t 


t*  4.V 


'  •  •  „  • 


Fig.  0!lS.  Deciduoma nialiguum  or  cliorion-opitlielioma  invading  utei-iue  wall,    x  200. 

The  growth  arises  in  the  great  majority  of  cases  in  connection  with 
pregnancy.  In  many  instances  it  appears  after  a  molar  pregnancy, 
and  especially  after  the  vesicular  or  hydatid  form.  As  a  rule  it  projects 
from  the  inner  surface  of  the  uterus  (Fig.  696)  in  the  form  of  a  some- 
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what  friable  brown  mass  resembling  blood  clot.  In  the  midst  of  this 
pale  areas  of  tumour  tissue  and  more  opaque  areas  of  necrosis  are 
commonly  visible.  In  some  cases  the  growth  is  for  the  most  part 
embedded  in  the  uterine  wall  (Fig.  697).  It  may  remain  local,  but 
frequently  shows  metastasis  in  various  organs,  e.g.  the  vagina,  lungs. 
(Fig.  555,  p.  916),  liver  (Fig.  623,  p.  1042),  etc.,  the  metastases  closely 
resembling  the  primary  tumour. 

On  microscopic  examination  two  types  of  cells  are  distingiiishable 
(Fig.  698).  There  are  cells  with  clear  protoplasm  and  rounded  or 
oval  nuclei,  which  stain  somewhat  faintly  with  nuclear  stains,  and 
show  a  distinct  intranuclear  network.  These  form  the  bulk  of  the 
tumour,  and  are  in  all  probability  derived  from  Langhans'  layer  or 
the  inner  epithelial  investment  of  the  chorionic  villus.  Further  proto 
plasmic  masses  or  Plasmodia  of  irregular  outline  containing  oval  nuclei 
also  occur,  and  are  most  probably  to  be  referred  in  their  origin  to  the 
Syncytium  or  outer  epithelial  layer  of  the  villus. 

The  discovery  within  recent  times  of  these  cellular  elements  in 
certain  tumours  of  the  testicle,  while  tending  to  render  the  problem 
more  complex,  may  yet  be  a  means  of  throwing  light  upon  this  in- 
teresting form  of  tumour. 

Literature. — Spiegelbeeg,  Text-book  of  Midwifery  (Sycl.  Soc.  trans.),  1887. 
Hydatid  moZe— Vibchow,  Geschwiilste,  i.,  409;  Volkmann  (Destructive  mole), 
Virch.  Arch.,  xli. ;  Jarotzky  and  Waideyer  (do.),  ibid.,  xliv.  Placenta — Maieh 
(Inflammations),  Virch.  Arch.,  xlv.  ;  Ackermann,  ibid.,  xcvi. ;  Kdstner,  ibid.,  cvi. ; 
ViRCHOw  (Syphilis),  Geschwiilste,  ii.,  480  ;  Fraenkel,  Ueber  Placentalsyphilis, 
1873;  ScHMORL  u.  Kockel  (Tuberculosis),  Ziegler's  Beitriige,  1894,  xvi.,  p.  313; 
Keemadnbr  (Hydatid  mole),  Monatschrift  ftir  Geburtshiilfe,  etc.,  xvi.  2,  1902. 
Deciduoma — Marchand,  Zeitschr.  f.  Geburtsh.  u.  Gyniik.,  xxxii.,  1895,  xxxix.,  1898; 
Williams,  Johns  Hopkins  Hosp.  Eep.,  iv.,  1895  ;  Edge  (literature),  Lubarsch  and 
Ostertag,  Ergebnisse,  i.,  1896;  Eden,  Journ.  of  Path,  and  Bact.,  iii.  and  iv.,  1896, 
1897 ;  AscHOFF,  Lubarsch  and  Ostertag,  Ergebnisse,  v.,  1900 ;  Teacher,  Brit.  Med. 
Journ.,  June  and  July,  1903,  and  Journ.  of  Obstetrics  and  Gynaecol,  of  British 
Empire,  July,  1903;  Schlagenhadfer,  Zentralb.  f.  Gynak.,  xxvii.,  1903;  Carey, 
Johns  Hopkins  Hosp.  Bull.,  xiii.,  1902. 

0. — Thk  Mammary  Gland. 

The  mammary  gland  is  very  frequently  the  seat  of  tumours.  It  is 
also  very  liable  to  inflammations,  especially  during  lactation. 

I.— MALFORMATIONS,  INFLAMMATIONS,  ETC. 
1.  Malformations  of  the  breast. — One  or  both  mammse  may  be 
absent.    It  is  more  frequent,  however,  to  have  supernumerary  breasts 
or  nipples,  sometimes  three,  four,  or  even  five,  instead  of  two.  The 
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supernumerary  breasts  are  usually  situated  near  the  axillaj,  or  under 
the  normal  ones.  But  there  are  cases  in  which  they  have  had  a 
very  abnormal  situation,  as  in  the  inguinal  region,  on  the  thigh  or 
even  on  the  back.  They  are  usually  small  in  size,  but  in  some- 
cases  they  have  produced  milk  during  lactation.  Supernumerary 
breasts  are  more  frequent  in  males  than  females,  and  they  occur 
preponderatingly  on  the  left  side.  The  occurrence  of  additional 
mammae,  is  not  altogether  extraordinary,  considering  that  in  the  lower 
animals  the  mammas  are  usually  more  in  number  than  in  man. 

2.  Inflammation  of  the  mamma.  Mastitis.— This  occurs  not  infre- 
quently about  the  period  of  puberty  or  in  connection  with  menstruation, 
but  in  the  majority  of  cases  it  is  related  to  lactation.  In  connection 
with  lactation,  and  especially  at  its  commencement,  the  structures 
in  the  mamma  are  the  seat  of  very  active  processes ;  there  is  hyper- 
aemia  and  an  active  secretion  of  milk.  Under  these  circumstances 
inflammation  is  more  readily  induced  than  usual,  but  in  cases  of 
acute,  and  more  particularly  suppurative  inflammation,  the  actual 
presence  of  an  irritant  must  be  inferred.  It  may  happen  that  contrac- 
tion of  the  arteries  from  accidental  circumstances,  such  as  exposure 
to  cold,  is  capable  of  setting  up  inflammation.  Even  a  general  irrita- 
tion of  the  vaso-motor  centre,  when  the  skin  is  exposed  to  cold, 
may,  by  reflex  action  on  the  highly  excited  vascular  system  of  the 
mamma  at  the  commencement  of  lactation,  strongly  predispose  to 
inflammation.  The  actual  irritant  finds  access  in  most  cases  by  the 
nipple  and  lactiferous  ducts.  In  many  cases  it  takes  origin  in  cracks 
and  ulcers  of  the  nipple,  the  irritant  which  has  caused  the  lesion  in 
the  nipple  extending  along  the  tubes  and  causing  inflammation  in  the 
mamma.  On  the  other  hand,  an  infective  agent  may  extend  along 
the  ducts  from  without,  apart  from  any  preceding  lesion  of  the  nipple. 

The  inflammation  is  usually  an  acute  one,  and  is  accompanied  b}^ 
exudation,  the  interstitial  tissue  being  packed  with  leucocytes  and 
the  breast  hardened.  This  hardening  is  often  local,  as  the  inflam- 
mation is  usually  to  some  extent  limited  to  certain  parts  of  the 
breast.  Very  often  the  exudation  of  leucocytes  goes  on  to  actual 
suppuration  and  the  formation  of  Abscess,  sometimes  with  sloughing 
of  the  tissue.  The  abscess  so  formed  may  have  extensive  ramifica- 
tions in  the  mamma,  especially  if  the  pus  does  not  discharge  externall}'. 
After  evacuation  the  cavity  fills  with  granulation  tissue,  and  finally 
closes,  and  a  cicatrix  is  formed. 

A  Chronic  inflammation  resulting,  after  the  usual  manner  of  inter- 
stitial inflammations,  in  induration  of  the  organ,  has  been  described, 
but  is  not  of  very  frequent  occurrence. 
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3  Hypertrophy  of  the  mamma.— In  some  cases  the  mammae  under- 
go a  progressive  enlargement  from  the  new-formation  of  proper 
mammary  tissue.  In  this  way  the  gland  may  come  to  weigh  as- 
much  as  thirteen  pounds.  It  is  to  be  remembered  that  a  simple 
•  enlargement  of  the  fat  around  the  mamma  {lipoma  capsulare)  may 
imitate  hypertrophy,  which  may  also  be  simulated  by  diffuse  tumours- 
of  the  gland. 

4.  Tuberculosis  of  the  mamma.— This,  although  probably  rather 
frequent,  has  only  recently  been  fully  recognized,  notwithstanding  that. 


Fig.  699. — Tuberculosis  of  the  mamma.  Four  abscesses  are  seen  to  have  come  to 
the  surface. 


conditions  of  the  breast  designated  scrofulous  have  been  long  known. 
There  may  be  isolated  or  confluent  caseous  masses  which  undergo 
softening  and  may  open  spontaneously  on  the  surface.  The  result 
is  usually  the  establishment  of  a  fistulous  opening.  Probably  many 
of  the  cases  of  chronic  mastitis  and  of  cold  abscess  are  tubercular 
(see  Fig.  699). 

The  tuberculosis  of  the  mamma  may  be  secondary  to  that  of  the 
lungs  or  other  organs,  but  it  may  be  primary.  According  to  Verneuil 
the  bacilli  may  find  entrance  by  the  milk  ducts,  and  multiply  in  the. 
glandular  structures. 
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Tuberculosis  of  the  udder  occurs  not  infrequently  in  cows  which  are  the  subject 
of  tuberculosis  of  other  parts.  This  fact  is  of  importance  because  the  bacilli 
frequently  hnd  their  way  into  the  milk  in  such  cases. 

5.  Syphilis  of  the  mamma.— This  is  very  uncommon,  but  cases 
of  gumma  in  the  breast  have  been  recorded. 

Literature.— Jfa(/b?-ma«ioii.s— ScANzoNi.Krankh. der  weibl.  Bruste,  1856;  Velpeat; 
Trait6  des  malad.  du  sein,  1868  ;  Maschat,  Anom.  de  la  mammelle,  1883  ;' Mitchell 
Bruce,  Jour,  of  An  at.  and  Phys.,  xiii. ;  Sneddon,  Glasg.  Med.  Jour.,'  x.,  1878; 
Leichtenstern,  Virch.  Arch.,  Ixxiii.,  1878;  Champneys,  Med.  Chir.  Trans'.,  1887.' 
Hypertrophy— JjABAMRmvE,  Hypertr.  g6n6rale  de  la  gl.  mammaire,  1875  ;  o'lphan, 
L'Hypertrophie  mammaire,  1880.  Tuberculosis— Bvua-st,  New  York  Med.  Jour.i 
1884;  DuBAE,  Des  tuberc.  de  la  mammelle,  1881  ;  Veechebe  (Verneuil),  Des  portes 
d'entr^e  de  la  tuberculose,  1884;  Berchtold,  Ueb.  Mammatuberculose,  1890; 
Bogee  Williams,  Dis.  of  breast,  1894;  Scddder,  Amer.  Jom-n.  Med.  Sciences! 
cxvi.,  1898.  Syphilis— G-Bouo,  Contrib.  a  I'^tude  des  gommes  du  sein,  1878; 
Hutchinson  (Chancres  on  nipples),  Syphilis,  1887,  pp.  101  and  118;  Landbeau! 
Syphilomes  mammaires,  1874;  Lancereaux,  Traite  de  la  Syph.,  1866;  Bumstead 
and  Taylor,  Treat,  on  vener.  dis. 


II.— TUMOURS  OF  THE  MAMMA. 

The  female  breast  is  one  of  the  most  frequent  seats  of  tumours, 
and  they  present  considerable  variety  in  form. 

As  the  two  constituents  of  the  breast  are  the  proper  glandular 
structures  and  the  connective-tissue  stroma,  so  tumours  are  derived 
from  one  or  other  of  these,  and  belong  to  the  connective-tissue  or 
epithelial  forms.  But  the  connective-tissue  tumours  do  not  originate 
in  a  particular  small  piece  of  tissue,  and  grow  so  as  to  displace  the 
remaining  structures ;  on  the  contrary,  they  usually  involve  a  con- 
siderable portion  of  the  gland  and  sometimes  its  whole  extent.  Hence 
they  enclose  more  or  less  the  glandular  elements,  and  it  may  be 
impossible  to  say  whether  these  are  increased  so  as  to  form  an  integral 
part  of  the  tumour.  Moreover,  these  glandular  elements  are  subject  to 
great  alterations,  consisting  of  contortions  and  dilatations,  which  also 
give  their  character  to  the  tumours,  producing  fissures  and  cysts  in 
them.  Again,  the  tumour  tissue  frequently  grows  into  the  cysts,  pro- 
ducing the  so-called  intracystic  growths,  which  sometimes  assume  a 
papillomatous  character. 

It  will  be  inferred  that  the  distinction  betM'een  connective-tissue  and 
glandular  tumours  is  frequently  diflicult,  and  that  dilatation  of  the 
gland  structures,  implying,  as  it  does,  new-formation  of  these,  gives  a 
partly  glandular  character  to  a  large  proportion  of  the  tumours. 

The  atypical  mammary  tumours  show  a  great  preponderance  in 
frequency,  especially  the  cancers.    According  to  statistics  collected  by 
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Gross,  there  were  in  973  tumours,  832  cancers  (85-5  per  cent.),  and 
77  sarcomas. 

Amongst  the  typical  tumours,  the  lipoma,  chondroma,  and  myoma 
are  excessively  rare,  and  require  little  notice. 

Lipoma  occurs  doubtfully  as  a  solid  tumour  in  the  midst  of  the  gland  The 
Lipoma  capsulare  is  also  rare.  In  it  the  adipose  tissue  around  the  gland  undergoes 
great  increase,  while  the  gland  itself  atrophies.  Such  tumours  may  assume 
enormous  dimensions,  weighing  up  to  100  pounds. 

Chondroma  rarely  occurs  as  an  independent  tumour,  but  cartilage  is  sometimes 
found  in  sarcomas  and  cancers.  Bone  sometimes  exists  in  fibromas,  causing  a 
partial  conversion  of  them. 

Myoma  (leiomyoma)  sometimes  develops  in  connection  with  the  nipple.  Billroth 
observed  a  case  in  which  striated  muscle  existed  in  an  adeno-sarcoma. 

1.  Adenoma  and  Fibroma.  Adeno-fibroma.— The  boundaries  be- 
tween the  adenoma  and  fibroma  are  not  well  marked.    They  are  both 


slow-growing,  non-malignant  tumoxirs,  generally  of  hard  consistence, 
distinctly  encapsuled,  and  not  infrequently  multiple.  Many  tumours 
which  are  regarded  as  glandular  by  some  authors  are  described  as 
fibromas  by  others. 

The  Adenoma  is  a  purely  glandular  tumour.  It  occurs  either  in  the 
substance  of,  or  in  the  neighbourhood  of  the  gland.  It  has  a  fleshy 
feel  and  a  lobulated  outline.  On  section  it  is  white  in  colour  and 
frequently  shows  cysts,  but  without  intracystic  growth. 

There  is  preserved  in  the  Museum  of  the  Western  Infirmary,  Glasgow,  a  glandular 
tumour  whose  situation  was  behind  the  gland,  which  had  to  be  cut  through  in  order 
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to  remove  it.  The  tumour  was  almost  like  a  supernumerary  mamma,  and  had  to  ihe 
naked  eye  and  microscopically  very  mu6h  the  structure  of  an  inactive  mamma  (see 
Kig.  700)  The  tumour  was  removed  from  a  young  lady  aged  21,  and  had  been 
observed  for  two  years.    Towards  the  end  it  grew  more  rapidly. 

Under  the  microscope  the  adenoma  presents  elongated  and  enlarged 
acini  and  ducts  (see  Figs.  700  and  701),  and  these  commonly  show 
dilatation,  so  that  cysts  are  present  in  the  majority  of  cases. 

W  <  't\  -  ^  ^  If  ^  : 


Fig.  701. — Mammary  adenoma.    Gland  tissue  with  partial  dilatation  of  duct. 

The  Fibroma  or  Adeno-fibroma  is  a  hard  fibrous  tumour,  generally 
with  a  lobulated  outline,  and  distinctly  encapsuled.  On  section  it 
shows  a  glistening,  fibrous  appearance,  but  this  is  rarely  homogeneous. 
There  are  usually,  even  to  the  naked  eye,  indications  of  the  presence 
of  glandular  structures,  and  these  are  often  dilated  into  cysts.  The 
whole  tumour  may  be  a  congeries  of  cavities,  which  only  partly  contain 
fluid,  but  are  largely  filled  up  with  foliaceous  or  dendritic  structures 
composed  of  tumour  tissue  projecting  into  them. 

These  tumours  are  sometimes  the  seat  of  calcareous  deposition  and 
of  osseous  formation.  There  may  be  a  partial  myxomatous  trans- 
formation leading  in  this  way  to  cysts. 

Under  the  microscope  wavy  fibrous  tissue  predominates.  There  are 
also  glandular  structures  visible,  which  are  either  ill-developed  or  con- 
torted and  dilated  as  in  Figs.  701  and  702. 
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2  Myxonia.-In  this  rare  form  of  mammary  tumour,  the  mucous 
tissue  develops  from  the  stroma  of  the  gland,  and  it  may  involve  one 
or  more  lobules,  or  the  whole  gland,  which  is  then  converted  into  a 
bulky  tumour.  Sometimes  the  mucous  tissue  grows  into  the  milk 
ducts,  forming  the  Myxoma  iniracanaliculare  arborescens  of  Virchow. 

The  tissue  may  be  pure  mucous  tissue  (see  Fig.  119,  p.  293),  but 
it  is  subject  to  various  modifications.  It  may  be  unduly  cellular  so 
as  to  approach  to  the  sarcoma,  or  it  may  be  mixed  with  fat  or  fibrous 
tissue.  It  also  contains  glandular  tissue,  which  may  be  dilated  into 
cysts. 

This  form  is  more  malignant  than  the  adeno-fibroma,  being  more 
liable  to  recur  after  removal. 

3.  Sarcoma.  Adeno-sarcoma.  Cysto-sarcoma.— The  two  last-men- 
tioned names  imply  that  the  glandular  structures  take  an  important 
part  in  giving  character  to  sarcomas  of  the  mamma,  although  the 
connective-tissue  structures  are  those  essentially  engaged. 

The  line  of  demarcation  between  the  sarcoma  and  the  fibroma  is  not 
absolutely  distinct,  and  there  seems  no  doubt  that  the  latter  may 
develop  into  the  former  by  an  atypical  process  of  growth  super- 
vening. 

The  spindle-celled  sarcoma  is  the  commonest  form.  The  cells  are 
usually  small,  and  there  may  be  a  considerable  amount  of  fibrous  inter- 
cellular substance.  The  tumour  is  usually  hard  and  variously  modified 
by  the  presence  of  gland  tissue.  The  round-celled  sarcoma  is  unusual, 
and  generally  forms  a  soft  tumour.  The  cells  may  be  so  small  as  to 
be  like  lymphoid  cells,  or  they  may  be  larger.  The  giant-celled 
sarcoma  is  very  rare.  In  addition  to  the  small  cells  which  compose 
the  greater  part  of  the  growth,  there  are  large  multi-nucleated  cells 
sometimes  of  very  great  size.  The  pigmented  sarcoma  is  also  rare ; 
the  cells  are  usually  round,  but  sometimes  spindle-shaped. 

The  sarcoma  is  generally  solitary.  It  may  be  distinctly  demarcated, 
occupying  a  small  part  of  the  breast,  but  it  not  infrequently  extends  so 
as  to  involve  the  whole  mamma.  It  may  grow  slowly,  but  is  apt,  after 
a  period  of  slow  growth,  suddenly  to  enlarge  rapidly. 

The  Adeno-sarcoma  is  a  tumour  in  which  the  glandular  structures 
are  specially  abundant.  It  is  usually  a  small  comparatively  isolated 
tumour,  somewhat  resembling  the  adeno-fibroma,  and,  like  this  tumour, 
it  is  not  infrequently  multiple.  Under  the  microscope  it  usually  shows 
abundant  glandular  structures  somewhat  contorted,  with  a  spindle- 
celled  tissue  between. 

The  Cysto-sarcoma  shows  many  gradations.  There  may  be  such 
simple  dilatations  as  those  indicated  in  Fig.  702,  or  there  may  be  large 
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cavities.  Great  complication  is  sometimes  produced  by  intracysiic 
growth  ot  the  sarcomatous  tissue,  as  in  the  cystic-fibroma. 

Besides  these  variations  due  to  the  mixture  with  glandular  tissue 
the  sarcoma  is  subject  to  other  modifications.    It  may  contain  Car- 


Fig.  702.— Semi-diagrammatic  view  of  dilated  glandular  spaces  in  a  oysto-sarcoma 
of  the  mamma.  The  si^aces  are  lined  with  cj'liudrical  epithelium.  The  tendency 
to  intra-cystic  growth  is  shown,  especially  in  the  upper  one.    x  62. 

tilage,  as  in  the  case  from  which  Fig.  703  was  taken.  In  this  case  the 
tumour  contained  well-formed  fibrous  tissue  and  cartilage,  but  also, 
apparently  as  a  more  recent  development,  spindle-celled  tissue,  and  a 


Fig.  T03. — Section  of  cartilaginous  part  of  a  tumour  of  mamma  which  contained 
also  spindle-celled  and  fibrous  tissue,    x  200. 

tissue  consisting  of  closely  aggregated  cartilage  cells  with  little  hyaline 
matrix.    Bone  also  occurs  occasionally. 

Mucous  transformation  sometimes  occurs,  and  cysts  may  arise  in 
this  way.  There  is  also  fatty  degeneration,  calcareous  infiltration, 
and  hfemorrhage,  especially  in  the  quickly-growing  and  softer  forms. 
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Sarcomas  are  very  malignant.  On  removal  they  are  even  more  apt 
to  return  than  cancers,  and  they  also  tend  by  metastasis  to  give  rise 
to  secondary  tumours  in  internal  organs,  the  metastasis  occurring  by 

the  blood.  ,  .  j  • 

4  Cancer  of  the  mamma.— According  to  what  has  been  stated  in 
the  general  section  of  this  work,  we  have,  in  cancer,  an  aberrant  growth 
of  epithelium  as  the  foundation  process.  In  the  more  usual  or  ordinary 
cancers  the  process  begins  in  the  glandular  acini.  At  the  growing 
margin  of  the  tumour  the  epithelium  of  the  acini  is  seen  to  be  pro- 
liferating, so  that  the  acini  are  distended  and  enlarged.  Along  with 
the  new-formation  of  epithelium  in  the  acini  there  is  a  formation  of 
round  cells  in  the  connective  tissue  around.  The  epithelium  of  the 
acini  next  grows  through  the  basement  membrane,  forming  penetrating 
processes,  and  the  round  cells  develop  connective  tissue  which  fre- 
quently causes  great  contraction  of  the  tumour  (Scirrhus).  It  is  as  if 
the  epithelium,  growing  outwards,  acted  as  an  irritant,  causing  inflam- 
matory new-formation  in  the  interstitial  tissue  of  the  gland.  Where 
the  case  is  very  chronic  the  connective-tissue  formation  may  be  very 
pronounced,  but  when  more  acute  the  epithelial  elements  preponderate. 

A  special  group  of  cases  has  been  distinguished  by  Thin  under  the 
name  of  Duct  cancer.  The  peculiarity  of  this  class  is  that  the  lesion 
begins  in  the  large  ducts  near  the  nipple,  and  extends  from  these,  first 
to  the  smaller  ducts  and  then  to  the  glandular  parenchyma.  The 
ducts,  larger  and  smaller,  are  distended  with  growing  epithelium. 
The  tumour  in  the  gland  itself  has  the  characters  of  ordinary  cancer, 
so  that  the  name  duct  cancer  refers  chiefly  to  the  mode  of  invasion. 

Paget's  disease  or  Eczema  of  the  nipple,  also  called  Darter's 
disease,  frequently  precedes  or  accompanies  cancer  of  the  mamma, 
and  the  form  of  cancer  is  Duct  cancer.  This  association  is  impor- 
tant, from  the  fact  that  in  Paget's  disease  coccidia  are  stated  to  occur 
in  the  epithelium.  Eczema,  as  indicated  in  the  section  on  Diseases 
of  the  Skin,  is  an  inflammation  of  the  skin,  in  which  both  the 
epidermis  and  the  superficial  layers  of  the  -cutis  are  involved.  The 
superficial  or  papillary  region  of  the  skin  may  be  replaced  almost 
entirely  by  round  cells,  and  the  condition  is  somewhat  like  that  of  a 
granulating  wound.  The  epithelium  of  the  surface  takes  little  part  in 
the  process,  and  it  may  be  lost,  so  that  the  granulation  tissue  is 
exposed.  The  connection  of  this  disease  with  cancer  is  not  perfectly 
clear.  Perhaps  the  most  probable  suggestion  is  that  the  causative 
agent  begins  by  acting  on  the  surface  structures,  and  afterwards 
extends  by  the  nipple  into  the  ducts,  producing  duct  cancer.  A 
further  extension  into  the  gland  leads  to  the  lesions  of  ordinary  cancer. 
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According  to  Thin,  however,  the  cancer  of  the  ducts  is  present  from 
the  first,  but  is  concealed  by  the  eczema. 

In  its  atypical  growth  the  glandular  epithelium  sends  its  processes 
into  the  Lymphatic  spaces  of  the  connective  tissue.  There  is  com- 
monly a  further  extension  to  the  lymphatics  outside  the  gland.  These 
are  sometimes  seen  distended  by  cancerous  growth,  but  even  without 


Fig.  T04. — Section  of  cancel-  of  mamma  from  a  recent  nodule.  Epithelial  cells  in 
spaces  formed  by  connective  tissue  ;  these  are  sometimes  in  single  rows,  and  by 
multiplication  form  larger  masses,    x  200.    (Cornil  and  Ranvier.) 

this  obvious  involvement  the  infection  has  often  spread  to  the  axillary 
glands.  These  may  be  but  slightly  enlarged  and  yet  the  seat  of  distinct 
cancerous  new-formation. 

Forms  of  cancer  of  the  mamma. — The  various  forms  are  not 
absolutely  separable  one  from  the  other.  They  all  originate  in  the 
glandular  structures,  and  they  are  distinguishable  chiefly  by  variations 
in  the  proportion  of  cells  and  stroma,  and  also  by  the  transformations 
of  these. 

(ffi)  Fibrous  cancer.  Scirrhus. — This  is  the  commonest  form,  consti- 
tuting about  95-5  per  cent  of  the  cases  (Gross).  The  epithelial  masses 
form  elongated  processes  (see  under  Cancer)  in  the  midst  of  an 
excessive  stroma  composed  of  fibrous  tissue.    The  epithelial  cells  are 
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often  atrophied  so  that  in  some  parts  of  the  tumour  there  is  httle 
beyond  dense  connective  tissue.  The  cancer  commonly  forms  a  limited 
infiltration  of  a  part  of  the  gland  rather  than  a  proper  tumour,  and  as 
the  tissue  contracts  there  is  commonly  an  actual  diminution  of  bulk 
with  great  induration.    The  gland  is  distorted  and  puckered  towards 

the  affected  part.  j  -u  +1, 

Very  often  the  disease  is  continuous  with  the  nipple,  and  by  tne 
contraction  of  the  tissue  the  nipple  is  drawn  in,  sometimes  even  forming 
an  umbilicated  depression.  The  tumour  is  very  irregular  in  its  exten- 
sion in  the  gland,  and  it  very  often  happens  that  in  the  midst  of  hard 
scirrhous  tissue  some  Adipose  tissue  appears.  In  like  manner  pieces 
of  the  gland  tissue  may  crop  up  amidst  the  contracting  tumour. 

The  skin  is  frequently  involved  in  the  cancer.  The  cancer  reaching 
the  skin  sends  narrow  processes  of  epithelium  amongst  the  connective 
tissue,  which  forms  the  cutis  vera,  so  as  to  produce  an  infiltration  and 
thickening  of  this  structure.  When  the  skin  is  largely  replaced  by  the 
cancerous  tissue  Ulceration  usually  occurs,  generally  beginning  about 
the  site  of  the  nipple  and  areola.  The  ulcer,  at  first  a  mere  excoriation, 
is  liable  to  become  crater-shaped  with  dense  prominent  walls.  Some- 
times after  the  formation  of  the  ulcer  the  growth  of  the  tumour 
becomes  more  rapid. 

When  the  mamma  is  cut  into,  either  the  whole  gland  or  a  portion  of 
it  is  seen  to  be  occupied  by  a  dense  mass  of  a  greyish  colour  on  the  cut 
surface.     It  is  very  hard 
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to  cut,  and  the  cut  surface 
is  commonly  concave,  the 
elasticity  of  the  dense  con- 
nective   tissue  producing 
retraction.    In  the  general 
grey  basis  there  are  various 
whitish  or  yellowish  pieces 
which  represent  the  remains 
of  mammary  or  adipose 
tissue,   or  the  cancerous 
epithelium  in  a  state  of 
fatty  degeneration.    If  the 
cut  surface  be  scraped  a  thickish  juice  is  obtained,  which  microscopic 
examination  shows  to  be  composed  of  epithelial  cells  and  their  debris. 
Many  of  the  cells  are  large  and  well-formed  though  variously  shaped, 
while  some  may  contain  enclosures  which,  under  the  newer  views,  are 
regarded  as  parasitic.     The  cells  have  often  double  nuclei  (see  Fig. 
705).    There  are  also  free  nuclei  which  have  escaped  from  cells  as  a 


Fig.  705. — Cells  in  the  juioe  scraped  from  a  scirrlius  of 
the  mamma.  They  are  of  very  irregular  shape.  Most  of 
them  contain  several  nuclei,    x  200. 
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result  of  mechanical  interference  in  the  process  of  preparing  the  speci- 
men. Many  of  the  cells  present  fatty  degeneration ;  in  fact,  very  often 
nearly  all  contain  fatty  granules,  and  there  are  some  completely 
degenerated,  showing  nothing  but  an  aggregation  of  fat  drops  like  the 
compound  granular  corpuscle. 

The  secondary  tumours  in  the  lymphatic  glands  also  show  an 
excessive  development  of  fibrous  stroma,  which,  however,  usually  forms 
a  more  distinct  meshwork  than  that  in  the  mamma  while  the  epithelial 
cells  form  more  definite  groups. 

(b)  Soft  or  Acute  cancer.— This  forms  the  opposite  extreme  to 
scirrhus,  and  there  are  all  intervening  grades.  In  the  soft  cancer  we 
have  a  bulky  tumour  of  soft  consistence  and  rapid  growth.  There  is  a 
well-formed  alveolar  stroma,  and  the  cells  are  ^somewhat  loosely  con- 
tained in  it.  The  tumour  involves  neighbouring  tissues,  very  readily 
infiltrating  the  skin,  subjacent  muscle,  and  even  the  osseous  ribs  and 
the  pleura.  This  form  is  sometimes  present  simultaneously  in  both 
breasts.  On  section  the  tumour  presents  a  grey  brain-like  appearance 
The  juice  furnishes  numerous  cells,  which  are  arranged  in  groups.  As 
the  tumour  commonly  extends  to  the  skin,  we  may  have  ulcers  with 
fungating  prominence  of  the  tissue.  The  lymphatic  glands  are  early 
affected,  and  they  also  may  ulcerate. 

Many  large  tumours  of  the  mamma  of  comparatively  rapid  growth  do  not 
correspond  with  the  description  either  of  the  soft  or  medullary  cancer  or  of 
scirrhus.  In  their  minute  structure  they  are  more  like  scirrhus,  and  perhaps  may 
be  designated  Acute  scirrhus.  They  have  a  remarkably  fine  fibrous  stroma,  which 
forms  distinct  meshes  containing  the  epithelial  masses  more  or  less  regularly 
disposed.  The  cancer  cells  are  large  and  essentially  like  those  in  scirrhus.  The 
tumour  as  a  whole  is  hard,  owing  to  the  abundance  and  density  of  the  stroma. 

(c)  Colloid  cancer. — As  compared  with  scirrhus,  this  is  a  rare  form 
of  tumour,  constituting  about  1  -34  per  cent,  of  the  total  cases.  Colloid 
degeneration  may  aff'ect  the  cells  of  an  ordinary  cancer,  producing 
a  partial  metamorphosis,  but  in  true  colloid  cancer  the  tissue  as 
a  whole  presents  from  the  first  a  tendency  to  colloid  degeneration. 
The  entire  mamma  is  commonly  affected,  and  is  greatly  enlarged, 
while  it  presents  a  hard  feel  like  that  of  acute  scirrhus.  On  section 
the  tumour  has  a  flickering  gelatinous  appearance.  Under  the  micro- 
scope there  is  the  usual  pronounced  stroma  with  colloid  material  in 
the  meshes.  In  the  midst  of  the  colloid  masses  there  are  often  seen 
groups  of  cells,  the  remains  of  the  epithelium  (see  Fig.  203,  p.  367). 

A  very  infrequent  variety  is  sometimes  described  as  Mucous  cancer. 
It  forms  a  large  gelatinous  tumour  which,  on  microscoijic  examination. 
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shoxvs  epithelial  masses  embedded  in  a  gelatinous  flickering  stroma. 
It  is  probably  a  variety  of  colloid  cancer. 

Cysts  are  not  of  frequent  occurrence  in  cancers,  but  an  some  cases 
cystic  formation  is  so  characteristic  as  to  warrant  the  name  of  Cystic 


cancer. 


5  Cysts  of  the  mamma.— It  has  been  already  pointed  out  that 
cysts  frequently  complicate  other  tumours,  especially  adeno-fibromas  or 
sarcomas,  and  sometimes  cancers.  Cysts  also  occur  independently,  and 
they  too  originate  most  frequently  in  the  gland  structures. 

Most  cysts  of  the  mamma  belong  to  the  group  of  Retention  cysts, 
arising  in  consequence  of  obstruction  of.  the  ducts.  The  cause  of 
obstruction  is  sometimes  an  interstitial  inflammation,  and  in  that  case 
the  cysts  will  usually  be  small  and  multiple,  just  as  they  ■  are  in  the 
kidneys  in  interstitial  nephritis.  In  other  cases  the  cause  is  obscure,  and 
as  the  cysts  may  assume  a  large  size  their  origin  is  perhaps  embryonic. 

(1)  Multiple  cysts  in  old  people  ilnvohdion  cysts)  occur  in  connection 
with  the  involution  of  the  gland.  The  cysts  are  usually  small,  about 
the  size  of  small  shot  or  hemp-seed,  but  may  be  larger.  When  un- 
opened they  have  a  greenish  or  blackish  appearance,  and  they  contain 
a  glairy  fluid  in  which  fat  and  epithelial  cells  are  present. 

(2)  Simple  cysts  may  grow  to  a  large  size,  forming  tense  thin-walled 
sacs.  They  are  usually  single,  but  if  of  small  size  they  may  be 
multiple.  Their  contents  vary  considerably,  being  usually  serous  or 
sero-sanguineous,  but  sometimes  they  are  deep  brown  in  colour,  and 
contain  fat  and  cholestearine.  In  some  cases  they  contain  milky  fluid, 
in  which  case  they  are  called  galactoceles. 

(3)  Galactoceles  or  Lacteal  cysts  arise  usually  when  the  gland  is 
active.  They  are  found  chiefly  in  the  neighbourhood  of  the  nipple, 
arising  by  dilatation  of  the  larger  ducts.  They  contain  milk,  usually 
like  ordinary  milk,  but  sometimes  altered  so  as  to  resemble  cream  or 
thickish  oil,  or  curd,  or  butter.  These  cysts  are  usually  solitary,  and 
are  rare. 

(4)  Connective  tissue  cysts  have  been  described  and  are  supposed 
to  be  of  lymphatic  origin.  They  have  thick  walls  and  indurated 
connective  tissue  around  them.  Hence  they  resemble  scirrhus  in  their 
clinical  aspects.  The  internal  surface  is  lined  with  flat  endothelium. 
The  cysts  are  single  or  multiple. 

Parasites  in  the  mamma. — The  only  parasite  of  any  consequence  is 
the  Echinococcus  which  forms  hydatid  cysts.  These  may  be  with 
difiiculty  discriminated  from  simple  cysts,  and  as  there  is  sometimes 
considerable  induration  around  them,  they  may  also  be  mistaken  for 


cancers. 
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The  Cysticercus  cellulose  has  also  been  observed  in  the  mamma 
(Guermonprez). 
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Subsection  XL— DISEASES  OF  THE  MALE  GENERATIVE 

OEGANS. 

A.— The  Testicle  and  Tunica  Vaginalis. 

1.  Malformations  and  Misplacements  of  the  testicle.— The  testicle 
may  be  absent  on  one  or  both  sides,  while  the  vesicute  seminales 
and  vasa  deferentia  are  perfect.  Or  the  vas  deferens  may  be  deficient 
while  the  testis  is  well  developed. 

Imperfect  descent  of  the  testis,  or  Cryptorchismus,  is  a  very 
frequent  and  important  condition.  The  descent  of  the  testis  occurs 
normally  before  birth,  but  in  a  considerable  number  of  cases  the 
organ  has  not  yet  appeared  externally  at  birth.  In  the  majority  of 
such  cases  it  comes  down  within  the  first  week,  but  it  is  sometimes 
delayed  for  months  or  a  year,  or  even  till  puberty.  When  thus 
delayed  the  descent  is  very  often  imperfect,  so  that  the  gland 
remains  ia  the  inguinal  canal  or  at  the  ring.  On  the  other  hand, 
the  testis  may  be  retained  throughout  life  in  the  abdomen.  The 
testicle  retained  in  the  abdomen  or  on  the  way  down  is  usually  imper- 
fectly developed,  and  although  apparently  of  normal  size,  it  does  not 
generally  contain  spermatozoa  in  its  tubules.  It  is  also  more  prone  to 
Inflammation  and  to  the  Formation  of  tumours  than  the  normally 
placed  testis,  especially  when  retained  in  the  inguinal  canal,  where  it  is 
exposed  to  external  violence.  Gangrene  is  also  of  occasional  occurrence 
in  a  retained  testicle.  It  may  arise  from  inflammation  occurring  while 
the  testis  is  in  a  restricted  space,  more  especially  in  the  groin,  or  it 
may  result  from  torsion  of  the  cord  including  its  artery.    When  it  is 
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late  in  descending,  the  accompanying  pouch  of  peritoneum  which 
forms  the  tunica  vaginalis,  is  apt  to  remain  open  and  so  to  induce  a 

Congenital  hernia.  i,    +  f 

Besides  these  congenital  misplacements,  we  may  have  the  testis 
descending  into  the  crural  canal,  or  into  the  perineum. 

2.  Inflammation  oftesticle  and  epididymis.  Orchitis.  Epididymitis. 
—Most  inflammations  begin  in  the  epididymis,  and  may  remain  limited 
to  it  or  extend  to  the  testicle.  As  regards  its  causation  two  groups 
of  cases  are  recognizable,  one  in  which  an  aftection  of  the  urethra  has 
preceded  the  disease,  and  the  other  in  which  the  infection  has  occurred 

through  the  blood. 

To  the  first  group  belong  cases  of  urethritis,  chiefly  gonorrhoeal,  also 
cases  in  which  the  inflammation  has  succeeded  catheterization.  In 
explanation  of  the  transference  of  the  inflammation  from  the  urethra 
to  the  testis  the  terms  metastasis  and  sympathy  have  been  used.  It 
may  be  that  reflex  contraction  of  the  vessels  of  the  testicle  may  induce 
an  orchitis,  but  there  seems  little  doubt  that  in  most  cases  there  is  an 
actual  propagation  of  the  inflammation  by  the  vas  deferens.  In  the 
case  of  gonorrhoea  as  well  as  in  septic  urethritis  following  catheteriza- 
tion, symptoms  of  inflammation  along  the  vas  deferens  have  been 
noted. 

Orchitis  is  an  occasional  accompaniment  of  Parotitis  or  Mumps.  It 
is  probable  that  here  the  two  local  manifestations  are  due  to  the  specific 
infection  which  is  present  in  the  blood.  Orchitis  also  occasionally 
accompanies  or  succeeds  certain  other  general  diseases,  such  as  typhoid 
fever,  small-pox,  gout,  scarlet  fever,  and  acute  tonsillitis. 

The  inflammation  usually  begins  in  the  epididymis,  and  generally 
remains  almost  limited  to  that  structure.  There  is  hypersemia  and 
serous  exudation  producing  great  swelling.  At  the  same  time  there  is 
often  serous  fluid  in  the  tunica  vaginalis.  The  testis  itself  is  usually 
but  slightly  swollen.  There  may  be  resolution  without  suppuration, 
or  the  disease  may  become  chronic,  or  suppuration  may  occur.  In  the 
latter  case  an  abscess  or  abscesses  form  in  the  epididymis  or  testicle, 
and  these  may  burst  externally.  On  the  other  hand,  the  abscess  may 
dry-in  and  form  a  caseous  mass,  which  becomes  surrounded  by  a  fibrous 
capsule.    This  mass  may  ultimately  become  calcareous. 

Chronic  orchitis  may  arise  out  of  an  acute  attack,  whether  suppura- 
tive or  not.  Most  cases  of  so-called  spontaneous  orchitis  are  really 
syphilitic  or  tubercular.  The  ordinary  chronic  orchitis  is  characterized 
by  new-formation  of  connective  tissue  in  the  stroma  of  the  organ,  and 
consequent  induration  of  it.  The  tubules  atrophy  and  the  whole  organ 
is  reduced  in  bulk  and  hardened.    Generally  on  section  it  can  be  seen 
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that  the  tunica  albuginea  and  the  septa,  which  proceed  towards  the 
mediastinuni,  are  greatly  thickened.  At  the  same  time  there  is  fre- 
quently adhesion  of  the  tunica  vaginalis  so  as  to  obliterate  the  sac 

3.  Syphilitic  disease  of  the  testicle. -This  occurs  in  two  forms 
namely,  as  a  late  manifestation  of  the  secondary  stage  or  as  a  tertiary 
lesion.  In  the.  former  case  there  is  a  generalized  inflammation  leading 
to  induration  like  a  chronic  orchitis.  The  albuginea  is  thickened  and 
the  trabeculfB  are  enlarged  as  they  converge  towards  the  mediastinum. 
In  the  tertiary  form  there  is  more  abundant  granulation  tissue  along 
with  gummata.  The  gummata  may  undergo  caseous  necrosis,  and  by 
coalescence  of  neighbouring  tumours  we  may  have  considerable  masses 
of  caseous  material.  In  the  midst  of  this  caseous  material  the  outlines 
of  the  seminal  tubes  can  sometimes  be  made  out,  indicating  that  the 
necrosis  has  overtaken  the  proper  tissue  as  well  as  the  new-formed. 

4.  Tuberculosis  of  the  testicle.— This  is  a  somewhat  frequent  disease, 
occurring  not  uncommonly  in  childhood  and  youth.   The  path  by  which 

^  the  tubercle  bacillus  reaches  the  organ 

has  not  been  unequivocally  deter- 
mined.   The  fact  that  the  epididymis 
is  usually  the  primary  seat  suggests 
an  extension  from  the  urethra,  as  in 
the  case  of  gonorrhoeal  epididymitis. 
But  in  the  present  case  tuberculosis 
of  the  urethra  does  not  precede  that 
of  the  testicle,  and  it  is  difficult  to 
believe  that  the  bacilli  can  travel  up 
the  long  urethra  of  the  male  and 
thence  along  the  vas  deferens,  in  both 
cases  against  the  current  of  the  fluid 
conveyed  by  these  tubes,  in  order  to 
lodge  in  the  epididymis,  and  that 
without  producing  any  disease  in  the 
passage.     It  is  more  probable  that 
infection  is  through  the  blood,  the 
condition  being  analogous  to  tuber- 
culosis of  the  bones.    This  conclusion  is  confirmed  by  the  fact  that 
injury  to  the  testis  is  undoubtedly,  in  some  cases,  an  element  in  the 
causation. 

As  a  general  rule  the  tuberculosis  begins  in  the  epididymis.  The 
result  is  great  thickening  and  the  formation  of  a  caseous  mass,  enclosed 
very  often  in  a  firm  fibrous  capsule.  Thus  a  firm  elongated  tumour 
may  form  behind  and  partly  surround  the  testicle  (Fig.  706).    In  the 


Fig.  "06. — Tuberculosis  of  testicle.  The 
epididymis  is  gi-eatly  enlarged  and  partly 
surrounds  the  testicle. 
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testicle  also  caseous  centres  form,  at  first  isolated,  but  afterwards 
runnin-  together  into  considerable  masses.  The  caseous  masses  are 
very  dense,  but  after  a  time  they  generally  break  down,  and,  havmg 
burst  externally,  troublesome  fistulte  are  the  consequence. 

When  the  testicle  is  examined  in  section  the  caseous  structure  is 
seen  to  be  surrounded  by  a  transparent  grey  tissue,  in  which  tubercles 
are  present.  This  inflammatory  and  tubercular  structure  by  its  pres- 
sure destroys  the  tubules  for  the  most  part,  and  portions  of  necrosed 
tubules  are  sometimes  expelled  along  with  the  softened  caseous 
material. 

Tuberculosis  of  the  testicle  sometimes  leads,  after  it  has  discharged 
externally,  to  a  protrusion  of  the  testicular  tissue,  constituting  the 
so-called  Fungus  testis  or  Hernia  of  the  testis.  A  similar  result 
sometimes  occurs  in  Syphilis.  The  dense  tunica  albuginea,  when 
stretched  by  the  new-formation,  may  force  the  tissue  through  the 
opening  so  that  it  protrudes  externally.  The  protruded  mass  contains- 
tubules,  and  is,  in  fact,  the  everted  tissue  of  the  testicle. 

As  previously  mentioned,  tuberculosis  of  the  testis  often  extends- 
along  the  vas  deferens  to  the  vesiculse  seminales,  prostate,  and  bladder, 
and  sometimes  from  the  bladder  to  the  ureters  and  kidney.  There  is 
a  tuberculosis  along  this  whole  course,  and  not  a  mere  conveyance  of 
the  bacillus  along  intact  channels. 

5.  Tumours  of  the  testicle. — These  are  mostly  somewhat  malignant 
in  their  characters,  and  there  is  a  peculiar  tendency  to  a  mixed 
structure. 

Enchondroma  is  not  infrequent  in  the  testicle.  It  is  usually  mixed 
with  other  forms,  but  it  may  occur  pure.  As  the  tissue  here  is  hetero- 
logous it  often  shows  malignancy.  Thus  it  has  been  found  growing 
into  the  lymphatics  and  blood-vessels  around,  and  it  forms  secondary 
tumours  in  the  lungs.  For  the  rest,  the  occasional  occurrence  of 
iibromas,  lipomas,  myomas  of  the  striated  variety,  and  even  osteomas, 
has  been  observed. 

Cystic  tumours. — The  cystic  tumours  of  the  testicle  show  consider- 
able analogies  with  those  of  the  mamma  and  are  capable  of  a  somewhat 
similar  division.  The  cysts  in  all  cases  originate  in  gland  tissue,  which 
is  believed  by  some  to  be  the  regular  seminal  tubules,  but,  according  to 
Eve,  is  rather  the  rudiments  of  the  Wolffian  body  which  are  retained 
at  the  hilum  of  the  testis.  We  have  seen  similar  remains  exist  at  the 
hilum  of  the  ovary.  The  tumours  originate  chiefly  at  the  hilum,  and 
the  tissue  of  the  testis  may  be  spread  over  them. 

The  tumours  may  be  of  considerable  size,  and  present  cysts  of 
various  shapes  and  sizes.    The  cysts  are  usually  lined  with  cylindrical 
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epithelium  which  is  sometimes  ciliated.  The  epithelium  sometimes 
has  the  characteristic  goblet  form,  such  as  that  in  the  colloid  ovarian 
cystoma. 

The  stroma  varies  greatly  in  structure.  It  may  be  fibrous,  in  which 
case  the  tumour  may  be  called  an  Adeno-fibroma  or  a  Cystic-fibroma, 
or  it  may  be  sarcomatous,  in  which  case  the  term  Adeno-sarcoma  or 
Cystic  sarcoma  is  used.  In  some  cases  it  has  the  structure  of  mucous 
tissue,  hence  Cystic  myxoma.  It  is  not  uncommon  to  find  portions  of 
•cartilage  in  the  stroma,  and  portions  of  striated  and  of  smooth  muscle 
have  been  found. 

Dermoid  cysts  and  Teratomas  are  also  met  with  having  a  complex 
structure  like  those  of  the  ovary  and  containing  hairs  and  sebaceous 
matter.  Recently  structures  resembling  those  met  with  in  chorion- 
epithelioma  have  been  found  in  certain  tumours  of  the  testis. 

The  spermatocele  is  also  properly  a  cyst  of  the  testicle,  but  it  is 
■considered  below  alohg  with  hydrocele. 

Sarcomas  occur  frequently  mixed  with  the  tissue  of  other  tumours, 
as  the  myxoma,  enchondroma,  etc.  Even  when  the  tumour  is  a  pure 
sarcoma  there  may  be  combined  the  structures  of  various  forms  of  this 
tumour,  spindle  cells,  round  cells,  and  mucous  tissue.  There  may, 
however,  be  a  simple  round-celled  sarcoma.  The  sarcomas  generally 
form  large  tumours  of  soft  consistence  and  rapid  growth,  and  usually 
originate  in  the  substance  of  the  testicle.  They  occur  in  comparatively 
young  persons,  and  are  prone  to  metastasis,  the  secondary  tumours 
occurring  mainly  in  the  lungs. 

Cancer  of  the  testicle  connects  itself  with  the  cystic  and  adenoid 
sarcomas.  It  appears  that  not  infrequently  the  glandular  tissue  in 
these  tumours  has  more  of  the  irregular  atypic  cancerous  character 
than  of  the  strictly  glandular,  and  in  particular  the  epithelial  masses 
■do  not  possess  a  membrana  propria.  These  characters  are  also  ex- 
pressed in  the  fact  that  sometimes  these  tumours  extend  to  the 
neighbouring  lymphatic  glands,  while  others  penetrate  more  readily 
into  the  veins. 

True  cancer  of  the  testis  is  usually  a  large  quickly  growing  soft 
tumour — Medullary  cancer.  It  involves  the  whole  organ  as  well  as 
the  epididymis,  converting  them  together  into  a  massive  tumour  (see 
Fig.  701).  It  may  also  extend  along  the  vas  deferens,  and  to  the 
lymphatic  glands — inguinal,  lumbar,  and  pre-vertebral.  From  these 
glands  it  may  extend  to  the  radicles  of  the  portal  vein  and  so  produce 
tumours  in  the  liver,  or  more  frequently  to  the  radicles  of  the  vena 
cava,  producing  tumours  in  the  lungs.  In  the  midst  of  the  tumour  we 
may  have  cysts  formed  by  mucous.  ,or  fatty  degeneration. 
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The  cancerous  tissue  is  derived  from  the  epithelium  of  the  seminal 
tubules,  and  the  stroma  from  the  interstitial  tissue.  In  a  case  of  cancer 
of  the  testicle  in  an  infant  the  author  found  the  interstitial  tissue 
presenting  the  characters  of  mucous  tissue.  It  is  necessary  to  mention 
that  tumours  may  arise  in  con- 
nection with  the  blood-vessels, 
which  have  a  resemblance  in 
their  structure  to  cancers,  but 
which  are  properly  plexiform 
angio-sarcomas. 

6.  Hydrocele. — By  this  name 
is  meant  the  accumulation  of 
jfluid  in  the  tunica  vaginalis. 
The  fluid  is  serous  and  the  cause 
of  its  accumulation  is  believed 
by  some  to  be  inflammation.  On 
the  other  hand  the  absence  of 
pain  and  the  infrequency  of 
adhesion  of  the  sac  are  in  favour 
of  a  non-inflammatory  origin,  and 
the  hydrocele  may  be  the  result 
of  a  local  dropsy  to  which  the 
dependent  position  of  the  sac 
predisposes.  Cases  of  Acute 
hydrocele  have  been  observed 
in  which  the  disease  is  undoubtedly  inflammatory,  fibrins  being  de- 
posited on  the  surface  as  well  as  fluid  accumulated  in  the  sac. 

In  ordinary  Chronic  hydrocele  fluid  slowly  accumulates  and  distends 
the  sac,  and  so  a  bulky  tumour  is  formed  which  is  pear-shaped  with  its 
blunt  end  downwards.  The  fluid  is  usually  a  clear  serum  with  a 
specific  gravity  of  1022  to  1024,  but  sometimes  it  is  slightly  opalescent. 
In  the  true  hydrocele  this  is  not  from  the  presence  of  spermatozoa,  but 
from  the  existence  of  fine  fat  drops,  resulting  from  degeneration  of  the 
leucocytes  floating  in  the  fluid.  Cholestearine  crystals  may  be  formed 
in  this  way. 

Not  infrequently  haemorrhage  occurs,-  most  commonly  as  the  result 
of  a  blow  or  other  injury,  and  the  hydrocele  becomes  a  Hsematocele. 
The  blood  usually  coagulates,  and  the  coagulum  in  time  undergoes 
various  changes,  softening  into  a  brown  pultaceous  material  or  into  a 
brown  turbid  fluid,  in  which  are  enormous  numbers  of  cholestearine 
crystals.  The  blood  seems  to  act  as  an  irritant  to  the  tunica  vaginalis, 
causing  often  a  very  great  thickening  of  it.    The  interior  also  is  rough 


Fig.  707.— Cancer  of  the  testicle. 
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^ind  sometimes  presents  considerable  projections.  The  thickened  cyst 
may  contract  somewhat  so  that  the  tumour  is  reduced  in  size  This 
thickening  of  the  wall,  even  when  the  contents  are  fluid,  may  cause  the 
h^ematocele  to  be  mistaken  for  a  solid  tumour,  and  castration  has  often 
been  performed  under  this  belief 

A  hydrocele  or  hsematocele  may  be  cured  by  the  fluid  being  absorbed 
the  result  being  adhesion  of  the  opposed  surfaces  of  the  tunica  vaginalis 
and  obliteration  of  the  sac. 

In  the  condition  named  Congenital  hydrocele  the  tunica  vaginalis 
retains  its  communication  with  the  peritoneal  cavity.  The  fluid  may 
come  from  the  peritoneal  cavity,  or  it  may  originate  as  in  an  ordinary 
hydrocele.  It  can  be  pressed  back  into  the  peritoneum  through  the 
neck.  It  will  be  understood  that  a  congenital  hernia  may  coincide  or 
alternate  with  this  form  of  hydrocele. 

7.  Spermatocele.  Encysted  hydrocele.— In  this  afl"ection  there  is  a 
cyst  having  in  many  cases  much  the  external  appearance  of  hydrocele, 
but  containing  a  fluid  in  which  spermatozoa  are  abundantly  present. 
In  other  respects  also  the  condition  diff"ers  from  that  of  hydrocele,  for 
we  have  here  not  merely  an  accumulation  in  an  existing  sac,"  but  a 
proper  new-formed  cyst.  Hence  the  name  Encysted  Hydrocele  is  often 
used  as  equivalent  to  spermatocele.  The  cyst  is  most  frequently  single, 
but  there  may  be  many. 

The  cyst  arises  in  connection  with  the  epididymis  for  the  most  part, 
and  probably  takes  origin  in  one  or  more  aberrant  tubules  which 
form  blind  diverticula  from  the  seminal  tubules.  It  usually  arises 
near  the  upper  end  of  the  epididymis,  but  it  may  occur  at  the  lower 
end  or  may  arise  from  the  rete  testis.  The  cysts  often  enlarge,  and 
sometimes  grow  into  the  sac  of  the  tunica  vaginalis,  pushing  one  layer 
of  the  wall  against  the  other.  As  a  rule,  the  tunica  vaginalis  is  found 
below  and  in  front  of  the  cyst,  this  position  being  connected  with  the 
origin  of  the  cyst  in  the  neighbourhood  of  the  epididymis. 

The  fluid  from  these  cysts  has  a  peculiar  opalescent  appearance, 
which  is  due  to  the  presence  of  multitudes  of  lively  spermatozoa.  The 
existence  of  these  shows  that  the  cyst  has  retained  its  connection  with. 
the  seminal  tubules.  The  cyst  is  usually  lined  with  ciliated  epi- 
thelium, but  in  large  ones  the  pressure  of  the  fluid  may  cause  these 
cells  to  assume  the  pavemented  form. 

It  will  be  noted  that  the  spermatic  cysts  are  comparable  in  their 
origin  to  the  parovarian  cysts. 

Other  forms  of  hydrocele  have  been  described,  but  they  require  only 
a  passing  notice.  There  may  be  an  encysted  hydrocele  without 
spermatozoa  in  the  fluid.    Then  there  is  encysted  hydrocele  of  the 
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cord,  sometimes  arising  by  a  portion  of  the  communication  between  the 
tunica  vaginalis  and  the  peritoneum  remaining  unobliterated  and 
becoming  the  seat  of  an  accumulation  of  fluid.  There  is  also  a  diffused 
hydrocele  of  the  cord,  in  which  there  is  an  oedematous  condition  of  the 
connective  tissue  around  the  spermatic  cord.  There  may  even  be  a 
hydrocele  arising  from  a  hernial  sac,  which  has  become  emptied  of  its 
contents  and  shut  off  from  the  peritoneum  by  adhesion  of  the  "neck. 

8.  Some  other  affections  of  tunica  vaginalis.— Free  bodies  are  not 
infrequently  met  with  in  the  sac.  The  bodies  are  somewhat  similar  to 
those  found  in  the  sheaths  of  tendons  and  elsewhere.  Their  numbers 
vary  in  individual  cases,  but  they  have  been  found  up  to  several 
thousands  in  one  case. 

Tuberculosis  of  the  tunica  vaginalis  occurs  by  secondary  extension 
from  the  testicle  on  the  one  hand  and  from  the  peritoneum  on  the 
other.  The  latter  can  only  occur  when  the  original  communication 
between  the  tunica  vaginalis  and  the  peritoneal  cavity  remains  open,  as 
in  congenital  hernia,  and  a  tubercular  peritonitis  happens  to  supervene. 
Gases  of  this  kind  are  observed  in  children.  The  testicle  is  liable  to  be 
involved  by  further  extension. 

Tumours  of  the  tunica  vaginalis. — The  principal  form  of  tumour 
observed  is  the  Sarcoma.  The  tumours  are  liable  to  grow  round  the 
testicle  and  compress  it. 

Literature. — Jacobson,  Diseases  of  the  male  organs,  1893.  Cueling,  Dis.  of 
testis,  4tli  ed.,  1878;  Kocher,  Krankh.  d.  Hodens,  1874.  Gangrene — Jacobson, 
I.e.,  p.  55;  Nash,  St.  Barth.'s  Hosp.  Eep.,  xxix.,  193.  Tumours — Eve  (Cystic 
testicle),  Vircli.  Arch.,  ciii.,  1886;  Paget  (Enchondroma  and  other  tumours), 
Surg.  Path.,  1870;  Schlagenhaufek,  Zentralb.  f.  gyniik,  xxvii. ,  1903.  Tuber- 
culosis— Eeclus,  Du  tubercule  du  testicule,  1876;  Waldstein,  Virch.  Arch.,  Ixxxv., 
1881.  See  literature  of  Tuberculosis.  Syphilis— Heclvs,  Syph.  du  testicule,  1882, 
and  Gaz.  Hebd.,  1883.  See  literature  of  Syphilis.  Tunica  vaginalis— SvLikti  (free 
bodies,  with  literature),  Virch.  Arch.,  cxl.,  1895  ;  Stiles  [tuberculosis),  Edin.  Hosp. 
Kep.,  ii.,  1894. 

B.— The  Penis,  Scrotum,  Prostate,  and  Vesicul^  Seminales. 

1.  The  Penis.— Ulcers  or  Chancres  are  the  commonest  forms  of 
disease.  The  soft  chancre  is  an  ulcer  which  has  its  usual  seat  on  the 
glans  or  frsenum.  (See  further  under  Skin  diseases.)  The  hard  chancre 
is  the  primary  syphilitic  sore,  and  as  such  has  already  been  described. 

Another  syphilitic  manifestation  is  the  Condyloma,  which  forms  a 
warty  outgrowth  sometimes  of  considerable  size.  There  may  be  large 
groups  of  papillaj  forming  a  cauliflower-like  tumour. 

Gummata  are  very  rare  in  the  penis,  but  they  do  occur.  They  are 
stated  to  be  in  some  cases  the  precursors  of  cancer. 
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Tuberculosis  of  the  penis  is  rare,  but  cases  are  recorded  in  which  the 
prepuce  has  become  infected  as  a  result  of  the  rite  of  circumcision 
being  performed  by  a  person  affected  with  tuberculosis  of  the  lungs. 

Cysts  occasionally  occur  on  the  prepuce  and  raphe.  They  are  often 
congenital. 

Cancer  of  the  penis  occurs  in  the  form  of  epithelioma.  It  begins 
usually  in  the  glans,  and  the  tumour  is  often  covered  with  prominent 
papillae,  which  give  it  a  highly  characteristic  warty  appearance,  like  the 


Fig.  70S. — Epithelioma  of  the  penis. 


cauliflower  excrescence.  The  papillae  are  sometimes  greatly  elongated 
like  villi,  so  as  to  appear  almost  filiform  in  appearance.  The  tumour 
may  remain  long  without  ulceration,  but  usually  sooner  or  later  breaks 
down,  and  there  are  sometimes  deep  ulcerating  fissures  or  fistulas 
between  the  groups  of  papillae.  In  Fig.  708  the  appearances  met  with 
in  three  cases  of  epithelioma  of  the  penis  are  shown. 

2.  The  Scrotum. — Cancer  is  somewhat  common,  and  the  disease  is 
so  frequent  amongst  chimney-sweepers  that  it  is  often  called  chimney- 
sweepers' cancer.  In  Glasgow  it  has  been  found  that  workers  in 
paraffin  refineries  are  also  liable  to  this  disease.  It  generally  forms  a 
flat  tumour  from  the  surface  of  which  prominent  papilte  protrude.  In 
time  ulceration  occurs  and  the  testicle  may  be  exposed.  Dark  pigmen- 
tation of  the  skin  is  not  infrequent  around  the  cancer. 
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Elephantiasis  of  the  scrotum  is  referred  to  and  illustrated  in  the 

general  part  of  the  work. 

Lymph  scrotum  has  already  been  referred  to  in  connection  with  the 
filaria  sanguinis.  In  it  there  is  a  varicose  condition  of  the  lymphatic 
vessels  of  the  scrotum  with  the  formation  of  vesicles  in  the  skin.  These 
frequently  burst  and  discharge  fluid.  In  some  cases  the  filaria  is 
present  in  the  blood.  The  lymphatic  glands  of  the  groin  are  indurated, 
and  the  dilatation  of  the  lymphatics  has  been  ascribed  to  the  obstruc- 
tion of  these  vessels  in  the  glands  by  the  embryo  filarise. 

3.  The  Prostate. — A  very  important  lesion  of  this  structure  is 
Hypertrophy.  The  common  enlargement  of  old  age  is  due  chiefly  to 
increase  of  the  muscular  substance.  This  enlargement  exists  in  about 
30  per  cent,  of  men  above  60  years  of  age.  It  develops  slowly  without 
any  apparent  cause,  and  in  this  respect  has  the  characters  of  a  tumour 
(see  Fig.  669,  p.  1124).  Sometimes  the  prostate  enlarges  uniformly, 
and  it  may  reach  the  size  of  the  fist.  But  sometimes,  with  or  without 
a  general  enlargement,  there  is  a  more  local  hypertrophy,  forming  the 
so-called  third  lobe  of  the  prostate,  which  projects  inwards  at  the  neck 
of  the  bladder,  and  is  sometimes  so  large  as  to  act  like  a  valve  to  the 
orifice  of  the  urethra.  This  third  lobe  scarcely  exists  as  a  visible  lobe 
when  the  normal  prostate  is  examined  after  laying  open  the  bladder, 
and  when  thus  visible  it  is  entirely  a  new-formation.  The  effect  of 
enlargement  of  the  prostate  on  the  urethra  is  important.  If  there  is 
a  general  enlargement  the  urethra  is  necessarily  elongated  in  its  pro- 
static portion,  and  whereas  normally  this  portion  measures  1 1  inches  in 
length  it  may  come  to  be  4  inches.  At  the  same  time  the  tube  may  be 
narrowed  and  even  distorted.  If,  for  instance,  the  central  part  of  the 
prostate  part  is  specially  hypertrophied,  then  the  urethra,  being  pushed 
upwards,  has  on  section  a  crescentic  shape  with  the  convexity  upwards ; 
or  if  one  side  is  larger  than  the  other,  there  will  be  a  convexity  towards 
the  opposite  side. 

Besides  this  muscular  hypertrophy  the  more  unusual  hypertrophy 
of  the  glandular  structure  is  to  be  mentioned.  The  glandular  structure 
may  increase  with  the  muscular,  but  sometimes  it  enlarges  by  itself,  so 
that  we  have  an  adenoma  of  the  prostate. 

Cancer  of  the  prostate  is  not  of  frequent  occurrence.  The  gland 
enlarges  and  the  disease  is  apt  to  extend  to  neighbouring  structures. 
(Fig.  709.) 

Tuberculosis  occurs  not  infrequently  in  the  prostate  and  vesiculae 
seminales  in  conjunction  with  similar  disease  in  other  parts  of  the 
genito-urinary  passages.  There  is  caseous  necrosis  with  ulceration  as 
usual,  and  this  may  cause  even  perforation  into  the  rectum  or  bladder. 

4g 
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Concretions  are  of  very  frequent  occurrence  in  the  prostate  in 
old_  persons.  They  are  formed  in  the  gland-ducts  and  are  of 
various  sizes,  up  to  the  size  of  a  grain  of  corn.  When  small  they 
are  colourless,  but  as  they  enlarge  they  frequently  become  blackish 
or  reddish  brown  in  colour.  They  are  round  or  oval  in  form  and 
frequently  present  concentric  stratification.  They  have  usually  a 
central  cavity.    These  bodies  mostly  present  the  character  of  amyloid 


Fig.  709. — Cancer  of  the  prostate. 


bodies,  giving  a  bluish  or  mahogany  red  colour  with  iodine,  and  the 
usual  bright  red  colour  with  methylviolet  (see  under  Amyloid  Degene- 
ration). Often  they  contain  lime  salts  in  their  substance.  They  may 
pass  into  the  urethra  and  escape  with  the  urine.  While  in  the  pros- 
tate they  do  not  as  a  rule  produce  much  disturbance,  but  occasionally 
they  are  found  in  association  with  suppurative  prostatitis.    (Fig.  710.) 

4.  Spermatic  cord  and  vesiculae  seminales. — The  spermatic  cord,  in 
the  part  of  its  course  outside  the  inguinal  canal,  is  liable  to  varicose 
dilatation  of  its  veins  constituting  Varicocele  (see  under  Affections 
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of  Veins).  There  occurs  also  occasionally  haemorrhage  into  the  cord 
constituting  a  hsematoma. 

Tuberculosis  is  a  somewhat  frequent  disease  in  the  cord  and  vesiculse 
seminales.  It  arises  by  extension  from  the  testicle.  The  disease  may 
be  unilateral  and  in  the  vesiculse  seminales  it  may  lead  to  a  very  marked 
one-sided  enlargement.    There  are  the  usual  phenomena  of  thickening 


Fig.  710.— Prostatic  calculi  associated  with  suppurative  prostatitis. 

by  new-formation  of  granulation  tissue  and  tubercles  and  caseous 
necrosis.  There  may  be  also  considerable  ulceration  with  discharge  of 
the  products  into  the  urethra.  The  tuberculosis  may  further  extend  to 
prostate,  bladder,  ureter,  and  kidney. 

Concretions  like  those  in  the  prostate  are  sometimes  found  in  the 
vesiculse  seminales. 

Literature. — Penis;  Oummata — Ozanne,  Eev.  de  la  Chir.,  1883.  Tuberculosis — 
Lehmann,  Deutsch.  med.  Woch.,  1886,  Nos.  9-13 ;  Loewenstein,  Die  Impftuber- 
culose  des  Praput.,  1889;  Kbaske,  Ziegler's  Beitriige,  x.,  1891,  p.  204.  Cysts, 
(with  literature),  Edington,  Glas.  Med.  Journ.,  xlix.,  1898. 


SECTION  XL 


DISEASES  OF  THE  SKIN  AND  ITS  APPENDAGES 

Introduction,  as  to  normal  structure.  I.  Hypersemia,  Hasmorrhage,  and  CEdema 
including  Angloneuroses.  II.  Retrograde  changes.  1.  Atrophies  of  skin, 
hair,  and  pigment ;  2.  Pigmentations ;  3.  Necrosis,  including  ulcers.  III. 
Inflammations.  Causation.  1.  Inflammatory  skin  eruptions,  the  individual 
lesions  and  different  forms ;  (a)  Sudamina,  {b)  Erythema  and  Roseola, 
(c)  Eczema,  {d)  Psoriasis,  (e)  .Pityriasis  rubra,  (/)  Lichen  ruber,  {g)  Prurigo, 
(/i)  Pemphigus,  (i)  Acne.  2.  Symptomatic  Inflammations,  in  acute  fevers, 
chiefly  small-pox.  3.  Inflammations  from  heat,  cold,  and  injury,  (a)  Burns 
and  scalds,  in  three  degrees,  (b)  Frost-bite  and  chilblain,  (c)  Wounds  and 
excoriations.  4.  Infective  inflammations.  (a)  Boil  and  carbuncle,  (b) 
Cadaveric  infection,  (c)  Phlegmonous  inflammation,  {d)  Soft  chancre,  (e) 
Malignant  oedema,  (f)  Anthrax,  {g)  Hospital  gangrene.  IV.  Specific  new- 
formations.  1.  Syphilis,  in  primary,  secondary,  and  tertiary  forms  ;  2. 
Tuberculosis,  as  Lupus,  Scrofuloderma,  and  Pathological  Wart;  3.  Leprosy; 
4.  Elephantiasis ;  5.  Granuloma  fungoides ;  6.  Framboesia.  V.  Tropho- 
neuroses. Causation.  1.  From  nerve-leprosy  ;  2.  From  nerve-syphilis  ;  3. 
Herpes  ;  4.  Glossy  skin  ;  5.  Scleroderma  and  Morphoea.  VI.  Hypertrophies 
and  tumours.  1.  Ichthyosis,  2.  Corn,  3.  Wart,  4.  Soft  wart  or  mole,  5. 
Angioma,  6.  Keloid,  7.  MoUuscum  contagiosum,  8.  Fibroma  molluscum,  9. 
Xanthoma,  10.  Simple  tumours,  11.  Xeroderma  pigmentosum,  12.  Sarcoma, 
13.  Cancer.  VII.  Parasitic  affections,  chiefly  from  fungi.  1.  Favus,  2. 
Ringworm,  3.  Pityriasis  versicolor,  4.  Animal  parasites. 

INTRODUCTION. 

rriHE  diseases  of  the  skin  are  exceedingly  manifold,   and  their 
nomenclature  is  somewhat  complicated.     In  this  section  an 
endeavour  is  made  to  summarize  the  pathological  conditions  and  group 
together  the  various  diseases  according  to  the  nature  of  the  lesion. 

Normal  structure. — The  Cerium  or  True  skin  is  a  very  vascular 
dense  membrane  composed  of  interlacing  fibres  of  connective  tissue, 
with  numerous  elastic  fibres.  It  is  richly  suppHed  vnth  nerves,  and 
possesses  bundles  of  smooth  muscle.  It  has  also  a  rich  system  of 
lymphatic  vessels.    In  the  corium  we  may  distinguish  a  superficial 
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or  Papillary  layer  and  a  deeper  one.  Many  of  the  diseases  affect 
the  papillary  layer  especially. 

The  Epidermis  on  the  surface  of  the  corium  is  m  several  layers. 
Most  superficial  is  the  horny  layer  composed  of  ilat  cells, 
which  are  little  more  than  scales,  and  have  lost  their  nuclei.  Next 
comes  the  stratum  lucidum,  composed  of  flat  transparent  cells.  Most 
deeply  situated  is  the  stratum  mucosum  or  rete  Malpighu,  composed 
of  cells  which,  in  the  deepest  layer,  are  cylindrical,  but  towards  the 
surface  become  polygonal  and  flattened.  In  the  deeper  layers  the  cells 
are  serrated  at  the  margins,  so  as  to  give  the  appearance  of  prickles  by 
which  the  cells  fit  into  each  other.  The  Malpighian  layer  extends 
between  the  papillte  of  the  corium,  forming  interpapillary  processes. 

The  Sebaceous  glands  may  be  regarded  as  modified  prolongations 
of  the  Malpighian  layer.  They  are  mostly  connected  with  hair  follicles 
into  which  they  open,  but  sometimes  large  glands  are  connected 
with  small  hairs  and  small  glands  with  large  hairs,  while  there  are 
glands  not  connected  with  hairs  at  all.  The  Sudoriparous  glands  are 
usually  situated  beneath  the  skin,  their  ducts  passing  through  corium 
and  epidermis,  having  a  spiral  course  in  the  latter.  The  Hairs  are 
composed  of  horny  epidermis,  and  are  placed  in  follicles.  In  the  latter, 
two  layers  of  epidermis  can  be  distinguished,  the  outer  root-sheath 
corresponding  with  the  Malpighian  layer,  and  the  inner  root-sheath 
corresponding  with  the  horny  layer.  At  the  bottom  of  the  follicle  is  a 
papilla  continuous  with  the  corium,  and  on  this  is  set  the  bulb  of  the 
hair.  The  Nails  are  composed  of  compressed  horny  epidermis. 
Beneath  the  nail  are  still  two  layers  of  epidermis,  a  horny  layer  of 
loose  cells,  and  a  Malpighian  layer  covering  well-formed  papillae. 

The  exposed  position  of  the  sldn  renders  it  very  liable  to  the 
influence  of  agents  acting  from  without.  It  is  also  liable  to  be 
influenced  by  irritants  circulating  in  the  blood,  in  which  case  the  skin 
affection  will  probably  be  an  insignificant  part  of  a  general  condition. 
The  skin  again  is  liable  to  be  aff"ected  by  states  of  the  nervous  system. 
From  these  remarks  it  will  be  inferred  that  the  inflammations  of  the 
skin  are  its  most  important  morbid  conditions,  and  will  call  most 
largely  for  description. 

The  skin,  like  other  structures,  and  more  obviously  because  of  its 
visibility,  presents  great  diff'erences  in  structural  detail  in  diflferent 
individuals.  These  are  variations  in  pigmentation,  fineness  of  texture, 
vascularity,  elasticity,  etc.,  which  form  parts  of  the  individual  constitu- 
tion of  the  person.  One  of  the  most  striking  variations  is  an  extreme 
elasticity  of  the  skin  presented  by  some  individuals,  so  that  it  can  be 
laid  hold  of  and  drawn  outwards  from  the  underlying  parts.  Of 
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Similar  constitutional  significance  are  the  varying  susceptibilities  to 
morbid  influences  which  different  individuals  present  This  is 
exemplified  in  many  forms  of  disease  of  the  skin. 

Literature  _(?e«era;  z<,orfo-EBASMns  Wilson,  Dis.  of  skin,  1867  ;  Neu^unn 
(Pathological  anatomy  is  very  good),  Lehrb.  d.  Hautkrank.,  1880;  ^ebra  and 
KAPOsr  r).s.  of  skin  (Syd.  Soc),  1866-1880;  D.hiuk.  (litera  are  ve  y  complete) 
f  "'//f  ;  ZxBMss™,  Handbook  of  Dls.  of  sL,  1885;  kIpos,  Hau 
krankheiten,  1893  ;  M'Call  Anderson,  Dis.  of  skin,  last  edition  ;  Path,  very  fully  in 
Unna,  Die  Histopathologie  der  Hautkrankheiten  (part  of  Orth's  Path.  Anat  ) 
1894;  also  m  Atlas  by  Leloie  and  Vidal,  the  plates  of  which  give  histology  of 
skin  diseases  with  great  accuracy;  Eadclipfe-Ceockee,  Diseases  of  the  skin  latest 
edit. 

I. -HYPEREMIA,  H^MOKRHAGE,  (EDEMA  OF  THE  SKIN. 

The  skin  is  very  liable  to  variations  in  its  blood  supply.  An  active 
Hyperaemia  hardly  occurs  as  a  pathological  condition  except  as  part  of 
an  inflammation.  Passive  hyperaemia,  on  the  other  hand,  is  exceed- 
ingly common  as  a  result  of  general  venous  engorgement,  especially  in 
disease  of  the  heart.  From  the  blue  colour  assumed  by  the  skin  in 
passive  hyperaemia  the  condition  is  designated  Cyanosis. 

Local  variations  in  the  circulation  also  occur  by  stimulation  of 
the  vaso-motor  nerves,  the  resulting  conditions  being  named  Angio- 
neuroses.  These  imply  an  excessive  irritability  of  the  vaso-motor 
nerves  of  the  skin,  and  a  proclivity  on  slight  stimulation  to  contraction 
chiefly  of  the  arteries,  but  also  of  the  veins.  The  most  exaggerated 
example  of  this  is  afforded  by  Raynaud's  disease,  where  from  insig- 
nificant external  causes  spasms  of  arteries  and  sometimes  of  veins  come 
about.  If  both  arteries  and  veins  are  contracted  then  there  is  anaemia 
of  the  part  (a  condition  called  by  Raynaud  local  syncope),  whilst  if  only 
the  arteries  are  contracted  there  is  a  passive  hyperaemia  or  cyanosis 
(called  by  Raynaud  lorM  asphyxia).  In  either  case  necrosis  may  occur, 
taking  the  form  of  Symmetrical  Gangrene.  Short  of  these  extreme 
cases  we  find,  in  persons  whose  vaso-motor  nerves  are  sensitive,  that 
exposure  to  cold  leads  to  a  local  syncope.  On  the  other  hand,  in 
persons  in  health,  the  arteries  alone  contract,  and  cold  produces  a 
cyanosis  or  blueness  of  the  skin. 

Besides  these  more  direct  examples  of  angioneuroses  there  are  Local 
cedemas  and  other  lesions  which  are  related  to  the  vaso-motor  nerves, 
but  not  in  such  a  simple  fashion.  Urticaria  is  a  local  oedema  or 
accumulation  of  fluid  in  the  lymphatics  of  the  corium,  resulting  in 
limited  swellings.  It  always  implies  an  abnormal  sensitiveness  of  the 
vessels.  Thus  in  many  persons  a  flea-bite  induces  a  local  oedema, 
characterized  by  the  wheals  or  quaddels  of  urticaria.    In  others  the 
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e^u  with  the  edee  of  the  nail  or  a  pencil  causes  ridges 

^"^^'^^t:^^:^  can  .e  produced  .  rai.^^^^^^^^^ 
(Urticaria  factitia).  But  this  special  sensitiveness  may  be  mduced 
either  by  irritants  in  the  blood  or  by  reflex  irritation.  Thus  a  more  or 
s  'enLlized  urticaria  is  brought  about  in  some  persons  by  eating 
hXh  or  certain  other  kinds  of  food.  In  these,  however,  there  is  a 
in  urticaria  factitia,  always  a  local  irritation  as  well  as  a  general 
sensitiveness,  as  is  proved  by  the  fact  that  the  urticaria  de-1  ps^- 
parts  which  are  exposed  to  friction,  either  of  the  clothes  or  otherwise. 
There  is  thus  a  gradation  in  these  lesions  towards  inflammation. 

This  applies  even  more  to  those  eruptions  which  Unna  has  included 
along  with  general  urticaria  under  the  name  of  Erythanthema,  in 
which  the  exudation  of  fluid  leads  to  elevation  of  the  cuticle  and  the 
formation  of  vesicles  and  bullae.  ,       mu        •  i 

Hsemorrhages  are  frequent  and  of  various  kinds.    They  arise  by 
traumatic  rupture  of  its  vessels,  but  still  more,  perhaps,  by  alterations 
in  the  state  of  the  blood  aff'ecting  its  vessels.    In  scurvy,  in  purpura 
in  small-pox,  in  typhus,  etc.,  the  skin  is  the  seat  of  haemorrhages  much 
more  frequently  than  any  other  part. 

The  blood  escaping  from  the  vessels  collects  in  the  serous  spaces  ot 
the  corium  for  the  most  part,  but  may  pass  to  the  subcutaneous  tissue 
where  the  fat  is  sometimes  considerably  infiltrated.    When  the  blood 
has  escaped  from  a  small  vessel  and  infiltrates  a  limited  area  so  that  a 
bluish  spot  is  seen  on  viewing  the  surface,  the  term  Petechia  is  given. 
As  these  small  haemorrhages  depend  on  the  state  of  the  blood,  the 
petechise  are  nearly  always  multiple.     When  the  blood  infiltrates  a 
larger  area  then  the  term  Ecchymosis  is  used.    Sometimes  the  blood 
collects  between  the  corium  and  epidermis,  and  then  a  hgemorrhagic 
Vesicle  is  the  result ;  but  this  can  only  happen  if  the  deeper  layers  of 
the  epidermis  have  been  killed  so  as  to  allow  of  their  separation  from 
the  corium.    When  there  are  numerous  small  haemorrhages  forming  a 
large  number  of  petechias,  then  it  is  customary  to  use  the  term 
Purpura,  or  to  speak  of  a  purpuric  condition. 

The  blood  effused  in  the  skin  undergoes  changes  like  those  already 
described  (see  Htemorrhage).  The  aff'ected  area  is  first  dark  blue,  and 
the  colour  does  not  disappear  on  pressure.  After  a  time,  as  the  blood- 
colouring  matter  is  dissolved,  the  colour  becomes  fainter  and  changes 
in  hue,  while  the  discoloration  becomes  more  extended.  If  blood  has 
collected  between  the  layers  of  epidermis,  it  comes  to  the  surface  and 
is  disposed  of  as  the  epidermis  is  shed. 

General  oedema  of  the  skin,  apart  from  inflammation,  is  chiefly  related 
to  diseases  of  the  heart  and  of  the  kidneys.    Its  general  pathology  has 
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been  already  considered.     The  exuded  fluid  collects  in  the  lymph 

II. -RETROGRADE  CHANGES  IN  THE  SKIN. 
1.  Atrophies—Simple  atrophy  is  not  uncommon  in  the  skin  The 
most  frequent  example  of  it  is  afforded  by  Senile  atrophy,  resulting  in 
he  wrinkled  skm  of  old  people.    In  this  case  the  connective  tissuf  of 

tlCZ  Z  .       ''P'"'"^       P^P"^^^^  ^^y^'-    The  epidermis 

as  also  thinner  and  drier,  and  there  is  often  desquamation  in  the  form  of 

dry  scales  or  larger  membranous  pieces.  The  hairs  are  atrophied,  as 
their  papillae  have  taken  part  in  the  general  atrophy  of  the  papilla  of 
the  skin.  The  hair-follicles  are  shortened,  and  the  sebaceous  glands  on 
this  account  may  be  brought  close  to  the  surface  so  as  to  be  very  visible 
in  the  thin  skin. 

A  general  atrophy  also  occurs  in  emaciated  persons,  and  it  may 
closely  resemble  the  condition  in  senile  atrophy. 

Of  the  Local  atrophies  the  most  familiar  is  that  which  occurs  after 
Pregnancy.  White  lines  are  found  in  the  abdomens  of  Avomen  who 
have  been  pregnant,  and  similar  lines  occur  in  persons  whose  abdomens 
have  been  distended  by  tumours,  by  ascites,  or  even  by  accumulation 
of  fat.  The  white  lines  have  a  cicatricial  appearance,  and  they  seem  to 
owe  their  origin  to  the  connective-tissue  fibres  of  the  cutis  ha^dng 
dissociated  by  the  stretching.  Somewhat  similar  white  lines  or  striaj 
sometimes  occur  idiopathically,  especially  over  the  buttocks,  trochanters, 
pelvis  and  thighs.  ' 

The  Hairs  are  liable  to  atrophy,  and  two  forms  may  be  distinguished 
according  as  either  the  hair  itself  or  the  pigment  diminishes.  Alopecia 
or  Baldness  is  atrophy  of  the  hair  itself  All  through  life  a  continuous 
falling  out  of  the  hair  is  occurring,  and  is  due  to  atrophy  of  the  bulb. 
But  the  papilla  remains,  and  a  healthy  new  hair  is  produced  on  the  site 
of  the  old  one.  In  some  people  as  life  advances  the  new  hairs  are  not 
reproduced  of  normal  size,  and  they  become  gradually  finer  and  finer, 
till  there  are  only  the  finest  silky  hairs  on  the  bald  part,  or  even  none 
at  all. 

Besides  being  produced  in  this  way,  baldness  may  be  secondary  to 
syphilis,  to  inflammations,  and  to  certain  parasitic  diseases ;  in  these 
cases  it  depends  on  interference  with  the  nutrition  of  the  sheath  and 
papilla. 

Special  attention  has  been  paid  to  Alopecia  areata,  in  which  baldness 
occurs  in  circular  patches.  These  patches  are  not  entirely  bald,  but 
are  covered  with  fine  woolly  hairs,  and  the  papilL-e  are  not  destroyed. 
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The  nature  of  this  disease  is  obscure,  some  regarding  it  as  parasitic, 
and  others  as  a  trophoneurosis.  Its  habit  and  mode  of  extension  render 
the  parasitic  view  very  probable.  Thin  contends  the  parasite  here  is  a 
micrococcus,  which  is  much  more  difficult  to  detect  than  the  other 
parasites  of  the  skin,  which  are  fungi,  and  more  recently  Sabouraud 
has  described  a  minute  bacillus  which  he  regards  as  the  cause  of  the 
disease. 

Canities  or  Greyness  of  the  hair  is  also  for  the  most  part  a  natural 
atrophy  of  advancing  life.  But  it  also  sometimes  comes  on  prematurely. 
It  depends  for  the  most  part  on  a  deficiency  of  pigment  in  the  indi- 
vidual hairs  at  their  original  formation,  so  that  the  pigment  granules  in 
the  cells  in  the  cortical  layers  of  the  hair  are  diminished.  But  there 
may  be  a  temporary  blanching  of  the  hair  from  air  getting  infiltrated 
among  the  cells  of  the  cortex.  Cases  of  sudden  permanent  blanching 
have  received  no  satisfactory  explanation. 

Albinism  is  a  congenital  absence  of  pigment  which  aff'ects  the  iris  and 
choroid  of  the  eye  as  well  as  the  hair  and  skin.  It  is  not  infrequent 
in  negroes,  the  peculiar  result  being  a  white  negro.  The  albinism  is 
sometimes  partial,  so  that,  in  the  case  of  the  negro,  a  piebald  appear- 
ance is  produced. 

The  Nails  are  liable  to  atrophy.  This  may  be  congenital  or  acquired. 
In  the  course  of  acute  illnesses,  such  as  fevers  or  maniacal  attacks,  the 
formation  of  the  nails  is  often  partially  suspended,  and  the  illness  is 
marked  for  a  time  by  a  transverse  depression,  which,  with  the  growth 
of  the  nail  proceeds  from  the  root  outwards,  and  disappears  in  due 
■course.  The  nails  also  atrophy  sometimes  in  consequence  of  various 
parasitic  or  inflammatory  skin  diseases. 

2.  Pigmentations. — Two  fundamentally  different  forms  of  pigmenta- 
tion of  the  skin  are  distinguishable,  according  as  the  pigment  arises  by 
intracellular  metabolism  or  is  directly  derived  from  the  blood-pigment. 
The  latter  occurs  in  cases  of  htemorrhage  or  of  prolonged  hyperaemia, 
as  in  the  neighbourhood  of  varicose  ulcers  and  in  the  cicatrices  after 
the  healing  of  these. 

Of  more  importance  is  the  true  Melanotic  pigmentation.  This  is 
illustrated  in  Addison's  disease  (see  under  Intoxications),  where  there 
is  a  bronzing  of  the  skin  chiefly  in  the  exposed  parts.  The  pigment 
here  is  in  the  deeper  layers  of  the  epidermis  and  more  superficial 
layers  of  the  cutis.  Syphilis  is  also  a  cause  of  pigmentation.  Most 
■chronic  syphilitic  lesions  of  the  skin  are  accompanied  by  and  leave 
behind  a  coppery  coloration. 

Chloasma  is  a  local  pigmentation  of  the  skin  which  has  mostly  a 
reflex  origin.    It  occurs  chiefly  during  pregnancy,  brown  coloration  of 
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the  face  developing  pathologically  as  brown  coloration  of  the  nipple  and 
areola  develop  physiologically.  The  name  is  also  applied  to  deepening 
ot  colour  m  cachectic  persons. 

_  Argyria  or  coloration  with  silver  is  an  occasional  result  of  the 
internal  administration  of  salts  of  silver.  The  coloration  occurs  chiefly 
in  parts  exposed  to  light,  and  it  is  apparently  due  to  the  reduction  of 
the  silver  salt  and  its  deposition  in  a  finely  granular  form.  The  silver, 
as  regards  the  skin,  is  confined  to  the  cutis  vera,  Avhere  it  is  in  the 
connective  tissue,  more  especially  in  the  elastic  fibre  and  more  dense 
membranous  parts.  The  affected  persons  have  a  peculiar  slaty-blue 
colour.  A  local  argyria  has  been  observed  in  persons  whose  occupations, 
exposed  them  to  the  dust  of  silver. 

Xeroderma  pigmentosum  is  considered  further  on  under  tumours. 
^  3.  Necrosis.— Death  of  portions  of  the  skin  occurs  under  various 
circumstances.  Perhaps  the  commonest  case  is  that  of  Bedsores 
{Decubitus),  in  which  a  piece  of  skin  which  has  been  exposed  to 
pressure  whilst  lying,  dies  and  is  discharged  as  a  slough.  This  occurs 
chiefly  in  weak  and  debilitated  persons.  It  is  met  with  frequently  in 
insane  persons  and  paralytics,  and  it  is  matter  of  controversy  how  far 
an  affection  of  trophic  nerves  may  have  to  do  with  the  necrosis  (see 
under  Necrosis). 

In  all  forms  of  Cutaneous  ulcers  there  is  necrosis,  which  may  be  in 
the  molecular  or  in  a  more  material  form.  The  margin  of  the  ulcer 
is  inflamed  and  infiltrated  with  inflammatory  products.  Enlargement 
takes  place  by  a  gradual  necrosis  of  the  inflamed  structures,  and 
generally  implies  the  continuous  action  of  an  irritant.  The  irritant 
is  mostly  an  infective  virus,  and  the  majority  of  the  ulcers  will  be 
again  referred  to  under  subsequent  headings. 

In  the  case  of  such  Infective  ulcers  there  is  usually  a  granulating 
surface  which  is  gradually  destroyed  by  the  action  of  the  virus. 
When  the  virus  has  been  destroyed,  the  ulcer  proceeds  to  heal  like  a 
granulating  wound. 

The  Varicose  ulcer,  arising  in  connection  with  varicose  veins,  owes 
its  origin  to  a  prolonged  venous  hyperasmia,  leading  to  oedema  and 
infiltration  of  the  skin.  The  nutrition  of  the  skin  is  seriously  com- 
promised, and  a  trivial  external  injury  may  cause  the  epidermis  to 
give  way.  The  exposed  and  inflamed  skin  forms  granulations,  but 
these  also,  from  the  persistent  venous  engorgement,  are  readily 
destroyed  by  slight  injuries,  and  the  ulcer  advances,  while  the  inflam- 
matory infiltration  of  the  skin  outside  extends.  The  granulations  will 
only  proceed  to  heal  in  the  usual  way  when  the  venous  hyperemia 
is  removed. 
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The  Perforating  ulcer  of  the  foot  is  a  peculiar  form  which  is  believed 
by  some  to  be  due  to  a  trophic  lesion  of  the  nerves.  There  have  been 
found  in  some  cases  inflammatory  lesions  of  the  nerves,  and  the  disease 
is  sometimes  associated  with  nervous  affections,  especially  locomotor 
ataxia  and  more  rarely  with  diabetes.  It  is  questionable  how  far  mere 
anaesthesia  is  sufficient  to  account  for  the  formation  of  the  ulcer,  as 
seems  to  be  the  case  in  anaesthetic  leprosy.  The  ulcer  is  characterised 
by  the  formation  of  an  aperture  on  the  surface  of  the  foot,  which  leads 
to  penetrating  sinuses  in  its  substance,  and  often  attacking  the  bones. 


III.— INFLAMMATIONS  OF  THE  SKIN. 

These  include  a  very  great  variety  of  diseases,  and  the  nomenclature 
is  exceedingly  complicated.  In  the  skin,  as  elsewhere,  inflammation  is 
produced  by  the  action  of  irritants;  the  form  of  the  inflammation 
will  depend  greatly  on  the  nature  and  source  of  the  irritant. 

Causation.— In  some  cases  the  origin  and  mode  of  action  of  the 
irritant  is  perfectly  obvious,  while  in  others  it  is  very  obscure.  We 
have,  for  instance,  septic  inflammations,  as  in  erysipelas,  due  to  a 
definite  microbe.  We  have  also  the  various  inflammations  in  con- 
nection with  the  acute  fevers  in  which  a  specific  morbid  poison  attacks 
the  skin.  But  there  are  other  cases  in  which  the  origin  is  less  evident, 
and  in  which  the  peculiarities  of  the  individual  constitution  play  an 
important  part.  Just  as  there  are  persons  specially  liable  to  inflam- 
mations of  the  bronchi,  of  the  kidneys,  or  of  tbe  intestine,  so  there  are 
persons  whose  skin  is  prone  to  inflammation.  Even  in  persons  not 
predisposed  temporary  states  of  the  nervous  system  apparently  lead 
at  times  to  a  special  tendency.  At  such  times  a  very  slight  external 
irritation  will  lead  to  an  inflammatory  manifestation.  There  are 
indeed  cases  in  which  the  nervous  condition  is  the  only  obvious  cause, 
as  seen  in  a  mild  form  in  Urticaria,  and  in  a  more  pronounced  form  in 
the  so-called  Trophoneuroses. 

In  considering  the  various  forms  of  inflammation  of  the  skin  we  shall 
divide  them  into  four  groups  on  the  basis  of  their  causation.  These 
are  (1)  Inflammatory  skin  eruptions;  (2)  Symptomatic  cutaneous  in- 
flammations ;  (3)  Inflammations  from  heat,  cold,  and  injury  ;  (4)  Septic 
and  infective  inflammations. 

1.  Inflammatory  skin  eruptions. — The  affections  included  under  this 
designation  consist  in  various  inflammatory  affections  of  the  skin  due  in 
some  cases  to  local  irritation,  and  in  others  to  general  irritation  from 
conditions  of  the  blood.  In  most  of  them  individual  peculiarities  play 
a  very  important  part,  so  that  slight  irritations  which  have  no  effect  in 
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some  people  produce  eruptions  in  others.  Indeed  the  tendency  in 
many  cases  is  so  great  that  the  conditions  are  regarded  as  idiopathic 
There  is  no  doubt  also  that  nervous  conditions  have  an  important 
inlluence.  The  beginning  of  a  skin  eruption  is  often  accompanied  by 
Itching,  and  the  scratching  which  the  itching  induces  not  infrequently 
assists  in  the  development  of  the  eruption. 

Character  of  the  lesions.-The  inflammatory  process  occurring  in 
the  various  structures  of  the  skin  produces  the  changes  which  occur 
elsewhere  under  like  circumstances.  There  is  hyper^emia,  exudation 
of  serous  fluid  and  leucocytes,  parenchymatous  changes  chiefly  in  the 
epidermis,  and,  if  the  inflammation  be  prolonged,  new-formation  in 
the  true  skin.  Various  names  are  applied  to  the  anatomical  conditions 
thus  brought  about. 

A  Wheal  is  a  limited  swelling  of  the  skin  due  to  an  oedema  of  the 
superficial  layers  of  the  cutis.    It  is  temporary,  and  in  all  cases  the 
nervous  system  is  concerned,  as  evidenced  by  the  itching  which  is 
usually  characteristic.    A  Papule  is  a  small  solid  elevation  of  the 
skin,  due  generally  to  inflammatory  exudation  which  infiltrates  the 
papillary  layer  of  the  cutis  and  the  epidermis.    There  is  often  pro- 
liferation of  the  epidermic  cells  as  well.    The  term  Tubercle  is  some- 
times used,  not  in  the  histological  sense,  but  to  indicate  an  irregular 
rounded  solid  elevation  from  infiltration  of  the  skin.    In  the  Vesicle 
we  have  an  accumulation  of  serous  exudation  raising  the  epidermis. 
The  fluid  is  not  between  the  cutis  and  epidermis,  but  the  separation  takes 
place  amongst  the  softer  cells  of  the  Malpighian  layer,  so  that  there  is 
epidermis  both  below  and  above  the  fluid.    The  vesicles  may  be  very 
small  or  so  large  as  to  form  considerable  Blebs  or  Bullae.    A  Pustule 
is  like  a  vesicle  but  contains  pus,  and  is  due  to  a  more  intense  inflam- 
mation.   Scales  or  Squamae  are  composed  of  epidermis  which  has  been 
produced  in  excess  and  is  less  firmly  attached  than  normally.  The 
rapid  production  of  epidermic  cells  is  due  to  a  parenchymatous  inflam- 
mation, and  the  epidermic  cells  do  not  undergo  the  horny  transforma- 
tion to  the  same  extent  as  normally. 

The  individual  skin  aff'ections  have  received  various  names  which 
only  in  part  represent  their  pathological  characters. 

{a)  Sudamina  or  Miliaria. — In  this  there  are  multitudes  of  minute 
vesicles,  which  are  at  first  filled  with  clear  fluid  (miliaria  crystallina) 
which  afterwards  may  become  turbid.  The  condition  arises  in  cases 
where  there  is  excessive  sweating  and  more  particularly  in  acute 
rheumatism.  The  vesicles  originate  in  the  terminal  parts  of  the  sweat- 
ducts.  In  a  case  examined  by  the  author  the  cause  of  dilatation  was 
the  obstruction  of  the  spiral  part  of  -the  duct  by  leucocytes  (see 
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Fio-  711)  this  narrow  twisted  part  of  the  duct  being  incapable  of 
civm.  passage  to  these  cells.  The  disease  was  thus  inflammatory 
from  the  outset,  and  its  inflammatory  nature  was  further  proclaimed  by 
the  increasing  accumulation  of  leucocytes  as  the  vesicle  increased  (see 
Fi-  712)  This  was  in  a  case  of  acute  rheumatism,  where  presumably 
the  irritant  in  the  blood,  in  being  secreted  in  the  sweat,  was  the  cause 
of  the  cutaneous  afiection.  In  cases  where,  from  excessive  sweating, 
there  is  an  eruption  of  sudamina,  there  is  probably  an  irritant  m  the 
sweat  which  may  be  less  of  a  general  pathogenic  agent  than  that  of 
acute  rheumatism. 


Fig.  711.— First  stage  in  the  formation  Fig.  712.— Sudameu  toi-med  by  dilated  .sweat-duct., 

of  a  siidamon.  The  teiminal  part  of  the  It  is  largely  occupied  by  leucocytes  attracted  thither., 

sweat-duct  is  obstructed,  and  distension  x  80. 

is  beginning  in  the  portion  of  the  duct 
in  the  deeper  layers  of  the  epidermis. 
X  100. 


(b)  Erythema  and  Roseola. — These  names  are  applied  to  mild  inflam- 
matory conditions  in  which  the  chief,  and  sometimes  the  only  apparent 
change  is  hypersemia.  The  inflammatory  nature  of  the  condition  is, 
however,  often  indicated  by  the  existence  of  more  or  less  swelling,  due 
to  oedema  of  the  superficial  layers  of  the  skin  (erythema  nodosum  and 
papulosum).    The  attacks  are  often  followed  by  desquamation. 

These  very  mild  inflammations  are  frequently  somewhat  generalized, 
and  appear  in  many  cases  to  be,  like  urticaria,  related  to  special  con- 
ditions of  the  nervous  system,  especially  perhaps,  of  the  vaso-motor 
nerves.  They  may  also  be  produced  by  external  irritants,  especially'' 
in  susceptible  persons. 

(c)  Eczema. — This  name  is  applied  to  localized  inflammations  of  the 
skin,  usually  of  a  sub-acute  or  chronic  character.    The  mere  fact  of  the 
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local  nature  would  indicate  that  the  irritant  here  comes  from  without  • 
but  external  irritation  is  hardly  ever  the  entire  explanation  of  the 
attacks.  In  no  other  disease  do  individual  peculiarities  and  special 
states  ot  the  organism  play  a  more  important  part.  The  external 
irritant  may  be  very  various,  such  as  medicinal  ointments,  stuffs  used 
by  the  patient  in  his  occupation,  as  in  dyeing,  parasites  which  induce 
scratching,  etc.  The  intensity  of  the  inflammation  depends  on  the 
susceptibility  of  the  patient  and  the  character  of  the  irritant  The 
various  degrees  of  intensity  are,  to  a  great  extent,  distinguished  by  the 
characters  of  the  eruption,  so  that  we  have  papules,  vesicles,  pustules, 
etc.,  characterizing  different  cases  of  eczema.  From  these  differences 
are  derived  the  names  Eczema  papulosum,  vesiculosum,  and  pustu- 
losum. 

In  chronic  cases  a  condition  is  brought  about  somewhat  comparable 
to  catarrh  of  mucous  membranes,  and  sometimes  called  Catarrh  of  the 
skm.  The  inflamed  surface  keeps  on  discharging  serous  fluid  in 
varying  quantity.  The  epidermis  is  softened,  and,  to  a  considerable 
extent,  lost,  so  that  the  cutis  is  exposed  or  covered  with  irregular 
crusts.  The  cutis  itself  is  red,  and  it  is  thickened  both  by  the  serous 
exudation  and  by  accumulation  of  round  cells. 

{d)  Psoriasis. — The  nature  of  the  irritant  in  this  case  is  quite  un- 
known, but  it  is  probably  to  be  found  in  some  special  condition  of  the 
blood.  We  know,  at  least,  that  remedies  introduced  into  the  blood 
frequently  cure  the  disease. 

The  lesion  is  mainly  of  the  epidermis,  and  especially  of  its  Mal- 
pighian  layer.  The  papillary  layer  of  the  cutis  is  hypersemic  and 
partly  infiltrated  with  leucocytes;  the  papillae  are  also  described  as 
enlarged,  but  these  alterations  are  comparatively  trifling,  as,  after 
death,  very  little  indication  of  them  is  to  be  found.  During  life  the 
hyperasmia  gives  the  corium  a  red  colour.  In  the  middle  regions  of 
the  Malpighian  layer  of  the  epidermis  there  is  an  abundant  new-forma- 
tion of  epidermic  cells.  The  new-formation  is  so  great  that  there  is  no 
time  for  the  cells  to  become  horny  before  they  pass  to  the  surface. 
Hence  the  epidermis  on  the  patch  is  entirely  composed  of  Malpighian 
layer,  and  these  cells,  being  soft,  as  they  dry  adhere  much  more 
readily  into  considerable  scales  than  do  the  horny  cells.  For  a  similar 
reason,  as  they  dry  they  shrink  much  more  than  the  horny  cells,  and 
air  insinuates  itself  into  interstices  between  them.  It  is  the  finely 
divided  air  which  gives  the  scales  the  peculiar  silvery  appearance 
characteristic  of  this  disease  (Eindfleisch).  When  the  scales  are 
removed  the  papillary  layer  of  the  skin  is  seen  to  be  red  and  bleeds 
readily. 
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(e)  Pityriasis  rubra.-In  this  disease  we  have  a  more  or  less 
general  aifection,  and  it  is  not  improbable  that  it  depends  on  a 
lesion  of  the  trophic  centres  of  the  skin.  It  is  characterized  by  an 
excessive  discharge  of  scales  consisting  of  masses  of  epidermic  cells. 
These  scales  pass  off  from  slightly  raised  and  reddened  surfaces.  In 
the  earlier  periods  the  cutis  presents  little  more  than  hypersemia  with 
excess  of  leucocytes  in  its  papillary  layer,  but  when  the  disease  has 
lasted  for  some  time  there  is  thinning  of  it  with  flattening  of  the 
papilla;.  The  sebaceous  glands  and  hairs,  as  well  as  the  sweat  glands, 
are  usually  atrophied.  There  is  often  a  very  excessive  discharge  of 
epidermis ;  a  small  basket-full  may  sometimes  be  gathered  daily  from 
the  bed  of  the  patient.  There  is  a  form  of  this  disease  designated 
Pityriasis  rubra  pilaris  in  which  the  excessive  production  of  epidermic 
cells  is  concentrated  in  and  around  the  hair  follicles.  There  is  here 
also  hypergemia  and  cellular  proliferation  in  the  cutis.  (See  case  by 
Morton,  with  microscopic  examination  by  author,  in  Brit.  Jour,  of 
Dermat,  VIII.,  1896.) 

(/)  Lichen  ruber.— This  is  a  diffused  papular  eruption,  depending 
on  some  obscure  general  cause.  There  are  individual  red  flattened 
papules  on  a  red  basis.  As  the  disease  goes  on  the  skin  becomes 
infiltrated  and  thickened,  so  that  the  movements  of  the  joints  are 
hindered,  and  fissures  are  formed  at  the  folds  of  the  skin.  The  nails 
are  usually  thickened.  The  disease  seems  to  consist  in  an  inflam- 
matory infiltration  of  the  papillary  layer  of  the  cutis  and  the  Malpighian 
layer  of  the  epidermis.  The  cells  of  the  rete  Malpighii  are  enlarged 
and  increased  in  number,  and  the  interpapillary  processes  are  enlarged. 
The  papillse  show  abundant  accumulation  of  round  cells,  especially 
around  the  vessels.  There  is  often  accumulation  of  epidermic  cells  in 
the  hair-follicles. 

{(j)  Prurigo. — This  also  is  a  diffuse  affection  of  the  skin,  which 
somewhat  resembles  urticaria,  but  is  more  permanent.  Like  urti- 
caria it  seems  to  depend  on  some  condition  of  the  nervous  system 
induced,  especially  among  children,  by  neglect  of  sanitary  conditions 
and  defective  nutrition.  Numerous  small  papules  which  are  intensely 
itchy  appear  on  the  skin.  The  papules  are  due  to  an  inflammatory 
thickening  of  the  papillse  and  rete  Malpighii.  Round  cells  and  serous 
fluid  are  exuded,  so  that  when  the  head  of  the  papule  is  removed 
by  scratching  a  drop  of  fluid  appears.  By  scratching  the  papules  are 
often  caused  to  bleed,  and  it  is  probably  from  this  that  they  frequently 
leave  a  brown  stain.  The  irritation  produced  by  scratching  may  also 
lead  to  eczema. 

Qh)  Pemphigus. — This  condition  is  characterized  by  the  formation 
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Of  large  vesicles  or  bulte,  filled  with  fluid,  which  is  at  first  clear,  but 
usually  becomes  more  or  less  purulent.  As  the  bulte  usually  occur  at 
intervals  over  a  considerable  surface,  the  disease  is  to  be  ascribed  to 
some  general  cause,  and  in  some  acute  cases  the  existence  of  an  irritant 
in  the  blood  is  suspected.  There  is  not  here,  as  in  small-pox,  an 
exudation  among  the  cells  of  the  Malpighian  layer,  but  for  the  most 
part  the  epidermis  is  raised  as  a  whole ;  and  the  bleb  is  not  divided  by 
septa  into  loculi.  If  the  bleb  remain  unruptured  a  layer  of  epidermis 
forms  on  the  surface  of  the  cutis.  But  if  it  burst,  then  the  exposed 
cutis  discharges  for  a  time;  by  and  by,  however,  a  crust  forms,  under 
which  the  epidermis  grows.  In  some  cases  the  blebs  are  imperfectly 
formed  and  neighbouring  ones  coalesce,  so  that  a  considerable  surface 
IS  affected.  When  these  blebs  burst  there  is  little  tendency  to  new- 
formation  of  epidermis,  and  the  skin  continues  discharging  fluid  as  well 
as  crusts  produced  by  the  fluid  drying  in.  This  form  is  designated 
Pemphigus  foliaceus. 

{i)  Acne.— This  name  is  applied  to  inflammation  of  the  sebaceous 
glands  and  their  neighbourhood,  chiefly  in  connection  with  accumu- 
lation of  the  secretion  in  the  gland.  There  are  two  conditions, 
named  respectively  comedo  and  milium,  in  which  sebum  accumulates 
in  the  glands;  it  is  chiefly  in  connection  with  the  former  that  acne 
occurs. 

In  Comedo  a  sebaceous  follicle  is  filled  with  secretion,  which  forms  a 
solid  plug  in  the  gland.  The  end  of  the  plug  presents  at  the  surface, 
and  has  a  black  or  dark  blue  colour.  The  plug  consists  of  shed 
epidermis  and  sebum,  with  occasionally  a  small  parasite,  the  acarus 
folliculorum. 

In  Milium  there  is  an  accumulation  of  the  secretion  with  closure 
of  the  orifice  of  the  gland.  The  accumulated  secretion  forms  a  rounded 
solid  globe,  which  can  be  felt  in  the  substance  of  the  skin,  but  over 
which  the  epidermis  passes  unbroken.  It  is,  in  fact,  a  small  retention 
cyst,  and  it  contains  the  secretion  of  the  gland  mixed. with  epidermis, 
so  that  on  cutting  into  it  a  whitish  globular  body  is  discharged.  The 
contents  not  infrequently  become  impregnated  with  lime  (Fig.  713). 
The  cause  of  the  closure  of  the  duct  is  obscure. 

In  Acne  there  is  a  more  or  less  acute  inflammation  of  the  sebaceous 
glands,  usually  in  connection  with  comedo.  There  is  redness  and  swell- 
ing around,  and  pus  is  usually  formed,  and  mingles  with  the  substance 
of  the  comedo.  Sometimes  there  is  not  a  proper  suppuration,  but  the 
substance  of  the  plug  is  softened  by  the  inflammatory  exudation.  The 
inflammation  is  due  to  the  irritation  of  the  plug,  especially  when  by 
long  stagnation  it  has  become  foul. 
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The  name  Acne  mentagra,  or  Sycosis,  is  given  to  cases  where  there 
is  inflammation  of  the  sebaceous  glands  in  connection  with  the  hairs  of 
the  beard.  There  is  a  sycosis  of  parasitic  origin,  but  in  the  simple 
form  there  is  suppuration  in  and  around  the  hair  follicles  of  the  nature 
of  acne. 

A  more  chronic  inflammation  of  the  sebaceous  glands  of  the  face, 
with  special  hyper£emia  of  the  vessels  around,  has  received  the  name 
Acne  Rosacea.  There  is  very  little  tendency  to  suppuration,  but  great 
thickening  of  the  skin  occurs,  so  that  sometimes  there  are  large 
lobulated  and  red  protuberances,  especially  on  the  nose,  on  the  surface 
of  which  many  comedones  are  seen  (see  under  Lipoma  nasi). 


Fig.  713. — Milium  of  scrotum. 

2.  Symptomatic  inflammations. — This  class  embraces  the  inflam- 
mations occurring  in  the  acute  fevers.  In  some  the  cutaneous  aff'ection 
is  very  trivial.  Thus  the  eruptions  in  measles,  scarlatina,  typhoid  and 
typhus  fevers,  consist  of  little  more  than  inflammatory  hypersemia  with 
slight  exudation,  with  also,  in  severe  cases  of  typhus,  haemorrhages, 
forming  petechise.  The  action  of  the  irritant  on  the  epidermis  is 
evidenced  in  many  cases  by  the  subsequent  occurrence  of  desquama- 
tion, which  implies  that  the  cells  have  been  so  injured  as  to  lead  to 
their  premature  necrosis  and  discharge.  This  occurs  especially  in 
scarlet  fever  and  measles. 

In  Small-pox  there  is  a  much  more  severe  inflammation.  In  this  case 
the  virus,  which  is  present  in  the  exudation  or  so-called  lymph, 
evidently  lodges  in  the  skin  and  multiplies  there,  leading  to  pro- 
nounced local  changes  (see  p.  163). 

4h 
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The  effects  of  the  irritant  are  seen  mainly  in  the  epidermis,  which 
shows  changes  chiefly  in  the  more  plastic  Malpighian  layer.  Many  of 
the  cells  undergo  a  kind  of  coagulation-necrosis,  their  nuclei  being  lost 
and  their  substance  converted  into  a  hyaline  material.  These  necrosed 
epidermic  cells  allow  of  spaces  being  formed  among  their  layers  in 
which  exuded  fluid  collects.  In  this  way  a  vesicle  is  formed,  but  it 
does  not  consist  of  a  single  cavity.  As  shown  in  Fig.  714,  the  epi- 
dermic cells  or  their  remains  form  a  network  of  fibres  and  partitions 


Pig.  714. — Section  of  a  small-pox  vesicle.  Superficially  there  is  a  network  foi-med 
of  the  altered  epidermis.  In  some  of  the  meshes  (6,  b)  are  pus  corpuscles.  For  the 
most  part  the  Malpighian  layer  in  its  deepest  cells  (c)  is  preserved,  but  at  some  points, 
as  at  rf,  it  is  broken  through  and  the  pus  is  infiltrating  the  skin,  a,  umbilication  of 
the  vesicle,  due  to  a  sweat  gland,  the  coils  of  which  are  distinguishable    x  140. 

(After  RiNDFLEISCH.) 


which  divide  the  vesicle  into  compartments  or  loculi  {h  in  figure)  in 
which  a  serous  fluid,  containing  the  micrococci,  is  present.  As  the 
inflammation  increases  in  intensity  leucocytes  are  exuded,  and  these 
accumulate,  as  seen  in  the  figure,  both  in  the  superficial  layers  of  the 
cutis  {d)  and  in  "the  loculi  of  the  vesicle.  By  the  aggregation  of  these 
the  vesicle  becomes  a  pustule.  In  the  figure  it  is  seen  that  while  the 
papillary  layer  of  the  skin  {d)  is  somewhat  infiltrated  with  leucocytes, 
yet  it  is  not  destroyed,  and  the  interpapillary  processes  of  the  Mal- 
pighian layer  of  the  epidermis  (c)  still  persist.  Sometimes  no  further 
destruction  occurs  than  this ;  the  pustule  dries  in  and  a  crust  is  formed, 
and  under  it  the  Malpighian  layer  forms  new  epidermis,  so  that  when 
the  crust  is  shed  healing  occurs  without  any  loss  of  substance.  But 
more  commonly  the  action  of  the  virus  causes  death  of  the  superficial 
layers  of  the  cutis  as  well  as  of  the  epidermis.  This  is  shown  in  Fig. 
715,  where  an  injection  thrown  into  .the  arteries  runs  into  the  surround- 
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ing  skin  (a,  a),  but  does  not  penetrate  into  the  slough  (b).  In  this  case, 
when  the  crusts  are  torn,  little  sloughs  infiltrated  with  pus  are  revealed, 
on  the  removal  of  which  ulcers  appear.  By  the  healing  of  the  flat  ulcers 
we  have  the  depressed  reticulated  cicatrices  characteristic  of  small-pox 
(the  so-called  pitting  of  small-pox). 

Vaccination  produces  a  lesion  identical  in  its  anatomical  characters 
with  that  of  small-pox. 


Fis  715  —Small-pox  eruption  with  necrosis,  from  an  injected  specimen.  The 
normal  skin  at  cither  side  (a,  a)  has  its  vessels  fully  injected,  while  the  necrosed 
part  (h)  is  uniujectod  and  homogeneous.    X  30.  (Rindfleisch.) 

3.  Inflammations  from  heat,  cold,  and  injury.— («)  Burns  and 
scalds. — We  include  here  the  lesions  produced  by  the  application  of 
excessive  heat  to  the  skin,  whether  the  heated  substance  applied  be 
in  the  solid,  liquid,  or  gaseous  form.  The  heat  acting  as  an  irritant 
damages  or  kills  the  tissue,  and  so  we  have  signs  of  inflammation, 
frequently  associated  with  necrosis. 

Burns  have  been  classified,  according  to  their  intensity,  into 
three  degrees,  characterized  by  the  three  phenomena — -hypersemia, 
vesication,  sloughing. 

In  the  First  degree  the  heat  is  only  sufficient  to  produce  a  hyperEemia  of  the  skin. 
Exposure  to  the  rays  of  the  sun,  or  to  hot  water  of  a  temperature  of  100°  F.,  and 
upwards,  causes  such  a  relaxation  of  the  arteries  as  to  induce  considerable  conges- 
tion. The  inflammatory  nature  of  this  hyperremia  is  shown  by  its  continuance  for 
some  time  after  removal  of  the  cause,  and  by  the  occasional  occurrence  of  some 
tedematous  swelling  of  the  skin.    After  a  time  there  may  be  desquamation. 

The  Second  degree  is  produced  by  the  action  of  a  temperature  of  140°  to  185°  F. , 
or  by  the  evanescent  action  of  a  still  higher  temperature.  The  effect  is  to  cause  an 
inflammatory  exudation  from  the  papillary  layer  of  the  skin,  which  accumulates  in 
the  epidermis  so  as  to  form  a  vesicle.  The  changes  in  the  rete  Malpighii  are 
similar  to  those  already  described  as  occurring  in  the  formation  of  the  small-pox 
vesicle,  but  they  are  more  rapidly  produced  and  the  layer  of  cells  is  more  homogene- 
ously affected.  The  inflammation  soon  subsides,  and  from  the  remaining  cells  of  the 
rete  Malpighii  new  epidermis  is  reproduced ;  there  may  be  already  a  complete  coat- 
ing of  new  epidermis  before  the  vesicle  bursts.  But  sometimes  the  vesicle  bursts 
early,  and  the  inflamed  surface  of  the  skin  is  exposed  ;  or  nearly  the  whole  of  the 
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ete  Malpaghu  may  have  been  destroyed,  even  the  interpapillary  processes.  la 

S  surff  ^"-^^^^  "'^^  epiderJs  may  be'delayed  and 

the  .uiface  may  even  become  like  a  granulating  wound,  discharging  pus 

T,^"?*"  ^^'"'^     ""^^'^'^^        °"ly  of  the  epidermis  but  of  the  true 

hoH  tim.'  ?  T  "  ^^'•y  ^'Sh  may  have  acted  for  a  very 

An   nfl  ^  "''''"'^'^  '^^'^^  1'^^  ^«  ^  'l^-y  "-ust  on  the  surface. 

fuT,nnf«r°'   T^r^'''  T""""  ^'"'"'^  exudation,  going  on  usually  to 

uppmation.  In  th.s  way  the  slough  is  separated,  and  a  granulating  wound  is  left, 
which  heals  m  the  usual  way,  leaving  a  cicatrix,  the  character  of  which  varies  with 
the  depth  of  the  slough. 

Eeference  has  already  been  made  to  the  fact  that  Hemoglobinuria 
sometimes  follows  burns,  and  also  that  reduction  of  temperature  may 
occur.  These,  along  with  reduction  of  blood-pressure  from  dilatation 
of  arteries,  probably  have  to  do  with  the  occasional  rapid  occurrence 
of  death  from  extensive  iDurns. 

If  the  person  survive  for  some  time  after  the  burning,  inflammations 
of  internal  organs,  the  lungs,  kidneys,  serous  membranes,  are  frequently 
found ;  also  fatty  degeneration  of  the  heart  and  of  the  liver.  These 
are  to  be  ascribed  with  great  probability  to  the  alteration  of  the 
blood. 

It  is  much  more  difficult  to  account  for  the  occurrence  of  the 
Duodenal  ulcer  after  burns.  When  several  weeks  elapse  before  death, 
there  is  found,  in  about-  20  per  cent,  of  the  cases,  one  or  more  ulcers, 
usually  situated  in  the  duodenum  near  the  pylorus,  but  sometimes  in 
the  pyloric  region  of  the  stomach.  It  may  be  a  superficial  heemorrhagic 
erosion  or  a  deeply  penetrating  ulcer. 

(b)  Frost-bite  and  Chilblain.— These  conditions  are  produced  by  the 
action  of  excessively  low  temperatures.  We  can  distinguish  three 
degrees  here  also. 

The  common  Chilblain  or  Pernio  is  an  example  of  the  First  degree. 
If  portions  of  the  body  are  frequently  exposed  to  a  low  temperature 
and  then  heated,  a  chronic  or  subacute  inflammation  is  induced.  This 
occurs  especially  in  the  fingers  and  toes.  There  is  passive  hypersemia 
sometimes  amounting  almost  to  stasis,  so  that  the  part  has  a  livid 
hue.  There  is  also  serous  exudation,  so  that  the  part  is  swollen  and 
oedematous ;  there  may  be  xed  corpuscles  as  well  as  leucocytes  in  the 
exudation.    Sometimes  ulceration  occurs. 

The  Second  degree  includes  the  Less  severe  cases  of  frost-bite. 
The  skin  has  been  frozen  and  too  rapidly  thawed,  the  result  being  such 
an  injury  to  the  tissue  as  to  cause  an  acute  inflammation.  The  epi- 
dermis is  raised  in  blisters,  which  often  contain  a  bloody  serum.  There 
may  even  be  sloughing  of  the  superficial  layers  of  the  cutis,  and  on 
separation  of  the  slough  an  indolent  ulcer  forms. 
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In  the  Third  degree,  forming  the  More  severe  cases  of  frost-bite, 
there  has  been  prolonged  exposure  to  very  intense  cold.  The  conse- 
quence is  the  complete  freezing  of  part  of  the  body,  especially  m 
regions  removed  from  the  heart,  as  the  fingers  and  toes.  The  tissues 
are  stiffened  by  freezing,  and  the  blood  coagulated,  so  that  sometimes 
parts  can  be  broken  ofi"  like  glass.  When  the  parts  are  thawed  gan- 
grene sets  in.  The  whole  frozen  part  does  not  die ;  there  is  partial 
■recovery  with  inflammation.  The  gangrenous  part  is  separated  in  the 
usual  way,  generally  with  decomposition  (moist  gangrene). 

(c)  Wounds  and  Excoriations.— The  phenomena  connected  with  the 
healing  of  wounds  and  the  formation  of  granulations  have  been  con- 
sidered in  previous  pages.  When  merely  the  epidermis  is  removed 
by  an  injury,  forming  an  Excoriation,  it  is  restored  with  remarkable 
celerity.  The  epidermic  cells  at  the  margin  and  those  of  the  deeper 
layers  divide  and  form  new  cells  which  restore  the  surface. 

In  the  case,  of  a  deeper  wound  the  epidermis  also  shows  great  vigour, 
and  it  sometimes  advances  beyond  the  line  of  the  other  healing  pro- 
cesses. The  new-formed  epidermis  may  advance  over  a  blood-clot 
filling  up  a  wound.  The  epidermis  here  has  a  remarkably  transparent 
hyaline  appearance  and  is  continuous,  not  with  the  Malpighian  layer, 
but  with  the  layers  superficial  to  that.  The  character  of  the  cells  here 
and  their  transparency  suggest  that  they  may  be  derived  from  the 
stratum  lucidum.  It  may,  indeed,  be  suggested  that  this  layer  in 
the  normal  skin  is  composed  of  young  epidermis,  and  that  the  loss 
on  the  surface  is  supplied  by  new-formation  here  and  not  in  the 
Malpighian  layer. 

4.  Septic  and  Infective  inflammations. — We  include  here  those 
forms  of  inflammation  of  the  skin  which  can  be  traced  to  the  action 
of  microbes,  apart  from  those  which  have  the  characters  of  the  specific 
new-formations. 

(a)  Boil  and  Carbuncle. — A  boil  is  a  localized  acute  suppurative 
inflammation  with  a  limited  necrosis  of  the  cutis.  The  irritant  finds 
access  by  the  sebaceous  glands  or  hair  follicles,  and  consists  of  pyogenic 
microbes.  The  source  of  these  may  be  obscure,  but  in  some  cases  they 
are  derived  from  contact  with  a  cadaver.  The  inflammation  manifests 
itself  in  hypersemia  and  exudation,  so  that  a  localized  redness  and 
swelling  are  the  results.  A  piece  of  skin  in  the  very  centre  of  the 
inflamed  area  dies,  and  a  small  abscess  having  formed,  the  slough  is  by 
degrees  discharged  along  with  the  pus. 

The  Carbuncle  is  similar  in  its  general  characters  to  the  boil,  but  a 
much  larger  piece  of  skin  is  involved.    The  slough  is  therefore  of  much 
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greater  extent  It  sometimes  happens  that  the  whole  piece  of  skin  in 
Its  entire  thickness  dies  and  is  separated  as  a  dry  leathery  slough. 
More  frequently  the  necrosis  is  less  extensive  in  the  superficial  layers 
than  m  the  deeper  parts,  and  the  slough  is  discharged  through  numerous 
small  apertures. 

(b)  Lesions  from  cadaveric  poisons.-In  the  fluids  of  the  dead  body 
during  the  process  of  decomposition,  there  are  innumerable  bacteria  of 
different  kinds.  Some  of  these  may  attack  the  skin  of  the  dissector  or 
pathologist,  and  find  a  lodgment  there.  The  organisms  themselves  are 
of  very  various  degrees  of  virulence.  The  fluid  in  the  abdomen  after 
septic  peritonitis,  such  as  that  which  occurs  in  one  form  of  puerperal 
fever,  for  example,  teems  with  micrococci,  and  this  fluid  is  peculiarly 
virulent  when  applied  to  the  skin. 

Besides  degrees  of  activity  in  the  virus,  there  are  various  degrees  in  the  suscep- 
tibihty  of  different  persons,  and  of  the  same  person  at  different  times.  A  state  of 
exhaustion  of  the  body  causes  a  greater  degree  of  susceptibility,  and  makes  the 
inroads  of  the  virus  when  once  implanted  more  vigorous  than  in  persons  in  ordinary 
health.  The  inference  from  this  is,  that  the  best  treatment  for  this  condition  is  to 
leave  off  work  and  at  once  seek  rest  and  fresh  air. 

The  virus  very  often  finds  access  to  the  skin  without  any  breach  of 
surface.  When  a  wound  is  made  during  dissection  it  is  usually  washed 
thoroughly  and  sucked,  while  bleeding  is  encouraged ;  in  this  way  the 
virus  may  be  washed  away.  But  if  it  gets  into  the  hair  follicles  or 
sweat  glands  it  may  lodge  and  multiply  undisturbed. 

The  results  are  somewhat  various.  The  most  severe  is  the  occur- 
rence of  an  Acute  phlegmonous  inflammation,  which  rapidly  goes  on 
to  suppuration.  In  some  cases  the  inflammation  spreads  upwards, 
having  the  characters  of  an  extending  erysipelas.  In  others  the 
characters  are  more  those  of  angeioleucitis,  the  virus  extending  by  the 
lymphatic  vessels,  by  which  it  may  reach  the  glands.  There  may  thus 
occur  a  suppurating  bubo  of  the  axillary  glands. 

An  inflammation  of  the  skin  resembling  erysipelas  may  spread  from 
the  glands  so  afi'ected,  as  the  virus,  checked  in  its  upward  course 
towards  the  trunk  by  the  glands,  passes  outwards  to  the  lymph  spaces 
around.  This  course  of  events  is  shown  in  the  account  which  Paget 
has  given  of  his  own  case  in  his  "Clinical  Lectures  and  Essays."  The 
inflammation  may  travel  along  the  connective  tissue  of  the  skin  and 
subcutaneous  tissue,  and  may  even  reach  the  pleura.  In  the  skin  its 
efl'ects  may  be  very  severe,  resulting  in  sloughing  and  profuse  suppura- 
tion like  that  in  erysipelas.  It  may  even  lead  to  septic  infection  or 
pyaemia. 

A  less  severe  and  more  local  result  is  the  formation  of  Boils  at  the 
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seats  of  inoculation.    At  first  there  is  usually  a  P^^^^^^^^^ 
from  this  the  infection  is  apt  to  spread  downwards  ^^ll^^l^^^l 
layers  of  the  cutis  and  produce  the  necrosis  and  ^P^^^^^^f^^^^^^^^^ 
a b'ove  as  the  phenomena  in  boils.    In  other  cases  the  ^ 
not  result  in  necrosis  and  suppuration,  but  has  a  more  chrome  course, 
producing  what  is  sometimes  called  a  blind  boil,  namely,  an  inflamma- 
tory thickening  with  considerable  elevation.  _ 

The  Pathological  wart  or  Verruca  necrogenica  is  really  a  tuber- 
culosis of  the  skin  (see  later). 

(c)  Phlegmonous  inflammations.  Erysipelas. -These  names  are 
given  to  acute  infective  inflammations  of  the  skin.    In  the  case  of 


Fig  Tie.-From  the  skin  in  a  case  of  erysipelas.  The  upper  iUustratiou  shows 
a  lymphatic  vessel  at  the  border  of  a  sebaceous  gland,  filled  with  micrococci.  The 
lower  shows  a  straight  vessel  similarly  filled.    X  350. 

erysipelas  the  virus  depends  on  the  streptococcus  erysipelatis  which 
multiplies  more  or  less  abundantly  in  the  lymph  spaces  and  vessels  of 
the  skin  (see  Fig.  716)  and  subcutaneous  tissue.  The  result  is  a  more 
or  less  severe  inflammation.  At  first  there  is  an  inflammatory  hyper- 
Eemia,  which  advances  as  the  virus  extends  along  the  lymph  spaces. 
This,  with  a  moderate  exudation  of  fluid  and  leucocytes,  may  be  all. 
But  sometimes  there  is  a  much  more  intense  inflammation.  The  skin 
is  infiltrated  with  leucocytes  to  such  an  extent  that  it  is  softened  and 
opened  out  with  pus.  The  epidermis  is  raised  by  exudation  so  that 
vesicles  or  pustules  are  formed.  Sometimes  the  lymph  spaces  are 
occupied  with  fibrine.  Besides  suppuration,  there  is  often  necrosis  of 
portions  of  the  skin  so  that  sloughs  are  separated  with  the  pus. 

A  somewhat  similar  phlegmonous  inflammation  sometimes  occurs 
around  septic  wounds,  such  as  we  have  described  in  cadaveric  infection. 

{d)  Soft  chancre,  Ulcus  molle. — This,  which  is  the  ordinary  non- 
syphilitic  venereal   chancre,  is  usually  situated  on   the  organs  of 
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generation.    It  is  an  acute  infectious  inflammation,  which  tends  to 

Ts^uir"  ""T^;  ^f^-  infection  a  ves  cle 

n  c     sTf  r  t  1-  of  the  epithelium  and  mot  ul 

necrosis  of  the  cutis,  is  transformed  into  an  ulcer  of  small  size  It 
mcreases  in  size  and  sometimes  by  infection  leads  to  otherT  The  ulc 
«mes  shows  much  excavation,  so  that  the  skin  is  partly  under- 
mined. There  is  frequently  an  extension  to  the  neighbouring  lymphatic 
glands,  the  result  being  a  suppurating  bubo  ympnatic 
The  soft  chancre  usually  heals  in  about  2  to  4  weeks,  and  does  not 
give  rise  to  syphilis  On  the  other  hand  there  may  be  a  simultaneous 
infection  with  syphihs,  and  the  hard  chancre,  which  is  of  slow  develop- 
ment, may  supervene  in  3  or  4  weeks. 

_  Ducrey  and  Unna  have  asserted  that  the  infection  of  the  soft  chancre 
IS  related  to  a  specific  microbe  which  has  the  form  of  a  bacillus  growin- 
in  chains  (Streptobacillus).  ° 
(e)  Malignant  oedema.-This  depends  on  the  action  of  a  specific 
microbe,  the  bacillus  of  malignant  oedema  already  described  (p  173) 
The  aflTection  usually  attacks  open  wounds,  and  the  most  typical  result 
is  an  advancing  gangrene  with  development  of  gas,  accompanied  by 
acute  inflammation. 

(/)  Splenic  fever  or  Anthrax.— This  disease  also  depends  on  a 
special  bacillus,  which,  however,  usually  extends  to  the  blood,  and 
the  patient  dies  from  the  general  specific  fever.  There  is  usually  a 
local  affection  to  begin  with,  and  the  disease  may  remain  local. 
The  local  afiection  has  the  characters  of  a  phlegmonous  inflammation 
of  the  skin  and  subcutaneous  tissue.  Sometimes  the  appearances  of 
malignant  oedema  are  produced.  From  these  local  manifestations 
the  condition  is  sometimes  called  Malignant  pustule. 

(g)  Hospital  gangrene.— This  is  an  infective  disease  accompanied 
by  sloughing  of  the  skin.  It  is  due  to  a  specific  virus  which  is 
supposed  to  be  a  micrococcus.  The  disease  occurs  in  unhealthy 
hospitals  especially  in  time  of  war.  It  attacks  open  wounds,  especially 
granulating  wounds,  and  is  accompanied  either  by  sloughing  or  mole- 
cular necrosis.  The  gangrene  frequently  travels  along  the  loose 
connective  tissue  and  so  may  undermine  the  skin,  or  isolate  muscles 
and  blood-vessels. 

IV.— SEPTIC  NEW-FORMATIONS. 

1.  Syphilitic  lesions  of  the  skin. —The  various  manifestations  in 
the  skin  are  the  results  of  the  action  of  the  syphilitic  virus.  The 
lesions,  like  those  elsewhere,  are  either  simply  inflammatory,  or  the}^ 
have  the  characters  of  the  gumma,  forming  in  the  latter  case  more 
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or  less  definite  tumours  composed  of  granulation  tissue.  Even  the 
purely  inflammatory  lesions  have  a  tendency,  when  they  have  persisted 
long,  to  present  considerable  new-formation  of  granulation  tissue. 
The  syphilitic  lesions  of  the  skin  may  be  divided  into  the  primary, 
secondary,  and  tertiary. 

(a)  The  Hard  chancre  has  been  already  described.  It  is  characterized 
by  a  hard  indurated  base  due  to  an  infiltration  or  replacement  of  the 
soft  and  pliant  cutis  vera  by  granulation  tissue. 

(b)  Skin  eruptions  of  secondary  stage.  Syphilides.— Skin  affections 
are  the  principal  manifestations  of  this  stage,  and  as  the  virus  is  in 
the  blood  the  manifestations  occur  as  a  rule  over  the  skin  as  a  whole, 
although  circumstances  may  determine  a  certain  local  selection.  The 
eruptions  are  for  the  most  part  symmetrical,  and  they  present  a 
peculiar  tendency  to  occur  in  round  patches  of  a  definite  size.  These 
patches,  by  healing  in  the  centres  and  extending  at  the  periphery, 
frequently  assume  a  circular  or  serpiginous  outline. 

The  syphilitic  eruptions  of  the  secondary  stage  are  somewhat 
similar  in  character  to  the  simple  inflammatory  eruptions,  and  they 
are  commonly  designated  by  similar  names.  There  is,  however, 
more  tendency  in  the  syphilides  to  the  development  of  granulation 
tissue  in  the  skin,  and  hence  the  papular  forms  of  eruption  are 
more  frequent.  Whilst  a  certain  order  of  frequency  is  com- 
monly seen,  yet  there  is  no  absolute  fixedness  in  the  rotation  of 
the  syphilides.  In  the  earliest  periods  there  is  usually  a  generalized 
hypersemia  of  the  skin  (Syphilitic  erythema  or  roseola).  A  more  local 
development  of  elevated  papules,  generally  in  groups,  constituting  the 
syphilitic  lichen,  is  the  usual  form  to  follow.  In  these  papules,  the  corium, 
especially  its  superficial  layers,  and  to  a  certain  extent  the  epidermis, 
are  infiltrated  with  round  cells ;  generally  there  is  desquamation  of 
epidermis,  and  this  is  sometimes  very  prominent.  Occurring  in  the 
palms  of  the  hands  and  soles  of  the  feet  this  desquamation  is  so 
characteristic  as  to  give  rise  to  the  designation  syphilitic  psoriasis,  the 
resemblance  to  psoriasis  being  increased  by  the  fact  that  the  papules 
after  a  time  coalesce  and  there  is  thus  produced  a  generally  raised 
surface. 

The  Condyloma  {Plaque  muqueuse,  mucous  tubercle)  is  a  further  and 
usually  a  later  development  of  the  papule.  It  occurs  generally  in 
situations  where  two  surfaces  of  the  skin  are  in  contact  and  are  thus 
kept  moist,  as  in  the  neighbourhood  of  the  genital  organs,  in  the  axilla, 
beneath  the  mamma,  etc.  We  have  here  a  very  marked  and  extensive 
infiltration  of  the  papillary  layer  of  the  skin  with  round  cells,  so  that 
an  elevated  surface  is  formed.    Sometimes  there  is  a  special  elongation 
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of  the  papilte,  SO  that  a  warty  surface  is  produced,  giving  rise  to  the 
Pointed  condyloma.  Sometimes  the  condyloma  breaks  down  on  the 
surface  and  an  ulcer  forms. 

The  syphilitic  papules  sometimes  develop  into  pustules  or  vesicles. 
The  pustule  forms  by  the  epidermis  being  raised  from  the  surface, 
while  a  fluid  inflammatory  exudation  occurs  between  it  and  the  corium, 
which  latter  remains  infiltrated  with  round  cells.  The  pustule  or 
vesicle  and  its  infiltrated  base  may  enlarge  so  as  to  produce  a  broad 
bleb  on  a  red  raised  base  {Syphilitic  pemphigus).  The  blebs  often  dry-in 
and  form  raised  crusts  (Eupia).  In  these  cases  the  pustules  are  as  if  on 
the  surface  of  condylomata.  This  is  still  more  the  case  in  Pemphigus 
neonatorum,  which  is  one  of  the  manifestations  of  hereditary  syphilis. 
Here  the  corium  is  affected  somewhat  as  in  the  condyloma,  but  the 
infiltration  has  more  the  characters  of  granulation  tissue.  In  the 
condyloma  the  structure  of  the  skin  remains  to  a  great  extent,  but  it  is 
infiltrated  with  round  cells,  which  are  mostly  leucocytes.  In  pemphigus 
neonatorum,  however,  the  tissue  is  replaced  by  a  vascular  tissue  in 
which  are  many  large  cells,  the  condition  approaching  to  that  of  the 
gumma.  On  the  surface  of  this  the  epidermis  is  raised,  forming  a 
vesicle  or  pustule. 

(c)  The  Grumma. — This  is,  as  we  have  seen,  a  special  tertiary  mani- 
festation. It  begins  as  a  hard  swelling  in  the  cutis.  It  increases  in 
size  and  raises  the  surface,  sometimes  forming  a  tumour  of  considerable 
dimensions.  The  gumma,  which  may  be  multiple,  is  prone  to  ulcera- 
tion. The  Gummatous  ulcer  somewhat  resembles  the  hard  chancre, 
being  an  indolent  ulcer  with  a  hard  base.  There  may  be  extensive 
destruction  of  the  skin  by  the  gradual  extension  of  the  ulcer. 

2.  Tuberculosis  of  the  skin.  Lupus.  Scrofuloderma. — The  skin 
from  its  position  is  much  exposed  to  tubercular  infection.  The 
cutaneous  surface,  however,  cannot  be  regarded  as  very  susceptible  to 
this  infection.  Tuberculosis  varies  somewhat  according  to  the  region  of 
the  skin  which  is  affected.  The  most  frequent  and  characteristic  form 
is  Lupus. 

Lupus  occurs  mostly  in  children,  and  attacks  chiefly  the  face.  The 
tubercle  bacillus  having  obtained  a  footing  produces  an  advancing 
infiltration  of  the  cutis  with  granulation  tissue,  in  the  midst  of  which 
giant-cells  and  sometimes  defined  tubercles  are  frequently  visible. 
These,  however,  are  apt  to  be  overwhelmed  by  the  cellular  infiltra- 
tion. There  is  commonly  an  exaggeration  of  the  epidermis,  so  that 
epidermic  processes  may  penetrate  into  the  granulation  tissue. 
With  all  this  there  is  a  destruction  of  the  specific  structures  of  the 
skin.    The  sebaceous  glands  and  hair  follicles  are  destroyed,  but  it 
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is  said  that  the  sweat  glands,  being  situated  beneath  the  cutis,  are 
spared. 

The  tubercular  new-formation  undergoes  degenerative  changes,  which 
lead  frequently  to  ulceration,  but  sometimes  cause  cicatrization  without 
ulceration. 

The  appearances  presented  to  the  naked  eye  vary  considerably. 
There  is  a  local  infiltration  of  the  skin,  giving  an  irregular  raised 
surface.  The  thickening  may  be  very  great  {L.  hypertrophicus) ;  or 
there  may  be  considerable  thickening  and  desquamation  of  the  epi- 
dermis {L.  exfoliativus).  Ulceration  is  frequently  manifest  (L.  exedens 
or  ulcerans),  and  the  ulcers  are  often  very  varied  in  shape ;  or  ulcera- 
tion may  be  absent  {L.  non-exedens). 

Lupus  is  not  usually  accompanied  by  tubercular  manifestations  in 
other  parts,  except  that  the  associated  lymphatic  glands  are  not 
infrequently  affected. 

Scrofuloderma  is  a  term  whose  definition  from  lupus  is  not  easily 
made.  It  is  mostly  secondary  to  tuberculosis  in  the  glands  or  sub- 
cutaneous tissue.  The  primary  seat  being  usually  beneath  the  cutis 
the  latter  is  attacked  irregularly,  and  there  may  be,  over  an  extended 
surface,  many  irregular  swellings  with  ulcerations.  There  may  be  great 
thickening  of  the  skin,  such  as  to  cause  some  resemblance  to  elephanti- 
asis in  cases  where  the  leg  is  affected. 

The  Pathological  wart,  consisting  as  it  does  of  a  tuberculo.sis  of  the 
skin,  has  all  the  characters  of  lupus.  It  arises  by  inoculation  of  the 
tubercle  bacillus  in  the  course  of  post-mortem  work.  There  is  at  first 
a  more  or  less  acute  localized  inflammation,  which  gradually  subsides 
into  a  chronic  thickening,  the  surface  of  which  often  shows  exaggerated 
papillge  like  those  of  a  wart.  There  is  not  much  tendency  to  exten- 
sion, and  not  much  inclination  to  healing. 

3.  Leprosy  in  its  cutaneous  or  so-called  tubercular  form  has  been 
already  described. 

4.  Elephantiasis  has  also  been  considered  at  pages  210  and  211. 

5.  Granuloma  fungoides  (mycosis  fungoides). — This  is  a  disease  of  the 
skin  and  subcutaneous  tissues  with  close  analogies  to  sarcoma.  Any 
part  of  the  surface  may  be  affected,  and  the  lesions  are  usually  multiple. 
In  the  early  stages  there  is  erythema  with  slight  swelling;  later,  nodular 
elevations,  growing  often  into  large  fungoid  tumours,  appear.  The 
tumours  are  firm,  flesh  coloured  or  distinctly  red.  Necrosis  and 
haemorrhage  may  occur.  One  of  the  striking  features  of  the  disease 
is  the  rapid  disappearance  and  reappearance  of  certain  of  the  tumours. 

Microscopically  there  is  nothing  very  distinctive.  The  appearances 
resemble  what  is  met  with  in  lymphadenoma  or  round-celled  sarcoma 
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<F]g.  717).  Although  various  forms  of  microbes  have  been  described 
as  occurring  in  the  tissues,  the  causation  of  the  disease  is  still 
unknown. 

6.  Framboesia.  Yaws.  Plan.— The  disease  called  by  these  names, 
of  which  the  two  last  are  the  local  designations,  presents  many 
analogies  with  syphilis.  Some  European  observers  have  believed  it  to 
be  syphilis,  but  those  who  have  actually  come  into  contact  with  the 
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Fig.  717. — Granuloma  fungoides.  From  the  mar'gin  of  a  nodule  in  the  subc\itaueous 
tissue.    X  150. 


disease  have  denied  the  identity.  It  is  met  with  almost  solely  in  the 
coloured  races,  but  this  is  probably  because  of  local  circumstances 
and  habits.  It  is  endemic  in  certain  tropical  lands,  chiefly  the 
tropical  parts  of  America,  including  the  West  Indies  and  parts  of  North 
and  South  America,  the  West  and  East  Coasts  of  Africa,  many  of  the 
African  islands,  and  some  of  those  of  the  Pacific. 

The  disease  is  acquired  by  contagion  or  inoculation,  and  begins 
mostly  in  childhood,  although  the  first  year  is  usually  exempt.  A 
period  of  incubation  of  three  to  ten  weeks  is  followed  by  the  Primary 
sore  at  first  in  the  form  of  a  papule,  followed  by  an  ulcer,  the  floor 
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of  which  consists  of  granulation  tissue.  The  lesion  is  seldom  on  the 
genital  organs,  and  it  is  not  indurated. 

There  is  next  a  Secondary  stage,  which  usually  begins  after  the 
primary  one  has  healed.  It  is  associated  with  fever  and  general 
symptoms,  and  is  characterized  by  a  cutaneous  eruption.  The  eruption 
is  at  first  merely  congestive,  but  papules  develop,  most  of  which 


Fig.  718. —Section  of  akin  iu  fraiubcesia,  from  a  part  where  the  disease  was  not 
very  far  advanced.  The  papUlary  layer  of  the  cutis  is  seen  to  be  replaced  by  granula- 
tion tissue,  while  the  epidermis  is  preserved  on  the  surface,    x  7S. 


disappear,  but  some  persist  and  enlarge,  and  there  are  formed  areas 
of  protruding  fungating  granulations  which  are  sometimes  called 
tubercles.  These  tubercles  have  been  compared  to  raspberries,  and 
from  this  is  derived  the  name  Frambcesia  { framboise  a  raspberry),  but 
they  do  not  usually  have  the  bright  red  colour  of  that  fruit.  There  is 
some  discharge  of  pus  from  the  tubercles.  These  secondary  tubercles 
may  be  very  few,  and  they  have  not  a  symmetrical  arrangement.  The 
microscopic  structure  is  that  of  ordinary  granulations.  It  is  comparable 
with  that  of  the  condylomata  of  syphilis,  but  the  tubercles  are  not,  like 
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these  limited  to  the  neighbourhood  of  the  mouth  and  genitals,  and 
they  do  not  occur  in  the  mucous  membranes. 

The  Tertiary  stage  may,  like  that  of  syphilis,  supervene  long  after 
the  heahng  of  the  secondary  stage,  or  it  may  almost  directly  follow  it. 
There  are  chiefly  extensive  ulcerations  of  the  skin,  and  sometimes  of 
the  mucous  membranes.  There  are  no  proper  gummata  and  there  is 
no  caseous  condition,  but  simply  an  exuberant  growth  of  granulations 
which  break  down  and  form  ulcers.  At  the  advancing  edge  the 
granulation  tissue  may  be  seen  advancing  in  the  superficial  layers  of 
the  cutis,  as  in  Fig.  718.  These  ulcerations  are  most  common  on  the 
legs,  and  extensive  thickenings  and  ulcerations  may  supervene  so  as  to 
produce  resemblances  to  elephantiasis  and  leprosy.  In  this  stage  there 
IS  an  occasional  extension  to  the  periosteum,  but  not  apparently  to  the 
nervous  system. 

The  analogies  with  syphilis  are  obvious  from  the  above  description. 
The  points  of  difference  are  chiefly  the  early  age  of  its  occurrence,  its 
endemic  character,  the  fact  that  the  secondary  stage  is  characterized  by 
tubercles  of  granulation  tissue  rather  than  polymorphous  eruptions,  the 
difference  in  structure  and  locality  of  the  tertiary  lesions,  and  the 
absence  of  any  aff'ection  of  the  lymphatic  glands.  From  the  author's 
own  observation  of  a  case  of  Framboesia  he  is  convinced  that  the  two 
diseases  are  perfectly  distinct. 

Literature. — Framboesia — See  a  very  complete  account  of  the  dis.  with  literature, 
etc.,  by  J.  NuMA  Eat,  Prambcesia  (Yaws),  with  prefatory  remarks  by  Jonathan 
Hutchinson,  1891 ;  New  Sydenham  Society  Atlas  fass.,  i.  and  ii.,  1902. 

v.— TROPHONEUROSES  OP  THE  SKIN. 

We  include  under  this  heading  lesions  of  the  skin  in  which,  by  reason 
of  disease  of  the  nervous  system,  such  changes  occur  in  the  nutritive 
processes  as  to  lead  to  definite  anatomical  results.  The  existence  of 
separate  trophic  nerves  for  the  skin  has  not  been  demonstrated.  But 
there  are  evidences,  especially  in  pathological  processes,  that  trophic 
centres  exist,  and  that  fibres  convey  impulses  of  this  kind  to  the  skin. 
The  ganglia  of  the  posterior  roots  of  the  spinal  nerves  and  the  similar 
Gasserian  ganglion  seem  to  contain  trophic  centres,  and  the  trophic 
fibres  are  either  identical  with  the  sensory  ones  or  run  along  with 
them. 

Causation. — We  have  already  seen  that  certain  conditions  of  the 
nerves  lead  to  disorders  of  the  circulation  in  the  skin  (vide  ante),  and 
that  some  of  these  affections  graduate  towards  inflammations.  We 
have  here  to  consider  conditions,  more  or  less  definitely  related  to  the 
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nerves,  in  which  pronounced  structural  changes  occur,  many  of  them 
having  the  characters  of  inflammation.  i  re    n  . 

The  exact  relation  of  the  lesions  to  the  nerves  is  often  difficult  to 
determine.  On  the  one  hand,  it  is  undoubted  that  interference  with 
the  nerves  by  division  or  by  irritation  induces  lesions  of  the  skm. 
Igain  locomotor  ataxia  is  often  accompanied  by  cutaneous  eruptions, 
especially  during  the  early  stage.  These  are  probably  the  result  of 
the  irritation  of  sensory  nerves.  Further,  there  are  skin  lesions  which 
apparently  arise  by  irritants  in  the  blood  attacking  the  nerves.  This 
possibly  applies  to  some  cases  of  urticaria  and  erythema  nodosum,  and 
is  asserted  also  to  have  to  do  with  the  causation  of  herpes.  On  the 
other  hand,  it  is  difficult  to  assign  the  exact  modus  opermdi  of  the 
nerve-condition  on  the  lesions  in  the  skin.  The  influence  may  be 
exercised  by  means  of  the  blood  supply,  but  also  more  directly.  It  can 
scarcely  be  thought  that  the  nerve-lesions  in  themselves  are  capable  of 
producing  inflammations  of  the  skin,  for  which  the  action  of  irritants  is 
necessary,  but  nerve-conditions  may  so  afi"ect  the  skin  that  ordinary 
stimuli,  as  of  friction,  etc.,  may  come  to  act  as  irritants  and  induce 
inflammation.  In  such  cases  the  nerve-lesion  is  the  most  important 
element  in  the  causation. 

1.  Cutaneous  lesions  in  nerve-leprosy.— These  have  been  already 
referred  to.  They  consist  chiefly  in  alterations  in  colour,  with  ulcera- 
tions which  are  probably  to  be  ascribed  to  the  ansesthesia. 

2.  Cutaneous  lesions  due  to  nerve-syphilis. — When  syphilis  attacks 
the  peripheral  nerves  there  are  cutaneous  eruptions,  often  characterized 
by  long-continued  pigmentation.  These  are  distinguished  from  ordinary 
syphilides  by  their  persistent  local  distribution. 

3.  Herpes. — The  two  principal  divisions  of  herpes  are  to  be  dis- 
tinguished in  their  general  causation,  although  similar  in  their  ana- 
tomical characters.  On  the  one  hand.  Herpes  facialis  and  Herpes 
genitalis  occur  in  the  course  of  a  number  of  acute  febrile  diseases,  such 
as  pneumonia,  cerebro-spinal  meningitis,  and  malaria,  being  particularly 
frequent  in  pneumonia.  It  is  probable  that  the  infective  agent  acts  on 
the  nerves  of  these  parts,  and  so  leads  to  the  affection.  On  the  other 
hand.  Herpes  zoster  is  related  to  an  unknown  irritant  which  attacks 
the  particular  nerve  stems,  producing  neuralgia.  The  eruption  is  limited 
to  the  distribution  of  particular  nerves,  and  is  strictly  unilateral.  It  is 
frequently  related  to  an  intercostal  nerve,  or  it  may  occur  on  one  side 
of  the  face  in  connection  with  a  neuralgia  of  the  fifth  nerve. 

The  eruption  in  the  skin  is  in  the  form  of  vesicles  which  somewhat 
rapidly  pass  through  a  series  of  changes.  There  is  first  a  group  of 
slight  elevations  occupying  a  reddened  patch  of  skin,  and  each  of  these 
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rapidly  develops  a  vesicle;  in  a  few  days  the  vesicle  dries  up  into  a 
crust  under  which  fresh  epidermis  is  formed.  In  its  details  the  eruption 
IS  inflammatory.  There  is  hyperemia  and  adema  of  the  papillary  layer 
of  the  skm.  The  serous  exudation  collects  in  the  Malpighian  layer  of 
the  epidermis,  separating  its  cells  just  as  in  the  case  of  the  small-pox 
eruption.  The  vesicle  is  divided  by  a  network  composed  of  the  elongated 
and  'contorted  epidermic  cells,  which  often  present  clear  spaces  or 
vacuoles  in  their  substance.  In  the  serous  contents  of  the  vesicles 
there  are  leucocytes,  and  these  may  accumulate  till  the  fluid  approaches 
to  the  nature  of  pus.  The  papillary  layer  is  also  frequently  the  seat  of 
infiltration  with  round  cells.  Occasionally  there  is  hBe.morrhage,  and 
the  papillary  layer  of  the  skin  may  be  destroyed,  so  that  when  healing 
occurs  by  granulation  a  cicatrix  may  be  the  result. 

The  nervous  origin  of  herpes  has  been  abundantly  established.  Direct  injury 
to  a  nerve,  as  by  a  gunshot  or  other  wound,  may  cause  it.  It  is  to  be  presumed 
that,  in  this  case,  the  inflammatory  process  in  the  wound  irritates  the  nerve,  and 
the  cutaneous  inflammation  may  be  regarded  as  due  to  the  irritation  of  trophic 
fibres. 

A  herpetic  eruption  may  arise  from  disease  of  the  spinal  cord  and  brain.  In  the 
case  of  the  cord  it  is  chiefly  in  locomotor  ataxia  that  we  meet  with  herpes,  and 
the  eruption  is  accompanied  by  the  severe  pains  characteristic  of  that  disease. 
"We  know  that  in  locomotor  ataxia  the  posterior  columns  of  the  cord  are 
affected,  and  this  would  indicate  that  the  cutaneous  trophic  fibres  run  in  these 
parts,  while  the  coincidence  of  neuralgic  pains  also  indicates  a  sensory  locality.  It 
is  here  again  to  be  presumed  that  the  lesion  producing  the  herpes  is  an  irritative 
one  as  indicated  by  the  violent  coincident  pains.  But  we  may  have  herpetic  erup- 
tions from  disease  in  the  brain.  There  are  cases  recorded  in  which  one  half  of  the 
body  was  affected,  and  in  some  of  these  there  was  a  hemiplegia  due  to  a  coarse 
lesion  in  the  brain.  There  are  also  a  few  cases  on  record  of  universal  or  nearly 
universal  herpes. 

4.  Glossy  skin.^ — This  name  was  applied  by  Paget  to  a  condition 
which  he  observed  in  connection  with  injuries  or  wounds  of  the  nerves. 
There  is  here  again  indication  of  irritation  of  the  nerves,  as  there  is 
always  neuralgic  pain,  described  by  Mitchell  as  burning  pain.  The 
condition  also  occurs  sometimes  after  an  attack  of  herpes  (Paget),  and 
it  may  be  associated  with  eczema.  It  may  also  follow  disease  of  the 
spinal  cord  (Mitchell). 

The  disease  occurs  mainly  in  the  hand,  and  especially  in  the  fingers. 
The  affected  fingers  "are  usually  tapering,  smooth,  hairless,  almost 
devoid  of  wrinkles,  glossy,  pink,  or  ruddy,  or  blotched  as  if  with 
permanent  chilblains "  (Paget).  The  most  striking  peculiarity  is  the 
shining,  glossy  appearance  of  the  surface  as  if  it  had  been  varnished. 
The  condition  has  been  compared  to  chilblains,  but  sometimes  the 
appearance  is  rather  that  of  highly  polished  scars,  and  it  more 
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closely  resembles  morphoea.  In  the  affected  parts  tlie  hairs  mostly 
disappear,  and  the  nails  undergo  peculiar  changes.  The  atter  become 
areatly  curved,  much  more  than  in  cases  of  phthisis,  while  the  skin  at 
the  root  of  the  nail  becomes  retracted,  leaving  the  sensitive  matrix 
partly  exposed.  The  disease  affects  mainly  the  fingers  and  toes,  but  it 
may  extend  to  the  palm  of  the  hand  or  the  dorsum  of  the  foot.  The 
histological  details  of  this  condition  are  little  known. 

5  Scleroderma  and  Morphcea.— The  name  scleroderma  adultorum 
is  given  to  a  rare  form  of  sldn  disease  which  affects  considerable  areas 
and  is  usually  symmetrical.  Morphcea  or  Addison's  keloid  has  similar 
anatomical  characters,  but  occurs  in  localized  patches. 

In  the  more  diffuse  form  of  scleroderma  proper,  extensive  tracts  of 
skin  are  sometimes  involved,  such  as  the  greater  part  of  the  face,  the 
arms,  etc.  In  a  case  observed  by  the  author,  the  face,  chest,  and  both 
forearms  and  hands  were  affected,  and  dry  gangrene  had  occurred  in 
the  fingers,  which  had  a  stiff  black  appearance. 

The  nature  of  these  affections  is  not  quite  determined,  but  many  facts  point  to  a 
nervous  origin.  There  is  the  symmetrical  character  of  the  lesion  and  its  wide 
distribution,  as  well  as  the  fact  that  lesions  of  the  sympathetic  have  been  believed 
to  give  rise  to  it.  The  lesions,  consisting  of  a  slow  increase  of  the  connective  tissue 
with  atrophy  of  the  special  structures,  resemble  those  which  occur  in  muscles  as  a 
result  of  severance  from  their  trophic  centres. 

In  its  anatomical  details  the  skin  in  both  forms  presents  characters 
which  may  be  summarized  as  atrophy  with  chronic  inflammation.  The 
papillss  are  mostly  flattened,  and  the  cutis  thinner  than  normal ;  the 
cutis  is  composed  also  of  more  homogeneous  connective  tissue  than 
usual,  having  somewhat  the  characters  of  cicatricial  tissue,  and  less 
fibrous  than  that  of  the  noi'mal  skin.  This  condition  extends  some- 
what to  the  subcutaneous  tissue  where  the  fat  is  to  a  considerable 
extent  atrophied,  apparently  by  the  encroachment  of  the  connective 
tissue. 

The  hairs  are  also  atrophied  in  the  affected  areas,  and  there  is 
alopecia  when  the  patches  extend  to  the  hairy  scalp.  The  evidence 
of  chronic  inflammation  is  the  existence  of  abundant  nuclei  in  the 
altered  skin.  These  are  usually  aggregated  around  the  blood-vessels, 
but  they  are  also  seen  around  sebaceous  glands  and  under  the  rete 
Malpighii. 

Complete  recovery  seems  to  be  not  uncommon-  in  this  disease, 
although  it  may  be  slow. 

Allied  to  scleroderma  in  the  general  characters  of  the  lesion  in  the 
skin  is  the  condition  commonly  designated  Sclerema  neonatorum.  In 
this  disease  the  skin,  usually  of  the  lower  extremities,  is  hard  and 
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swollen,  so  that  movement  of  the  limbs  is  curtailed.  When  it  persists 
tor  some  time  the  skin  may  be  like  parchment. 

lft?^.*''M '''''■■~^r^''r^''^'''''  ^"^^  lesions  traumat., 

1875  ;  Mit™,  Injuries  of  nerves,  etc.,  1872;  B.RENSPBnNa,  Charit^-Annalen,  ix., 
1863  ,  Kaposi  Hautkrankh.,  1882  ;  Charcot,  Dis.  of  nerv.  syst.,  i.  (Syd.  Soc),  1877. 
CWpX^m-PAGET,  Med.  Times  and  Gazette,  i.,1864;  Mitchkll,  loc.  cit.;  Bowlbt 
Injuries  and  Dis.  of  nerves,  1889.  Scferoderma-HiLTON  Fagoe,  Guy's  Hosp.  Eep., 
1867,  XV.,  187;  Chiaei  und  Madee,  Vierteljahrschr.  f.  Dermat.  u.  Syph.,  1878-  Hui- 
CHrNsoN,  Lect.  on  clin.  surg.,  1878  ;  Schwimmee,  Die  neuropath.  Dermatosen,'  1883- 
MCai,.ian,  Glas.  Med.  Jour.,  xvi.,  1881;  Steven,  ibid.,  xxvi.,  1886  ;  Eeben, 
Vierteljahrsch.  f.  Dermat.,  xv.,  1888;  Lewin  and  Heller  (literature  very  full). 
Chants- Annalen,  xix.,  1894;  Ballantyne  (Sclerema),  Brit.  Med.  Jour.,  1890,  i.,  403. 
Addison's  Keloid— A^msoi,,  Published  writings  (Syd.  Soc),  1869;  Hilton  fIgge, 
loc.  cit.;  Hdtchinson,  loe.  cit. 


VI. -HYPERTROPHIES  AND  TUMOURS  OF  THE  SKIN. 

1.  Ichthyosis. — This  is  a  disease  which  apparently  owes  its  origin  to 
a  congenital  defect  in  the  constitution  of  the  skin.  The  disease  itself 
is  sometimes  manifest  at  birth,  but  if  not  it  begins  in  the  earlier  years 
of  life,  gradually  extends  over  the  whole  body,  and  continues  during 
life.    It  is  in  a  striking  manner  inherited  (see  under  Inheritance). 

It  consists,  anatomically,  in  an  affection  of  the  epidermis,  which  is 
sometimes  greatly  thickened  and  irregular.  The  thickened  epidermis 
forms  scales  of  large  or  small  size,  sometimes  producing  merely  a 
furfuraceous  exfoliation,  but  in  more  severe  cases  giving  rise  to  large 
plates  like  fish  scales.  From  this  latter  appearance  the  name  of  the 
disease  is  derived.  The  scales  do  not  consist  entirely  of  epidermis,  but 
contain  sebaceous  material,  which  is  sometimes  so  abundant  as  to  give 
the  scales  a  polished  appearance  like  mother-of-pearl.  The  large  scales 
may  be  so  fixed  as  to  give  an  imbricated  appearance.  The  milder  forms 
of  the  disease,  in  which  there  is  little  more  than  an  excessive  scaliness 
of  the  surface,  are  often  included  under  the  designation  Ichthyosis 
simplex  or  Xeroderma,  while  the  more  severe  forms,  in  which  there  are 
prominent  scales,  are  distinguished  by  the  name  Ichthyosis  cornea  or 
Ichthyosis  hystrix. 

In  the  milder  forms  the  cutis  is  not  markedly  affected,  but  in  some 
cases  the  papillae  are  greatly  elongated.  The  substance  of  the  corium 
is  often  atrophied,  and  the  subcutaneous  fat  deficient. 

2.  Callosity  and  Corn. — This  is  an  exaggeration  of  the  horny  epi- 
dermis occurring  where  the  parts  are  exposed  to  unusual  friction.  It 
is  a  true  hypertrophy,  being  a  direct  provision  of  nature  to  protect  the 
true  skin  from  the  excessive  friction  to  which  it  is  exposed.    The  best 
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example  of  the  Callosity  is  in  the  horny  hands  of  workmen,  but  :t  is 
often  seen  in  the  feet,  at  points  which  are  peculiarly  exposed  to  pres- 
sure. From  the  situations  of  these  callosities,  as  Hebra  pointed  out, 
the  occupation  of  the  person  may  often  be  made  out. 

The  Corn  {Clams)  is  closely  related  to  the  callosity.  Here,  also, 
there  is  friction,  but  it  is  associated  with  compression.  It  occurs  chiefly 
in  the  foot  where  there  is  a  concentric  pressure  from  ill-fitting  boots, 
and  friction  against  either  the  boot  or  a  neighbouring  toe.  There  is, 
as  in  the  former  case,  an  excessive  new-formation  of  horny  epidermis, 
but,  by  the  concentric  pressure,  the  layers  of  epidermis  have  their 
directions  changed,  and  growing  against  each  other,  they  are  projected 
inwards  towards  the  cutis.  There  is  thus  an  ingrowing  kernel  of  hard 
horny  epidermis  which  has  given  rise  to  the  name  of  corn.  The  cutis 
is  irritated  and  undergoes  atrophy.  Around  the  kernel  or  "  core  " 
the  epidermis  is  always  thickened,  the  condition  being  like  that  of  the 
callosity. 

3.  Common  or  Hard  wart  {Verruca  dura). — This  maybe  variously 
regarded  either  as  a  tumour  or  a  hypertrophy  of  the  skin.  The  fre- 
quently multiple  character  of  the  common  wart  and  its  grouping  suggest 
an  infective  origin.  It  consists  of  a  local  exaggeration  of  the  normal 
structures  and  occurs  in  numbers  in  the  same  person.  A  group  of 
papillte  are  elongated,  and  the  epidermis  over  them  thickened,  so  that 
the  characters  are  those  of  a  hard  papilloma. 

The  Horn  is  of  similar  structure  to  the  wart,  but  the  papillas  are 
usually  more  elongated,  while  the  horny  layer  of  the  epidermis  is 
compacted  into  a  more  consistent  mass  which  forms  a  prominent 
outgrowth  (see  Figs.  145,  146,  pp.  314,  315). 

4.  Soft  wart  ( Verruca  mollis)  and  Pigmented  mole  {Ncevus pigmeniosus) 
are  closely  allied  conditions.  They  are  very  often  congenital,  or 
they  occur  very  early  in  life,  and  usually  remain  stationary  through- 
out life.  They  are  small  or  large  elevations  of  the  skin,  either 
colourless  or  pigmented,  and  frequently  beset  with  hairs.  Many  of 
them  present  the  structure  shown  in  Fig.  719,  which  places  them  in 
the  category  of  true  tumours.  They  are  covered  by  epidermis  which 
shows  little  dilFerence  from  the  normal.  But  instead  of  the  normal 
tissue  of  the  cutis  beneath  the  epidermis  there  are  masses  of  cells 
separated  by  connective  tissue.  The  cells  in  these  nests  are  usually 
large  and  resemble  large  sarcomatous  cells.  The  presumption  is  that 
these  structures  are  really  survivals  of  the  foetal  condition,  and  their 
importance  in  relation  to  tumours  has  already  been  referred  to.  In 
their  structure  it  will  be  observed  that  these  warts  are  much  more 
like  tumours  than  the  ordinary  warts,  and  that  their  tissue  conforms  to 
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that  of  the  sarcomas.  Sometimes  a  soft  wart  is  composed  of  a  mass  of 
adipose  tissue  covered  by  epidermis. 


Mg.  719. — Section  of  a  soft  wart.  It  is  covered  with  epidermis  and  consists  of  a 
very  cellular  tissue.  The  cells  are  spindle-shaped.  To  the  left  a  haii--fomcle  and 
a  sebaceous  gland  are  shown. 


5.  Angioma.  Vascular  nsevus. — In  the  skin  we  meet  with  all  the 
three  forms  of  vascular  tumour  already  referred  to — the  venous,  capil- 


Pig.  720.  — Angio-sarcoma  of  arm.  There  had  boon  a  cavernous  angioma  first  noticed 
at  ton  years  of  age,  but  increasing  gradually  from  the  age  of  twonty-oue.  It  liad 
grown  more  rapidly  for  the  last  four  or  five  years.  Before  removal  it  formed  a 
prominent  erectile  tumour.    The  patient  was  a  man  aged  forty-five  yoai-s.    x  100. 

lary,  and  cavernous.  The  ordinary  nasvus,  which  is  in  the  form  of  a 
flat,  more  or  less  extensive  area  of  a  bright  or  bluish-red  colour,  con- 
gists  essentially  of  enlarged  veins.    This  seldom  becomes  prominent 
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and  is  not  erectile.  It  is  a  congenital  lesion,  and  its  origin  has  been 
ascribed  to  faulty  union  of  the  foetal  fissures,  more  especially  the 
branchial  clefts.  According  to  Unna,  however,  it  is  due  rather  to  pres- 
sure of  the  foetus  against  the  more  resisting  maternal  parts,  especially 
in  cases  when  the  amnionic  fluid  is  deficient.  The  capillary  and  caver- 
nous angiomata  are  more  prominent  tumours.  Whilst  mostly,  like  the 
venous  form,  congenital  in  origin,  these  are  liable  to  enlarge  during 
extra-uterine  life.  In  some  cases  the  cavernous  form,  after  many 
years  of  quiet  existence,  takes  on  a  sarcomatous  action,  so  as  to  form 
an  angiosarcoma,  as  shown  in  Fig.  720,  in  this  respect  showing 
analogies  with  the  congenital  soft  wart.  When  this  occurs  the  walls 
of  the  vascular  spaces  become  highly  cellular  as  shown  in  the  figure. 
These  cellular  trabeculse,  it  will  be  observed,  have  their  own  capillary 
vessels. 

The  most  frequent  seat  of  vascular  nsevi  is  the  head,  more 
particularly  the  eyelids,  cheeks,  ear,  nose,  and  lips.  According  to 
Unna,  they  are  present,  often  merely  as  slight  marks,  near  the  vertex 
of  the  head  in  from  1 0  to  20  per  cent,  of  persons.  They  occur  less 
frequently  on  the  trunk  and  limbs. 

6.  True  keloid.—  This  is  an  elevation  of  the  skin  which  has  in  its 
marginal  parts  branching  processes  extending  out.  There  is  evidently 
considerable  contraction  and  dragging  produced  by  the  central  tumour 
and  the  radiating  processes,  so  that  the  skin  is  puckered  around  as  in 
the  case  of  a  contracting  cicatrix.  The  lesion  has  many  of  the  char- 
acters of  a  definite  tumour.  It  is  composed,  in  the  fully  developed 
state,  of  dense  connective  tissue  which  may  be  unduly  cellular.  The 
new-formation  has  its  seat  in  the  deeper  layers  of  the  cutis,  and  it  is 
stated  that  the  papillary  layer  is  intact.  In  the  earlier  stages  it  con- 
sists mainly  of  spindle  cells,  and  Virchow  therefore  regarded  it  as  a 
sarcoma.  The  analogy  to  the  sarcoma  is  supported  by  the  fact  that 
the  tumour  recurs  on  removal.  The  most  common  site  of  keloid  is 
the  front  or  back  of  the  chest,  but  it  is  found  in  other  parts. 

The  name  of  False  keloid  is  sometimes  used  to  designate  a  condition 
which  occurs  in  Scars.  A  localized  thickening,  usually  in  the  midst  of 
a  large  cicatrix,  as  from  a  burn  or  an  ulcer,  presents  itself,  and  there 
are  raised  processes  passing  out  from  it  as  in  the  true  keloid.  This  is 
commonest  in  tubercular  subjects. 

7.  MoUuscum  contagiosum  {Epithelioma  inolluscum). — This  name  is 
applied  to  small  multiple  growths  of  the  skin,  occurring  chiefly  on 
the  face  and  showing  a  preference  for  the  eyelids,  but  sometimes 
extending  so  as  to  be  almost  universal  over  the  body.  The  individual 
nodules  have  been  compared  to  pearl  buttons,  which  they  resemble  in 
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their  Circular  shape  and  central  depression,  but  they  are  usually  pink 
in  colour.    There  is  considerable  elevation  of  the  little  growth,  and 
although  generally  sessile,  it  sometimes  becomes  pedunculated  and  mav 
even  drop  off. 

The  little  nodule  (see  Fig.  721)  consists  essentially  of  new-formed 
epithelium,  in  the  cells  of  which  the  peculiar  bodies  form  which  some 
regard  as  parasitic  protozoa  (see  under  Cancer).  The  whole  tumour 
looks  like  an  enlarged  and  altered  sebaceous  gland  with  its  lobules  and 
central  duct,  but  the  observations  of  Virchow,  Thin,  and  others  render 
It  very  doubtful  if  the  lesions  have  this  origin.    Thin  believes  that 


Fig.  721. — MoUuscum  Contagiosum.    x  200. 


the  infective  agent  gets  in  by  the  hair  follicles  and  stimulates  the  Mal- 
pighian  layer  of  the  epidermis  to  new-formation.  The  sebaceous  glands 
are  really  pushed  aside  by  the  growing  tumour. 

The  disease  depends  on  some  virus,  and,  as  the  name  implies,  it 
is  contagious.  It  generally  occurs  in  groups  in  the  same  person, 
as  if  spreading,  and  several  members  of  the  same  family,  or  several 
persons  living  together,  are  usually  affected  simultaneously.  It  is 
usually  seen  in  children,  but  occurs  also  in  adults. 

8.  Fibroma  molluscum. — This  condition  is  to  be  carefully  dis- 
tinguished from  that  just  mentioned.    In  it  there  are  large  numbers 
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of  tun,ours  over  the  surface  of  the  body,  which  are  composed  of 
fibrous  tissue.  The  annexed  figure  (Fig.  722)  gives  a  graphic  picture 
of  the  condition.  The  subject  was  a  Hindoo  aged  85  years,  who  had 
been  atfected  for  44  years. 


His  general  health  did  not  suffer. 


Fig.  72"J.  —  Fibruma  uiolhiHcuiii  iu  a  mail  aged  cighty-ti\'e  j'cars,  who  had  bcGU 
affected  tor  forty-four  years.    (From  a  photogi-aph  lent  by  Ur.  H.  E.  Jones.) 

Small  Fibromas  have  been  frequently  observed  in  the  skin  in 
rheumatic  cases,  especially  in  children.  They  are  usually  temporary. 
Larger  tumours  have  been  observed  associated  with  rheumatism  in 
adults. 
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The  Myoma  of  the  skin  occurs  either  as  a  single  small  tumour 
constituting  the  painful  subcutaneous  tubercle  of  Wood  (see  unde 
Myoma),  or  in  the  multiple  form. 

9.  Xanthoma  or  Xanthelasma.-This  name  is  applied  to  slight 
elevations  of  the  skin  of  a  yellowish  colour.  They  occur  mostly  on 
the  eyelids,  where  they  appear  as  firm  yellow  patches,  which  are 
usually  quite  flat,  but  may  be  slightly  tuberculated.  They  consist 
of  firm  connective  tissue  in  which  finely  divided  fat  granules  are 
abundantly  present.  The  latter  give  the  opaque  yellow  character  to 
the  lesion. 

10.  Of  the  remaining  simple-tissue  tumours,  the  Lipoma  is  common 
originating  m  the  subcutaneous  tissue.  The  Myxoma  is  not  infrequent! 
and  the  Enchondroma  and  Osteoma  very  unusual. 

11.  Xeroderma  pigmentosum.— This  disease,  with  its  prolonged 
course  and  its  final  tendency  to  cancerous  development,  forms  one 
of  the  most  curious  and  most  difiicult  problems  of  pathology.  It  seems 
to  have  as  a  predisposing  cause  a  peculiar  sensitiveness  of  the  skin  to 

■  sunlight.  This  is  shown  by  the  fact  that  it  occurs  in  the  parts  of  the 
skin  exposed  to  the  light,  and  that  it  usually  commences  in  the  second 
year  of  life,  this  being  the  time  when  children  begin  to  run  about  and 
become  more  exposed  to  the  sunlight.  That  this  is  a  constitutional 
peculiarity  appears  from  the  frequency  with  which  the  disease  occurs 
in  several  members  of  the  same  family. 

The  disease  begins  usually  in  spots  of  hypereemia  on  the  exposed 
parts  of  the  body,  which  assume  the  form  of  pigmented  areas  resembling 
ordinary  freckles.  There  follow  on  this,  usually  in  the  course  of  years, 
various  alterations  in  the  skin  in  the  form  of  slight  warty  projections, 
atrophic  areas  in  which  the  skin  is  hard  and  tense,  and  local  dilata- 
tions of  the  vessels.  This  goes  on  usually  for  years  and  is  succeeded 
by  a  condition  in  which  in  one  or  more  places  the  warty  projections 
assume  cancerous  characters,  the  epidermic  cells  penetrating  downwards 
into  the  cutis  vera,  in  the  manner  of  a  regular  epithelioma.  The 
cancer  ulcerates,  and  as  it  extends  at  the  same  time,  there  may  be 
very  great  destruction  of  the  parts,  even  down  to  the  bones.  In  a  case 
seen  after  death  by  the  author,  there  occurred  destruction  of  almost 
the  entire  side  of  the  face,  along  with  large  portions  of  the  temporal 
bone  and  the  superior  and  inferior  maxillae. 

A  somewhat  analogous  disease  occurring  in  adults  has  been  described 
by  Unna  under  the  name  of  Seaman's  skin.  Exposure  to  the  weather 
sometimes  induces  in  seamen  a  condition  of  cyanotic  redness  followed 
by  pigmentation,  thickening  of  the  horny  epidermis,  etc.,  and  on  this, 
at  long  intervals,  Ulcerating  cancer  develops,  just  as  in  the  other  case. 
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12.  Sarcoma.— This  form  of  tumour  is  of  somewhat  frequent  occur- 
rence, and  we  may  have  round-celled,  spindle-celled,  or  melanotic 
growths,  which  may  sometimes  assume  considerable  dimensions. 
Sarcomas  sometimes  originate  in  soft  warts  or  moles,  and  when  they 
do  so  they  frequently  present  a  similar  structure  to  that  described 
above,  namely,  masses  of  large  round  cells  in  a  stroma.  To  this  form 
the  name  Alveolar  sarcoma  is  applicable.  Sarcomas  originating  from 
moles  are  peculiarly  apt  to  be  pigmented. 

Sarcomas  rarely  occur  as  secondary  tumours  in  the  skin,  but  a  case  was 
known  to  the  author  where  multiple  tumours  composed  of  round-celled 
tissue  formed  at  intervals,  in  the  subcutaneous  tissue,  and  some  of  them 
disappeared.  These  were  either  round-celled  sarcomas  or  malignant 
lymphomas. 

13.  Cancers.— The  Epithelioma  of  the  skin  forms  the  majority  of 
the  flat-called  epitheliomas,  and  it  has  been  already  considered. 

The  two  most  interesting  forms  are  the  ordinary  fiat-celled  epithe- 
lioma and  the  rodent  ulcer.  The  former  is  met  with  most  frequently 
in  the  lower  lip,  but  also  occurs  not  uncommonly  in  the  penis  and 
scrotum.  In  the  last  mentioned  seat  it  appears  to  occur  with  special 
frequency  in  chimney-sweepers  and  in  workers  in  paraflin-refineries. 
The  rodent  ulcer  occurs  in  the  face,  especially  on  the  eyelids  and 
the  side  of  nose.  It  occasionally  is  met  with  on  the  trunk  and 
■extremities. 

The  flat-celled  epithelioma  not  infrequently  occurs  in  scars  or  in 
old  ulcers  (see  Figs.  184,  p.  348,  and  186,  p.  350).  In  the  latter 
■case  it  may  penetrate  into  the  sinuses,  and  even  reach  cavities  in 
bones. 

Ordinary  cancer  is  of  rare  occurrence  in  the  skin,  but  cases  have 
been  observed  to  which  the  names  scirrhus  and  soft  cancer  have  been 
given.  It  may  develop  in  a  lupus.  Pigmented  cancers  are  of  occasional 
occurrence,  and  they  are  of  importance  on  account  of  their  tendency  to 
form  secondary  tumours,  first  in  the  lymphatic  glands  and  then 
throughout  the  body.  They  are,  however,  much  less  frequent  than 
melanotic  sarcomas,  with  which  they  are  apt  to  be  confused. 

UteTa.%\ixe.— Ichthyosis— Jkw,  Ichthyosis  congenita,  1869 ;  Kybee,  Wien.  med. 
Jahrb.,  1880;  Hilton  Fagge,  Guy's  Hosp.  Bep.,  xv.,  1869;  Esoff,  Virch.  Arch., 
Ixix.,  1877.  Keloid— ALmmiT,  Malad.  de  la  peau,  1814;  Viechow,  Geschwulste, 
n.;  Neelsen,  Langenbeck's  Arch.,  xxiv.,  Langhans,  Virch.  Arch.,  xl.,  1866. 
Molhiscum  contagiosum-y mcsow,  Virch.  Arch.,  xxxiii.,  1865  ;  Thin,  Jour,  of 
Anat.  and  Phys.,  xvi.,  1881.  JWj/oma— Judassohn,  Virch.  Arch.,  cxxi.,  1890. 
Xeroderma  pigmentosum— KiLVosi,  Wien.  med.  Jahrb.,  1882;  Taylor,  Med.  Eecord, 
1888  ;  M'Call  Anderson,  Dis.  of  skin,  latest  edit.  Seaman's  ivtin— Unna,  inOrth's 
Lehrb.,  1894. 
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VII.— PARASITIC  DISEASES  OF  THE  SKIN. 

We  have  already  seen  that  certain  forms  of  inflammation  are  asso- 
ciated with  the  presence  of  microbes,  especially  the  infective  inflamma- 
tions. We  also  saw  that  leprosy  depends  on  a  specific  bacillus.  These 
do  not  require  further  treatment  here. 

Fungi  are  present  in  three  principal  forms  in  the  skin. 


Fig.  723.— The  fungus  in  favus.    Short  threads  are  shown,    x  350. 

1.  Tinea  favosa  or  Favus.— This  is  a  disease  chiefly  of  the  hairy 
scalp,  although  it  occurs  on  other  parts  of  the  skin  and  also  in  the 
nails.  On  the  scalp  it  forms  crusts  about  the  size  of  split  peas,  which, 
when  removed,  are  usually  seen  to  be  somewhat  cup-shaped,  the 
convexity  of  the  cup  being  next  the  skin,  the  latter  presenting  a 
corresponding  depression.  If  the  cups,  which  have  a  characteristic 
saffron  yellow  colour,  be  divided  with  a  knife  they  are  seen  to  have  a 
porous  appearance,  the  interstices  being  filled  with  air,  and  they  are 
brittle,  so  that  they  can  easily  be  broken  down  in  water. 

The  crusts  are  formed  of  fungus  along  with  epidermic  scales  and 
their  debris.  The  fungus  is  the  Achorion  Schoenleinii,  which  occurs  for 
the  most  part  in  the  form  of  short  tubes  (Fig.  723)  with  rows  of  conidia 
spores.  The  proper  mycelium  is  not  jointed,  but  the  receptacula  are. 
The  fungus  appears  to  begin  its  growth  in  the  hair  follicles,  enveloping 
the  hair  and  passing  into  it.  It  also  passes  into  the  hair  sheath  and 
epidermis  around,  separating  the  cells  and  destroying  them.  It  has 
its  seat  thus  in  the  first  instance  beneath  the  horny  layer  which  may 
be  continuous  over  it.  It  does  not  invade  the  true  skin,  but  the  crust 
may  cause  inflammation  around  which  may  go  on  to  suppuration  and 
ulceration.  As  a  rule,  however,  it  only  aff'ects  the  epidermic  structures, 
the  hairs  being  largely  destroyed  where  the  crusts  are  developed. 

When  it  attacks  the  nail,  it  forms  a  yellow  crust,  the  tissue  of  the 
nail  being  opened  out  and  softened  by  the  fungus  penetrating  between 
the  horny  cells. 
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2.  Tinea  tonsurans  or  Ringworm.— This  is  also  a  disease  chiefly  of 
the  scalp,  but  the  same  fungus  attacks  the  beard  and  the  parts  of  the 
body  devoid  of  hair.  The  disease  is  therefore  divisible  into  three  forms, 
Tinea  tonsurans  proper,  Tinea  sycosis,  and  Tinea  marginata. 

The  fungus,  called  the  Trichophyton  tonsurans,  is  chiefly  m  the 
form  of  spores  which  infiltrate  the  hair  and  its  sheath,  as  well  as,  to  a 
less  extent,  the  epidermis  around.  The  mycelium  is  only  represented 
by  short  threads.    The  hair  shaft  is  greatly  penetrated  by  the  spores, 

which  break  it  up. 

According  to  M.  Sabouraud,  there  are  two  principal  forms  of  the 
trichophyton,  one  with  small  spores  (trichophyton  microsporon)  and 
one  with  large  spores  (trichophyton  ^       9      u     ^  ^ 
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Fig.  724. — Fungus  in  pityriasis  versicolor. 
Threads  are  seen  witli  groups  of  spores. 

X  500.  (DOHRINO.) 


melagosporon).  The  former 
chiefly  that  of  children  and  its 
special  seat  of  growth  is  the  sub- 
stance of  the  hair,  while  the  latter 
is  chiefly  that  of  the  beard  and 
smooth  parts  of  the  skin.  The 
fungi  are  readily  cultivated. 

3.  Pityriasis  versicolor. — In  this 
disease  there  are  patches  of  a 
yellowish  or  dark  brown  colour 
with  a  scaly  surface,  and  occurring 
chiefly  on  the  trunk  in  adults.  If  the  surface  be  scraped  and  the  scaly 
products  examined  under  the  microscope  (best  with  the  addition  of 
liquor  potassae,  both  in  this  case  and  the  others),  there  will  be  found 
epidermic  cells  with  the  elements  of  a  fungus,  the  Microsporon  furfur. 
There  are  usually  abundant  mycelium  threads,  and  the  spores  are  in 
rounded  masses,  which  have  been  compared  to  bunches  of  grapes  (see 
Fig.  724). 

Of  the  lesions  due  to  Animal  parasites  the  most  important  is  scabies. 

Scabies. — This  disease  is  characterized  by  the  formation  of  papules, 
vesicles,  pustules,  and  other  signs  of  inflammation  due  to  the  efi"ects 
of  the  Acarus  scaMei  or  Sarcoptes  hominis  (see  under  Animal  Para- 
sites). The  female  of  this  insect  penetrates  into  the  substance  of  the 
peidermis,  forming  tunnels  and  depositing  ova  as  it  proceeds. 

The  inflammatory  conditions  are  the  result  partly  of  the  irritation  of 
the  acarusand  its  embryoes,  and  partly  the  effect  of  the  scratching 
induced  by  the  itching.  The  primary  lesion  is  a  papule  running  into 
which  a  minute  furrow  is  visible  to  the  naked  eye.  The  papule  is 
produced  by  the  opening  up  of  the  epidermis  and  swelling  of  the 
papillary  layer,  which  is  infiltrated  with  serous  fluid  and  round  cells. 
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Vesicles  and  pustules  are  produced  when  the  inflammation  is  more 
severe,  and  are  met  with  chiefly  in  children  and  persons  with  delicate 
skins. 

The  Acarus  folliculorum  is  a  parasite  frequently  met  with  in  the 
sebaceous  follicles. 

The  Parasitic  insects  are  referred  to  under  Animal  Parasites. 

The  Larvae  of  insects  are  occasionally  met  with  in  the  skin.  The 
ova  are  deposited  in  the  skin,  and  the  larvse,  having  developed,  may 
traverse  the  skin  and  subcutaneous  tissue  for  a  considerable  distance 
till  they  present  at  some  part  and  are  squeezed  out  or  extracted. 
They  may  produce  considerable  inflammations  in  the  form  of  boils  or 
swellings. 


SECTION  XII. 


DISEASES  OF  THE  EYE  AND  EAK. 

A— The  Eye.  I.  The  Conjunctiva,  chiefly  Inflammations,  catarrhal,  purulent, 
and  infective  (granular  conjunctivitis).  II.  The  Cornea.  1.  Retrograde 
changes  (arcus  senilis,  conical  cornea)  ;  2.  Inflammations,  sometunes  with 
vascularization  of  cornea,  Pannus  ;  may  lead  to  Ulcers  and  Staphyloma. 
III.  The  Sclerotic.  IV.  The  Iris.  Various  forms  of  Inflammation,  serous, 
fibrinous,  purulent.  Syphilis  and  Tuberculosis.  V.  The  Ciliary  body  and 
choroid.  Inflammations.  VI.  Glaucoma.  VII.  The  Lens.  Forms  of  cataract. 
VIII.  The  Optic  nerve  and  Retina.  1.  Optic  neuritis  and  choked  disc  ;  atrophy 
of  optic  nerve.  2.  Retinitis,  albuminuric  and  pigmentary  ;  3.  Embolism  of 
retinal  artery ;  4.  Detachment  of  retina.    IX.  Affections  of  eye  as  a  whole. 

I.  Sympathetic  ophthalmitis  ;  2.  Errors  of  accommodation  ;  3.  Tumours, 
chiefly  sarcoma  and  glioma  ;  4.  Parasites. 

B.— The  Ear.  I.  External  Ear.  1.  The  auricle,  chiefly  htematoma  ;  2.  External 
auditory  canal  ;  inflammations  and  foreign  bodies  ;  3.  Tympanic  membrane. 

II.  Middle  Ear.  Structure.  1.  Inflammations  ;  chronic,  leading  to  adhesions, 
and  sclerosis  ;  acute  suppurative,  causing  perforation  of  the  membrane  ;  and 
chronic  suppurative,  leading  to  polypi,  caries  and  necrosis,  suppurations  in 
brain,  membranes,  etc. ;  2.  Syphilis  and  tuberculosis ;  3.  Sebaceous  tumours. 

III.  Internal  Ear,  subject  to  inflammations,  etc.,  chiefly  by  extension  from, 
middle  ear  or  brain.    M^ni^re's  disease  and  deaf-mutism. 

A.— THE  EYE. 

npHE  eye,  vrith  its  appendages,  composed  of  a  number  of  separate 
tissues  delicately  adjusted  to  the  requirements  of  vision,  is  liable 
to  the  usual  pathological  changes.  From  the  facility  with  which  it 
is  observed,  slight  differences  in  the  appearances  produced  are  readily 
appreciated,  and  hence  a  considerable  degree  of  complication  exists 
in  the  nomenclature  of  affections  of  the  eye. 

I.  Affections  of  the  conjunctiva. — The  conjunctiva  is  liable  to  the 
various  lesions  of  mucous  membranes,  the  chief  being  inflammation. 

1.  Conjunctivitis. — The  irritant  exciting  inflammation  of  the  con- 
junctiva may  be  a  very  simple  one,  such  as  dust  or  cold,  and  in  such 
cases  the  inflammation  is  usually  slight  and  evanescent,  being  char- 
acterized by  little  more  than  HypersBinia,  vrith  more  or  less  serous 
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exudation.     In  most  cases  of  severe  conjunctivitis,  the  irritant  is 
a  morbid  poison,  and  the  disease  is  contracted  by  contagion. 
_  (a)  In  ordinary  Catarrhal  conjunctivitis,  the  exact  nature  of  the 
irritant  is  not  determined,  but  most  if  not  all  cases  are  contagious 
The  disease  is  characterized  by  hypersemia  eventuating  in  a  mucous  or 
muco-jjurulent  exudation. 

(b)  Purulent  conjunctivitis  {Purulent  ophthalmia)  is  due  to  a  pyo- 
genic microbe.  This  is,  in  a  large  proportion  of  cases,  the  gonococcus, 
so  that  the  term  Gonorrhoeal  ophthalmia  is  nearly  equivalent  to  purulent 
conjunctivitis  in  the  adult.  A  purulent  conjunctivitis  occurring  in 
new-born  children,  and  hence  called  Ophthalmia  neonatorum,  is  gener- 
ally due  to  infection  from  the  maternal  parts  during  parturition.  In 
this  form  microbes  have  been  observed,  in  most  cases  the  gonococcus, 
but  there  is  still  some  doubt  whether  this  is  so  in  all  cases. 

The  pyogenic  virus  in  purulent  conjunctivitis  induces  a  violent 
inflammation  rapidly  passing  on  to  suppuration,  and,  if  neglected, 
sometimes  leading  to  necrosis  and  ulceration  of  the  cornea. 

(c)  Granular  conjunctivitis  or  Trachoma  is  a  more  chronic  inflam- 
mation of  the  conjunctiva  which  is  also  due  to  a  specific  virus,  which 
Sattler  asserts  to  be  a  micrococcus,  but  this  is  not  absolutely  determined. 
The  disease  is  contagious,  occurring  sometimes  in  schools  and  in  armies. 
Egyptian  ophthalmia  was  a  form  observed  in  the  French  army  in  Egypt, 
and  introduced  by  it  into  France  and  thence  into  this  country.  While 
due  to  a  special  virus,  the  disease  occurs  chiefly  in  unhealthy  persons, 
and  is  hence  most  prevalent  amongst  the  poor. 

The  lesion  is  in  some  respects  like  that  in  the  specific  new-formations, 
such  as  tubercle  or  frambcesia.    There  is  a  localized  formation  of  round- 
celled  tissue  in  a  delicate  reticulated  meshwork,  so  that  it  resembles 
lymphatic-gland  tissue.    These  new-formations  are  usually  defined  and 
appear  as  if  surrounded  by  a  distinct  capsule,  in  this  respect  also 
resembling  lymphoid  follicles.    There  seems  little  tendency  towards 
further  development  of  this  tissue,  but  the  follicles  frequently  burst 
and  discharge  on  the  surface.    These  lesions  are  accompanied  by  catarrh, 
and  by  their  mere  presence,  especially  when  on  the  conjunctiva  of  the 
upper  lids,  they  often  produce  considerable  irritation  of  the  cornea 
which  also  becomes  infected  by  the  disease.    In  the  more  chronic 
forms  the  conjunctiva  may  be  indurated  by  cicatricial  new-formation, 
and  this  is  accompanied  by  atrophy  of  the  lymphoid  masses.    A  some- 
what frequent  result  of  granular  conjunctivitis  is  the  vascularization  of 
the  cornea,  to  which  the  name  Pannus  is  applied.    Localized  amyloid 
degeneration  sometimes  occurs  in  the  new-formed  follicles  in  trachoma, 
this  fact  also  tending  to  associate  the  afl"ection  with  the  specific  new- 
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formations.  The  amyloid  condition  is  found  in  the  cells  and  fibres,  but 
not  in  the  vessels  (Leber). 

{d)  Diphtheritic  conjunctivitis  is  a  rare  condition  occurring  along 
with  diphtheria  in  the  throat.  There  is  necrosis,  ulceration,  and  violent 
inflammation. 

2.  Tuberculosis  is  of  rare  occurrence  in  the  conjunctiva,  but  tuber- 
culous persons  seem  liable  to  a  subacute  conjunctivitis  which  is  often 
called  scrofulous. 

11.  Affections  of  the  cornea.— The  corneal  epithelium  is  usually 
affected  in  the  various  inflammations  of  the  conjunctiva,  being  exposed 
to  the  same  irritations.  Its  peculiar  structure,  and  especially  the 
absence  of  vessels,  render  it  somewhat  liable  to  necrosis  and  ulceration. 

1.  Retrograde  changes  in  the  cornea. — A  very  common  lesion  is 
Areas  senilis,  which  in  some  people  comes  on  in  middle  age.  It 
consists  of  a  fatty  degeneration  of  the  cells  and  fibres  of  the  cornea 
along  a  defined  line  near  the  periphery  of  the  cornea,  but  separated 
from  it  by  a  line  of  unaffected  tissue. 

The  term  Conical  cornea  or  Keratoconus  is  applied  to  a  condition 
in  which,  on  account  of  weakness  in  the  central  parts  of  the  cornea, 
the  pressure  from  within  the  bulb  of  the  eye  forces  out  this  part 
and  so  renders  the  cornea  conical.  The  central  part  being  furthest 
removed  from  the  source  of  nutrition  most  readily  suffers  when  the 
general  condition  of  the  body  is  reduced,  and  so  yields. 

2.  Inflammations  of  the  cornea. — The  cornea,  although  non-vascular, 
is  subject  to  inflammations  even  of  an  acute  suppurative  character. 
The  inflammatory  exudation  passes  into  the  canals  and  spaces  with 
which  the  cornea  abounds,  and  by  its  presence  produces  a  clouded  or 
opaque  condition. 

The  cornea  takes  part  in  the  acute  inflammations  of  the  conjunctiva, 
being  liable  to  suppuration,  softening  and  sloughing.  In  addition, 
chronic  inflammations  begin  external  to,  or  arise  in  the  cornea  itself, 
some  of  them  being  due  to  direct  irritation,  and  some  to  the  presence 
of  ulcers. 

Vascularization  of  the  cornea  is  a  frequent  result  of  chronic  inflam- 
mation. It  frequently  occurs  in  the  upper  part  in  cases  of  granular 
conjunctivitis,  in  which  case  it  is  ascribed  to  the  irritation  of  the 
rough  conjuctiva  rubbing  against  the  cornea.  The  superficial  layers 
of  the  cornea  become  the  seat  of  new-formation  of  blood-vessels,  which 
frequently  cover  the  whole  surface.  This  condition  is  called  Pannus, 
and  It  is  generally  recovered  from  when  the  primary  affection  is 
removed. 

A  more  profound  vascularization  occurs  in  some  cases  in  the  form 
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Of  localized  crescentic  areas  at  the  upper  and  lower  borders  of  tht 
cornea.    This  form  has  been  ascribed  to  nervous  lesions.  Vasculariza- 
tion also  not  infrequently  attends  ulcer  of  the  cornea,  a  fasciculus  of 
vessels  running  in  from  the  border  to  the  ulcer. 

Interstitial  keratitis  is  a  name  given  to  cases  in  which  the  cornea 
assumes  an  opaque  appearance.  It  is  met  with  chieflv,  as  Hutchinson  . 
pointed  out,  amongst  persons  who  are  the  subjects  of  Hereditary 
syphilis,  in  whom  it  is  associated  with  a  special  condition  of  the  teeth 
(see  under  Syphilis).  The  cornea  has  in  the  milder  cases  an  appearance 
compared  to  that  of  ground  glass.  The  actual  histological  condition 
of  the  tissue  is  various.  There  may  be  simply  an  infiltration  of  in- 
flammatory products,  or  there  may  be  more  profound  changes  in  the 
tissues,  sometimes  even  a  kind  of  cicatricial  condition. 

Herpes  sometimes  attacks  the  cornea  along  with  the  skin  in  the 
course  of  one  of  the  branches  of  the  fifth  nerve  (Zona  ophthahnica). 
The  eruption  may  lead  to  an  ulcer  or  even  perforation  of  the  cornea. 

Paralysis  of  the  fifth  nerve  also  leads  to  inflammation  and  ulcera- 
tion of  the  cornea  (Neuropathic  ojMahnia).  The  cornea  becomes 
cloudy  and  opaque,  and  ulcers  form  which  may  perforate.  These 
results  have  been  variously  ascribed,  on  the  one  hand  to  the  anaes- 
thesia, which  admits  of  injuries  to  the  eye  and  exposes  it  to  the 
presence  of  foreign  bodies  without  their  being  felt,  and,  ou  the  other, 
to  a  special  aflfection  of  the  trophic  nerves. 

Another  form  of  Keratitis  is  that  which  occurs  when,  in  consequence 
of  great  weakness  in  the  patient,  the  eyelids  are  not  closed,  and  the 
lower  part  of  the  cornea  undergoes  desiccation  (Keratitis  e  lagophthalmia). 
There  may  be  ulceration  in  consequence. 

Ulcers  of  the  cornea  arise,  as  indicated  in  the  remarks  made 
above,  under  a  large  number  of  difi'erent  circumstances.  Ulcers 
heal  by  the  new-formation  of  connective  tissue,  which  fills  the  gap. 
As  this  has  not  the  structure  of  the  corneal  tissue  it  is  more  or 
less  opaque,  and  appears  in  the  clear  cornea  as  a  white  area.  These 
areas,  being  weak,  are  liable,  if  large  and  central,  to  yield  before 
the  pressure  within  and  form  a  bulging  outwards,  a  condition  named 
Staphyloma  of  the  cornea.  The  iris  is  frequently  adherent  to  the 
cicatrix  and  is  often  protruded  in  a  staphyloma. 

III.  Affections  of  the  sclerotic. — The  sclerotic  is  a  dense  con- 
nective tissue  membrane,  which,  on  account  of  the  paucity  of  vessels 
and  nerves,  and  from  its  well-protected  position,  is  little  liable  to 
primary  disease.  Inflammation  extends  from  the  conjunctiva  without, 
but  more  frequently  from  the  choroid  within,  and  may  cause  softening 
so  as  to  produce  a  staphyloma  of  the  sclerotic. 
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IV.  Affections  of  the  iris.— The  iris  is  a  very  vascular  body  which 
lies  in  a  closed  cavity  occupied  by  the  aqueous  humour.  The  cavity  is 
lined  by  a  serous  membrane,  and  the  diseases  are  like  those  of  serous 
cavities. 

Inflammation  occurs  in  the  iris  as  a  result  of  traumatic,  rheumatic, 
or  still  more  frequently  of  syphilitic  irritation.  The  inflammation  is 
usually  acute,  but  its  severity  varies.  Different  forms  have  been 
described  according  as  the  exudation  is  serous,  fibrinous,  or  purulent. 
Descemet's  membrane,  which  covers  the  posterior  surface  of  the  cornea, 
takes  part  in  the  inflammation.  Serous  iritis  is  the  mildest  form,  and 
leads  to  distension  of  the  anterior  chamber  by  the  accumulated  fluid. 
This  fluid  contains  leucocytes,  which  occasionally  render  it  somewhat 
turbid.  Fibrinous  iritis  (also  called  Plastic  iritis)  is  more  severe  and  is 
accompanied  by  a  fibrinous  exudation,  which  appears  most  commonly 
at  the  edge  of  the  pupil,  but  also  presents  itself  on  the  posterior 
surface,  and  sometimes  on  the  anterior.  The  exudation  fixes  the  iris 
by  forming  a  membrane  in  the  pupil,  or  more  commonly  by  glueing  it 
to  the  lens.  This  adhesion  to  the  lens  (called  Synechia)  is  a  serious 
part  of  the  lesion,  as  it  is  apt  to  become  permanent.  As  the  inflam- 
mation progresses  the  fibrinous  exudation  becomes  replaced  by  the 
formative  cells  of  granulation  tissue,  and  new-formed  blood-vessels  pass 
into  it.  The  regular  development  into  spindle-celled  tissue  and  con- 
nective tissue  occurs,  and,  just  as  in  the  case  of  the  pleura,  permanent 
adhesions  are  the  consequence.  Sometimes  the  new-formed  membrane 
fills  the  pupil  and  obscures  the  vision.  The  iris  itself  is  the  seat  of 
new-formation  of  connective  tissue,  which  may  cause  considerable 
atrophy  of  its  proper  tissue.  On  the  other  hand,  hypertrophy  of  the 
iris  sometimes  results.  Purulent  iritis  is  more  severe.  It  causes  an 
opening  out  and  softening  of  the  tissue  of  the  iris,  while  the  anterior 
chamber  is  filled  with  pus. 

Inflammations  of  the  iris  are  liable  to  extend  to  the  ciliary  body  and 
choroid  (Irido-choroiditis). 

Syphilis  has  already  been  mentioned  as  a  cause  of  iritis.  It  is  so 
in  the  secondary  stage,  producing  an  acute  inflammation  usually  of 
the  fibrinous  kind.  A  formation  of  gummata  is  an  exceedingly  rare 
occurrence. 

Tuberculosis  of  the  iris  is  also  rare,  but  the  condition  called  Granu- 
loma is  really  a  tuberculosis.  There  is  inflammation  with  development 
of  tubercles  and  destruction  of  the  eyeball. 

V.  Affections  of  the  ciliary  body  and  choroid.  Cyclitis.  Chor- 
oiditis.-—The  ciliary  body  is  highly  vascular,  and  is  engaged  in  the 
secretion  of  the   humours   of  the   eye.    Being  very  active  it  is 
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peculiarly  liable  to  acute  in tl animations,  more  especially  as  it  is 
related  anatomically  both  to  the  iris  and  choroid,  and  is  apt  to  par- 
take in  the  inflammations  of  both. 

The  choroid  is  also  a  vascular  structure,  containing  a  layer  of 
pigment  cells  on  its  inner  or  retinal  surface.  Inflammation  of  it  is 
not  usually  acute,  except  in  sympathetic  ophthalmia  (see  further  on), 
and,  when  chronic,  it  causes  disturbances  of  the  pigment,  which 
produce  alterations  in  the  ophthalmoscopic  appearances.  Sometimes 
a  formation  of  true  bone  occurs  in  the  choroid  in  chronic  inflamma- 
tion, and  such  an  ossification  seems  a  usual  occurrence  when  the  eye 
has  undergone  atrophy  from  injury  (Fig.  725). 


Fig.  725,— Ossification  of  choroid,  etc.,  in  an  atrophied  eye. 

VI.  Glaucoma. — This  is  an  important  disease  in  which  the  ciliary 
body  and  iris  seem  specially  concerned.  It  consists  in  an  increase 
of  the  pressure  of  the  fluids  inside  the  eyeball,  with  consequent  injury 
to  the  structures  of  the  eye. 

The  secretion  and  absorption  of  the  intraocular  fluids  have  been 
made  the  subject  of  much  study  and  experiment.  As  the  withdrawal 
of  the  aqueous  humour  is  quickly  followed  by  its  replacement,  there 
seems  no  doubt  that  an  active  secretion  goes  on  in  the  eye.  It  is 
generally  agreed  that  the  ciliary  body  is  the  chief  agent  in  supplying 
both  the  vitreous  and  aqueous  humours,  the  latter  passing  through  the 
pupil  to  the  anterior  chamber.  The  principal  absorption  of  fluid  is 
probably  at  the  periphery  of  the  anterior  chamber,  at  the  angle  formed 
by  the  iris  behind  and  the  cornea  and  anterior  part  of  the  sclerotic  in 
front.  This  space  is  called  variously  the  sinus  of  the  anterior  chamber 
and  the  filtration  angle.  This  sinus  is  in  communication  by  means  of 
spaces  in  the  ligamentum  pectinatum  with  Schlemm's  canal,  which  is  a 
channel  running  round  the  eye  near  the  boundary  between  the  sclerotic 
and  the  cornea.  This  canal  again  communicates  with  the  veins  of  the 
anterior  part  of  the  sclerotic.  The  retention  of  this  filtration  angle  or 
sinus  is  thus  necessary  to  the  absorption  of  the  aqueous  humour. 
Increase  of  the  intraocular  pressure  may  be  produced  by  excessive 
secretion  of  fluid,  or  by  defective  absorption,  but  it  is  mainly  by  the 
latter  that  it  is  brought  about. 
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Glaucoma  results  chiefly  from  interference  with  the  sinus  men- 
tioned above.  Such  interference  takes  place  when,  by  reason  of  enlarge- 
ment of  the  ciliary  body,  the  base  of  the  iris  is  pushed  forward  and  so 
fills  up  this  angle.  In  most  cases  the  iris  is  pushed  forward  so  as  to  be 
in  contact  with  the  cornea,  and  in  many  it  is  actually  adherent  so  as  to 
abolish  the  sinus.  The  cause  of  this  displacement  has  been  variously 
stated,  and  is  not  well  understood.  According  to  Priestley  Smith  there 
is  usually,  as  a  predisposing  cause,  smallness  of  the  globe,  and  a  conse- 
quent forward  displacement  of  the  lens  carrying  the  iris  with  it.  The 
sinus  being  already  curtailed,  an  inflammation  or  merely  a  congestion 
of  the  ciliary  body  may  push  forward  the  iris  so  as  to  close  the  angle. 
Besides  these  cases  of  more  obscure  origin,  which  are  included  under 
the  designation  of  Primary  glaucoma,  the  intraocular  pressure  is  in- 
creased in  some  other  diseases,  of  which  the  chief  are  tumours.  These 
may  act  directly  by  increasing  the  contents  of  the  globe,  but  they  are 
also  found  to  produce  the  glaucoma  by  pressure  on  the  sinus. 

The  effects  of  the  increased  pressure  are  seen  chiefly  in  the  retina 
and  optic  nerve.  The  optic  nerve  entrance  is  less  resistant  than 
the  sclerotic,  being  formed  by  the  lamina  cribrosa,  which  gives 
passage  to  the  fibres  of  the  nerve.  This  structure  yields,  and  is 
hollowed  out  so  that  a  depression  is  produced  in  the  fundus  of  the 
eye.  Atrophy  of  the  nerve  fibres  is  a  necessary  consequence  with 
advancing  blindness.  The  cornea  is  also  rendered  dull  and  obscure 
and  non-sensitive. 

VII.  Affections  of  the  lens. — The  only  affection  of  the  lens  requiring 
special  notice  is  Cataract.  This  consists  in  an  opacity  of  the  lens  or 
its  capsule,  such  as  to  interfere  with  vision.  It  sometimes  occurs  as 
a  congenital  affection,  the  lens  being  imperfectly  formed.  It  is  most 
frequently  a  senile  change,  but  it  also  occurs  as  a  result  of  injury  and 
is  an  occasional  consequence  of  diabetes. 

At  birth  the  lens  is  soft  throughout,  but  as  years  go  on  the  centre 
becomes  dense,  so  as  to  form  a  hard  nucleus  while  the  periphery 
remains  soft.  The  hard  nucleus  is  not  liable  to  change,  but  the  soft 
cortex  may  undergo  alterations.  These  consist  in  a  formation  of  fat 
amongst  the  fibres  which  constitute  the  lens,  and  the  loosening  and 
separation  of  these  fibres.  The  process  goes  on  till  sometimes  the 
affected  part  of  the  lens  consists  of  a  detritus  in  which  are  fat,  choles- 
tearine,  and  remains  of  fibres.  The  dense  nucleus  may  sink  down  in 
this  softened  substance.  In  senile  cataract  there  is  always  the  dense 
nucleus,  which  may  be  of  considerable  bulk. 

In  Capsular  cataract  the  epithelial  cells,  which  line  the  capsule, 
undergo  changes,  which  may  be  spontaneous  or  the  result  of  inflam- 
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mation.  They  multiply  and  cause  opacity  by  their  abundance  and  by 
retrograde  changes  to  which  they  are  liable. 

VIII.  Affections  of  the  optic  nerve  and  retina— These  parts  form 
really  a  prolongation  outwards  of  the  cerebrum,  and  are  surrounded 
by  processes  from  the  membranes  of  the  brain.  The  dura  mater  forms 
a  sheath  around  the  nerve  as  it  passes  to  the  eyeball.  This  sheath  is 
composed  of  dense  connective  tissue,  and  is  continuous  with  the  sclerotic, 
which  is  composed  of  similar  tissue.  Within  this  sheath  the  arachnoid 
IS  continued  as  a  loose  covering  as  far  as  the  eyeball,  where  also  it 
becomes  continuous  with  the  sclerotic.  The  pia  mater  closely  invests 
the  nerve  and  sends  processes  amongst  its  fibres.  Between  the  external 
sheath  or  dura  mater  and  the  optic  nerve  there  are  lymphatic  spaces 
continuous  with  those  of  the  soft  membranes.  The  nerve  itself  is 
composed  of  medullated  nerve  fibres  running  in  bundles  and  enclosed 
in  connective  tissue,  On  reaching  the  eyeball  the  nerve  bundles  pierce 
the  sclerotic,  which  here  forms  a  perforated  membrane  {Lamina  cribrosa). 
At  the  same  time  they  lose  their  medullary  sheath  and  are  distributed 
as  non-medullated  fibres  inside  the  globe.  From  the  optic  nerve  en- 
trance, which  forms  a  round  disc,  the  fibres  radiate  outwards  around 
the  eyeball  M^here  they  are  in  contact  with  the  vitreous.  They  are 
very  transparent,  as  the  rays  of  light  require  to  penetrate  them  in 
order  to  reach  the  rods  and  cones  which  are  on  their  outer  surface. 
The  nerve  fibres,  with  the  rods  and  cones  and  the  granular  layers, 
constitute  the  retina. 

1.  (Edema  and  Inflammation  of  the  optic  nerve  {Optic  neuritis,  .Choked 
disc). — A  series  of  lesions  is  included  here,  the  pathology  of  which 
is;  still  far  from  being  understood.  Affections  of  the  optic  nerve 
are  frequent  in  consequence  of  tumours  of  the  brain,  and  these  have 
partly  the  characters  of  a  simple  oedema  and  partly  those  of  inflam- 
mation. Tumours  of  the  brain  produce  these  changes  whatever 
may  be  their  seat.  Inflammations  of  the  membranes  affect  the  optic 
nerve  less  frequently.  There  are  also  inflammations  of  the  nerve  of 
obscure  origin. 

Tumours  of  the  brain,  and  other  lesions  which  lead  to  increased 
intracranial  pressure,  produce  oedema  of  the  sheath  of  the  nerve  with 
interstitial  inflammation.  The  oedema  of  the  sheath  is  accompanied 
by  swelling  of  the  intraocular  termination  of  the  nerve  from  venous 
hypera3mia  and  oedema.  It  is  this  oedema  and  engorgement  which 
is  called  Choked  disc.  It  is  difficult  to  explain  why  tumours  of 
the  brain  should  produce .  this  effect,  but  it  seems  likely  that  b}' 
increasing  the  intracranial  pressure  they  obstruct  the  passage  of  the 
lymphatic  fluid  in  the  spaces  around  the  nerve.    The  retained  fluid 
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is  perhaps  specially  irritating,  and  induces  a  chronic  interstitial 
inflammation. 

Whether  originating  in  tumour  of  the  brain  or  not,  an  interstitial 
inflammation  of  the  optic  nerve  leads  to  sclerosis  with  atrophy  of  the 
proper  nervous  elements. 

Atrophy  of  the  optic  nerve  arises  in  the  manner  just  mentioned. 
It  may  arise  also  in  locomotor  ataxia,  by  a  similar  process  to  that 
occurring  in  the  cord  in  that  disease,  namely,  a  sclerosis  characterized 
by  increase  of  the  connective  tissue  and  atrophy  of  the  nerve  fibres. 
These  changes  are  seen  by  the  aid  of  the  ophthalmoscope  chiefly  as  an 
abnormal  whiteness  of  the  optic  disc. 

2.  Inflammation  of  the  retina  {Retinitis). — This  affection  occurs  in 
various  forms,  the  most  familiar  of  which  is  Albuminuric  retinitis. 
This  consists  of  a  chronic  inflammation,  apparently  commencing  in 
the  arteries  and  accompanied  by  haemorrhages  and  degenerations  of 
the  retinal  and  choroid  tissue.  The  affection  of  the  arteries  consists  in 
an  inflammatory  thickening  or  sclerosis  of  their  wall,  with  diminution 
in  their  calibre.  The  htemorrhages  are  mostly  in  the  superficial  fibrous 
layer  of  the  retina.  Pale  white  spots  and  streaks  in  the  region  of  the 
macula  are  very  characteristic  of  the  condition,  and  these  arise  chiefly 
by  fatty  degeneration.  The  hsemorrhagic  spots  may  become  white,  but 
many  spots  are  white  from  the  first  and  not  hsemorrhagic. 

The  affection  of  the  retina  occurs  in  cases  of  chronic  Bright's  disease. 
Diabetes,  lead  poisoning,  etc.,  sometimes  induce  a  retinitis  essentially 
similar  to  the  albuminuric  form.  It  would  seem  that  a  grave  alteration 
of  the  blood  is  the  cause  of  the  affection  of  the  retina. 

Pigmentary  retinitis  (Retinitis  pigmentosa)  is  a  form  in  which  the 
choroid  is  involved  along  with  the  retina.  It  is  a  chronic  inflammation 
or  sclerosis,  and  the  pigment  cells  seem  to  undergo  local  enlargement 
and  increase  so  as  to  project  into  the  retina  and  form  dark  patches. 
These  patches  follow  the  lines  of  the  vessels. 

3.  Embolism  of  the  retinal  artery. — The  central  artery  of  the  retina 
enters  the  eyeball  in  the  middle  of  the  optic  nerve  and  then  divides 
into  branches  which  radiate  from  this  centre.  The  artery  is  a  branch  of 
of  the  anterior  cerebral  artery,  and  it  and  its  branches  are  end-arteries. 
Embolism  is  met  with  in  cases  of  valvular  disease  of  the  heart.  There 
is  sudden  blindness,  which  is  usually  permanent  at  least  to  the  extent 
of  the  portion  of  the  retina  corresponding  with  the  distribution  of  the 
occluded  artery.  The  retina  in  the  area  affected  undergoes  necrosis  and 
softening,  this  process  being  sometimes  accompanied  by  haemorrhage. 
Ultimately  the  optic  nerve  becomes  atrophied. 

Thrombosis  of  the  retinal  artery  or  vein  is  also  known  to  occur. 
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4.  Detachment  of  the  retina.-In  this  condition  the  retina  is  separ- 
ated from  the  choroid  over  a  large  or  small  area,  and  the  separation 
IS  usually  permanent.  It  may  be  caused  by  shrinking  of  the  vitreous 
and  by  effusion  of  fluid  between  the  choroid  and  the  retina.  It  is  also 
produced  by  injuries  and  by  tumours,  but  it  may  occur  without  assign- 
able cause. 

IX.  Affections  of  the  eye  as  a  whole.— Some  of  the  diseases  already 
mentioned  affect  the  eyeball  generally,  and  there  are  some  affections 
which  do  so  primarily. 

1.  Sympathetic  ophthalmitis.— In  wounds  of  the  eye  there  is  occa- 
sionally an  extension  of  the  inflammation  to  the  opposite  eye,  and  this 
is  commonly  spoken  of  as  by  sympathy.  Inflammation,  especially  in 
the  severe  forms  which  sometimes  occur,  can  scarcely  owe  its  origin  to 
nervous  influences  alone,  and  this  conclusion  is  confirmed  by  the  fact 
that  the  inflammation  may  progress  after  the  eye  primarily  affected  has 
been  removed.  Mackenzie  first  suggested  that  the  inflammation 
travelled  up  the  optic  nerve  to  the  chiasma  and  down  the  other  nerve 
to  the  opposite  eyeball.  This  view  has  been  recently  amplified,  and  it 
has  been  asserted  that  microbes  extend  up  the  sheath  of  one  optic 
nerve  and  down  that  of  the  other  so  as  to  produce  tlie  inflammation. 
This  would  explain  how  the  affection  of  the  second  eye  always  occurs 
considerably  after  that  of  the  first,  and  how  removal  of  that  primarily 
affected  does  not  always  stop  the  disease.  One  of  the  principal 
difficulties  in  the  way  of  accepting  it  is  that  the  inflammation  does  not 
begin  in  the  optic  nerve  and  retina  but  in  the  ciliary  body  and  iris. 
The  explanation  seems,  however,  generally  accepted  for  cases  of  severe 
inflammation,  but  slighter  inflammations  and  functional  irritations  of 
the  eye  may  be  produced  reflexly. 

The  inflammation  begins  in  the  iris  and  ciliary  body,  and  has 
generally  the  characters  of  an  iritis  and  cyclitis.  Predisposition  or 
susceptibility  seems  to  have  considerable  influence  in  determining  the 
occurrence  of  sympathetic  inflammation. 

2.  Errors  of  accommodation.- — Vision  is  brought  about  by  the 
images  of  objects  being  focussed  on  the  retina.  The  focussing  is 
effected  by  the  refracting  media  of  the  eye,  chiefly  the  lens  and  the 
cornea.  In  order  to  obtain  accurate  vision  the  image  must  fall  in  per- 
fect focus  on  the  retina.  Variations  in  the  focussing  required  by  the 
greater  or  lesser  distance  of  objects  are  brought  about  by  the  ciliary 
muscles  acting  on  the  lens.  The  condition  of  perfectly  normal  vision 
is  designated  Emmetropia.  As  life  goes  on  the  activity  of  the  muscles 
and  the  elasticity  of  the  lens  lessen,  and  the  power  of  rapid  accommo- 
dation diminishes.    This  condition  is  called  Presbyopia.    The  defective 
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power  of  accommodation  is  supplied  by  convex  glasses.  Other  defects 
of  vision  occur  when  the  image  falls  behind  or  in  front  of  the  retma,  or 

is  distorted.  ^t.,  •  ■  n 

In  Hypermetropia  the  image  falls  behind  the  retina.  This  is  usually 
due  to  abnormal  shortness  of  the  eyeball,  but  may  also  result  from  the 
refractive  structures  being  deficient.  Vision  is  good  for  distant  objects 
but  defective  for  near.  In  Myopia  the  image  falls  in  front  of  the 
retina.  The  axis  of  the  globe  is  usually  too  long  for  the  refractive 
structures  (axial  myopia),  but  sometimes  the  refractive  structures  are 
too  powerful  (refractive  myopia).  Vision  is  defective  for  long  distances 
and  good  at  short  distances.  In  Astigmatism  the  image  is  distorted, 
from'^the  refractive  media,  chiefly  the  cornea,  varying  in  convexity  at 
different  meridians. 

These  various  defects  may  lead  to  irritation  and  straining  of  the 
eye  from  the  attempts  to  bring  the  image  into  focus. 

3.  Tumours  of  the  eyeball.— There  are  two  common  forms  of 
tumour,  sarcoma  and  glioma. 

Sarcoma  springs  in  the  majority  of  cases  from  the  choroid,  but  may 
take  origin  in  the  ciliary  body  or  iris.  It  is  usually  a  spindle-celled 
tumour,  and  in  the  large  majority  of  cases  is  pigmented.  The  unpig- 
mented  forms  are  usually  round-celled.  The  sarcoma  in  its  growth 
usually  detaches  the  retina  and  encroaches  on  the  vitreous  humour. 
The  eyeball  is  occupied  by  the  tumour  mass,  which  in  course  of  time 
generally  extends  also  into  and  through  the  sclerotic.  The  sarcoma  is 
prone  to  generalization,  and  tumours,  frequently  pigmented,  spring  up 
in  various  organs. 

Glioma  takes  origin  in  the  retina.  It  consists  of  round  cells  in  a  fine 
reticulum.  The  cells  may  be  so  abundant  as  to  make  the  tumour 
approach  to  the  structure  of  the  sarcoma.  Two  forms  are  described 
under  the  designations  exophytum  and  endophytum,  according  as  the 
tumour  originates  in  the  external  or  internal  granular  layer  of  the 
retina.  The  tumour  retains  the  characters  of  the  layer  from  which  it 
has  originated.  It  grows  for  a  time  in  the  retina,  gradually  enlarging 
and  filling  the  globe.  After  a  time  it  may  involve  the  coats  of  the 
eyeball  and  extend  through  the  sclerotic.  Occasionally  it  extends  by 
metastasis  to  distant  organs.  It  is  characterized  by  a  bright  yellow 
reflection  seen  through  the  pupil. 

Epithelioma  sometimes  occurs  in  the  eyeball,  and  usually  originates 
at  the  junction  of  cornea  and  conjunctiva.  It  may  also  originate 
in  the  conjunctiva.  Cancer  sometimes  takes  origin  in  the  lachrymal 
glands. 

The  conjunctiva  is  also  liable  to  simple  growths,  the  commonest 
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being  the  papilloma,  the  most  frequent  seat  of  which  is  the  junction 
ot  the  cornea  and  conjunctiva.  juHuuon 

soLI)]TTJ  ''''  «y«-Cy8ticercus  cellulose  (the  scolex  of  t^nia 
the  re t  n      I  7^  "^T'""'"  "  ""'^^^  beneath 

paiasite  perforates  the  retina  and  becomes  free  in  the  vitreous  where 
It  may  be  seen  with  the  ophthalmoscope  as  a  clear  cyst,  from  which  the 
head  of  the  worm  sometimes  protrudes.  A  less  frequent  seat  is  the 
anterior  chamber,  where  it  may  be  free  or  attached  to  the  iris  It  is 
capable  of  protruding  and  withdrawing  its  head.  The  cysticercus  also 
occurs  in  the  orbit  outside  the  eyeball. 

The  Echinoeoccus  occasionally  has  its  seat  in  the  orbit. 


B.— THE  EAR. 

The  ear  has  intimate  anatomical  relations  with  various  other  parts, 
and  m  its  diseases  it  is  frequently  associated  with  these  parts.  It  is 
continuous  externally  with  the  skin  ;  it  is  in  communication  by  means 
of  the  Eustachian  tube  with  the  mucous  membrane  of  the  naso-pharynx  ; 
it  is  intimately  related  to  the  bones  of  the  skull  and  to  the  dura  mater 
and  brain.  For  purposes  of  description  the  diseases  of  the  ear  are 
divided  into  those  of  the  external,  middle,  and  internal  ears,  but  these 
parts  being  closely  related  in  position  are  frequently  affected  by  disease 
together. 

I.  Aifections  of  the  external  ear.— The  external  ear  consists  of  the 
auricle,  external  auditory  canal,  and  tympanic  membrane. 

1.  The  Auricle  is  liable  to  various  congenital  malformations, 
ranging  from  almost  entire  absence  to  simple  alterations  in  the 
usual  outline.  Supernumerary  organs,  generally  rudimentary,  are 
also  met  with.  Inflammations  of  the  skin,  such  as  erysipelas  and 
inflammatory  skin  eruptions,  especially  eczema,  may  extend  to  the 
auricle. 

A  more  independent  affection  is  the  Haematoma  of  the  auricle  or 
Othaematoma.  This  consists  in  a  hajmorrhage  between  the  cartilage 
of  the  auricle  and  the  perichondrium,  the  latter  being  raised,  but 
generally  carrying  with  it  pieces  of  cartilage.  It  usually  arises  from 
injury,  but  in  some  cases  the  injury  is  slight  or  absent,  and  the 
condition  is  spontaneous.  This  condition  is  so  frequent  in  insane 
persons,  more  particularly  in  dementia  paralytica,  that  the  name 
Insane  ear  is  often  used.  The  concavities  of  the  auricle  are  filled  out 
with  the  effused  blood,  which  generally  remains  fluid  for  a  considerable 
time.    With  the  absorption  of  the  blood  there  is  generally  marked 
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shrinking  and  cicatricial  contortion  of  the  auricle.  Sometimes  injuries 
induce  a  serous  exudation  instead  of  blood,  the  condition  otherwise 
resembling  htematoma. 

Small  Fibromas  sometimes  form  in  the  auricle  in  consequence  of  the 
irritation  of  earrings.  Gouty  tophi  often  occur  in  the  cartilage  of 
the  auricle. 

Epithelioma  is  not  infrequent  in  the  auricle.  It  occurs  both  in  the 
form  of  flat-celled  epithelioma  and  of  rodent  ulcer.  The  tumour  which 
sometimes  develops  on  a  pre-existing  eczema  is  liable  to  extend  to  the 
external  meatus. 

2.  The  External  auditory  canal. — Congenital  contraction  and 
closure  of  the  canal  have  been  observed  in  various  degrees. 

Inflammations  are  similar  to  those  of  the  skin,  and  may  be  either  in 
the  form  of  boils,  which  are  somewhat  frequent,  or  of  a  diffuse  inflam- 
mation. The  former  have  the  characters  of  cutaneous  boils,  with 
which  they  may  be  associated ;  the  latter  result  chiefly  from  injuries, 
but  also  from  the  acute  exanthemata,  chiefly  small-pox,  from  erysipelas, 
and  from  ordinary  skin  eruptions.  The  disease  may  extend  to  the 
osseous  wall  of  the  canal  and  lead  to  caries  or  necrosis,  but  these  are 
more  frequently  the  consequences  of  aflfections  of  the  middle  ear.  In 
more  chronic  cases  we  have  the  usual  new-formation  of  tissue  of  chronic 
inflammations,  resulting  in  thickenings  of  the  cutaneous  lining  of  the 
canal  and  in  some  cases  in  hyperostosis,  which  may  greatly  contract 
tlie  canal. 

Exostoses  not  infrequently  spring  from  the  osseous  wall. 

Accumulations  of  cerumen  very  frequently  occur  to  such  an  extent 
as  to  occlude  the  canal  and  cause  deafness.  They  are  usually  dry  and 
are  composed  of  cerumen  mixed  with  epidermis,  hair,  dust,  etc.  The 
accumulation  is  due  either  to  excessive  secretion  or  to  some  impediment 
to  the  escape  of  the  wax. 

Foreign  bodies  and  Parasites  are  met  with  in  the  meatus.  The 
former  consist  of  a  great  variety  of  materials  introduced  from  without 
and  met  with  chiefly  in  children.  Insects  and  their  larv«  are  occa- 
sionally found  in  the  ear,  the  latter  chiefly  in  cases  where  purulent 
discharge  exists.    The  acarus  folliculorum  also  occurs. 

Fungi  belonging  to  the  family  of  the  Aspergillus  have  been  fre- 
quently observed  growing  in  the  meatus,  chiefly  in  its  inner  recesses 
and  on  the  tympanic  membrane.  They  cause  obstruction  of  the  canal 
and  may  give  rise  to  serious  inflammations. 

3  The  Tympanic  membrane  is  liable  to  Inflammations  in  common 
with  the  meatus  on  the  one  hand  and  the  middle  ear  on  the  other. 
Hence  arise  various  thickenings  and  adhesions,  sometimes  with  cal- 
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careous  deposition,  chiefly  in  connection  with  diseases  of  the  middle 
ear.  Hence  also  arise  Perforations  of  the  membrane,  which  have 
trequently  serious  consequences  for  the  tympanic  cavity.  Rupture  is 
01  occasional  occurrence,  usually  in  consequence  of  condensation  of  the 
air  in  the  external  meatus  as  from  a  blow  on  the  ear,  but  also  from 
instruments  thrust  into  the  ear. 

II.  Affections  of  the  middle  ear. -The  middle  ear  is  a  cavity  con- 
taining air,  of  a  very  complicated  outline  (sea  Fig.  726).  The  central 
part  IS  that  immediately  within  the  tympanic  membrane,  forming  the 


Fig.  726.— Section  tlii-ough  the  middle  ear.  A,  antrum  raastoideum  ;  B,  mastoid 
cells ;  C,  inner  surface  of  tymj^anic  membrane  ;  G,  fossa  for  jugular  vein ;  H, 
partition  between  tympanum  and  antrum  ;  I,  dura  ruater;  L,  tympanic  aperture  of 
Eustachian  tube  ;  O,  pharyngeal  mouth  of  same.  (Barr.) 


tympanic  cavity,  which  is  traversed  by  the  chain  of  ossicula.  From 
the  lower  and  anterior  part  of  this  cavity  passes  the  Eustachian  tube 
down  to  the  naso-pharynx.  The  upper  and  posterior  part  of  the  cavity 
communicates  with  the  mastoid  cells.  The  largest  of  these  spaces  lies 
immediately  behind  the  tympanic  cavity,  of  which  it  is  almost  a  con- 
tinuation backwards.  This  is  the  antrum  mastoideum,  the  roof  of  which, 
along  with  that  of  the  tympanic  cavity,  is  formed  by  a  thin  layer  of 
bone,  which  alone  separates  these  cavities  from  the  dura  mater  lining 
the  middle  fossa  of  the  skull.  The  remaining  mastoid  cells  communi- 
cate directly  or  indirectly  with  the  antrum.  In  childhood  the  antrum 
is  well  developed,  but  the  other  cells  are  verj^  imperfect,  the  mastoid 
process  being  small.  The  roofs  of  the  tympanum  and  antrum  are  not 
infrequently  deficient,  especially  in  childhood,  so  that  there  are  gaps  in 
the  osseous  wall.  The  mucous  membrane  of  the  middle  ear  is,  in  most 
parts,  very  delicate,  and  is  covered  with  a  single  layer  of  epithelium. 
In  its  structure  and  in  the  character  of  its  epithelium  it  resembles  a 
serous  membrane.    It  is  particularly  thin  over  the  ossicula  and  the 
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inembrana  tympani  and  in  the  mastoid  cells.  In  the  greater  part  of  its 
e.xtent  the  mucous  membrane  covers  bone,  and  is  inseparably  united 
with  the  periosteum. 

1.  Inflammations  of  the  middle  ear.— These  have  characters 
similar  to  inflammation  elsewhere,  only  modified  by  the  relation 
of  parts.  Catarrh  is  somewhat  common,  and  may  be  acute,  subacute, 
or  chronic.  The  exudation  varies  according  to  the  severity  of  the  in- 
flammation, being  mucous  or  muco-purulent.  The  catarrh  may  be 
localized  mainly  in  the  Eustachian  tube,  which  may  be  obstructed  by 
the  swelling  of  the  mucous  membrane.  The  exudation  may  distend  the 
tympanic  cavity  and  cause  bulging  of  the  membrane.  It  will  also 
interfere  with  the  movements  of  the  ossicula. 

Chronic  inflammations  also  occur  which  have  little  of  the  catarrhal 
character,  but  rather  that  of  a  chronic  proliferative  inflammation.  These 
conditions  are  sometimes  described  as  Chronic,  dry  or  adhesive  catarrh. 
They  are  associated  with  Adhesions  and  Sclerosis  of  the  mucous 
surfaces.  The  inflamed  surfaces  are  thickened,  and  wherever  they  come 
in  contact  they  tend  to  coalesce.  In  this  way  fibrous  adhesions  are 
formed  which  may  unite  the  membrana  tympani  or  the  ossicula  to  the 
opposite  wall  of  the  cavity.  Like  other  connective  tissues  formed  in 
inflammations  this  has  a  tendency  to  shrink  and  become  dense,  a 
process  expressed  in  the  term  sclerosis.  The  pliant  mucous  membrane 
thus  becomes  rigid,  and  stiff'ens  the  membrana  tympani,  the  ossicula, 
and  the  membrane  of  the  fenestra  rotunda.  There  is  in  some  cases  a 
new-formation  of  bone,  so  that  thickenings  and  projections  of  the  osseous 
wall  of  the  cavity  occur.  There  is  not  infrequently  in  the  dense 
shrunken  tissue  a  deposition  of  lime  salts,^  a  Calcification  similar  to 
that  so  frequently  seen  in  chronic  endocarditis.  All  these  changes,  by 
rendering  rigid  the  structures  concerned  in  propagating  the  sonorous 
vibrations,  contribute  to  the  causation  of  deafness. 

Acute  suppurative  inflammation  of  the  middle  ear  is  a  frequent 
result  of  scarlet  fever,  and  more  rarely  of  the  other  acute  fevers.  In 
these  cases  it  arises  by  propagation  upwards  of  an  acute  phlegmonous 
inflammation  from  the  pharynx.  In  some  cases  the  aff'ection  is 
ascribed  to  cold  and  ordinary  catarrh  of  the  nares  or  naso-pharynx,  and 
in  these  the  nature  of  the  irritant  is  obscure.  There  is  an  acute 
inflammation  of  the  mucous  membrane  going  on  to  suppuration  and 
always  resulting  in  Perforation  of  the  membrana  tympani.  The 
middle  ear  is,  in  fact,  converted  into  a  kind  of  abscess  cavity  and  the 
pus  finds  its  way  out  through  the  membrane.  The  inflammation  may 
extend  partly  to  the  external  and  internal  ears.  The  perforated 
membrane  may  afterwards  heal,  but  in  many  cases  there  is  con- 
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siderable  destruction  of  tissue,  and  when  the  inflammation  subsides  a 
permanent  gap  is  left  in  the  membrane,  sometimes  involving  its  entire 
extent. 

Chronic  suppurative  inflammation  of  the  middle  ear,  or  Otorrhoea 

IS  a  common  result  of  the  acute  disease.  The  perforation  of  the  mem- 
brana  tyrapani,  brought  about  in  the  way  mentioned  above,  has  far- 
reaching  consequences.  The  mucous  membrane  of  the  middle  ear  thus 
becomes  exposed  to  varied  influences  from  without.  It  is  liable  to 
catarrhs,  and,  as  the  resulting  exudation  is  exposed  to  the  air,  septic 
changes  readily  occur  in  it.  The  consequence  of  these  septic  changes  is 
a  suppurative  inflammation,  which,  when  once  fully  established,  is  likely 


A 
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Fig.  727. — Large  mucous  polypus, 
which  dilated  the  external  auditory 
canal  and  protruded  from  the  ex- 
ternal orifice.  (Barr.) 


Pig.  72S.— Sequestrum  consisting 
of  the  annulus  tympanicus  and  part 
uf  the  mastoid  process,  removed  from 
a  child.  (Barr.) 


to  be  permanent.  The  septic  discharges  lingering  in  all  the  complicated 
parts  of  the  middle  ear  keep  up  the  inflammation.  The  discharges  are, 
consequently,  in  many  cases  exceedingly  putrid.  The  mucous  mem- 
brane is  by  degrees  converted  into  a  succulent  granulation  tissue  from 
the  vessels  of  which  pus  exudes.  Various  important  consequences  are 
liable  to  occur  in  this  condition,  such  as  polypi,  caries,  and  abscess  of 
the  brain. 

Mucous  polypi  are  here,  as  in  other  places,  outgrowths  of  vascular 
tissue  from  the  inflamed  mucous  membrane  (see  Fig.  727).  They 
protrude  through  the  perforation  in  the  membrane,  into  the  meatus, 
and  may  even  present  at  the  external  orifice.  They  are  usually 
single  mucous  polypi,  consisting  of  a  very  cellular  connective 
tissue,  in  which  mucous  glands,  sometimes  forming  cysts,  may  be 
present.  They  are  more  rarely  fibrous  in  structure,  and  in  that  case 
contain  no  glands.    A  polypoid  myxoma  is  an  exceedingly  rare  form. 

Curies  and  Necrosis  of  the  underlying  bone  not  infrequently  occur. 
There  may  be  gradually  advancing  inflammation  of  the  bone,  leading 
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to  erosion  by  a  process  of  rarefying  ostitis.  Thus  a  considerable  erosion 
of  the  temporal  bone  may  ensue.  In  other  cases  necrosis  of  considerable 
portions  of  the  temporal  bone  results,  the  dead  bone  being  perhaps 
discharged  (see  Fig.  728).  These  processes  are  most  liable  to  occur  in 
the  mastoid  cells,  where  the  discharges  readily  lie  and  decompose.  In 
these  parts  the  inflammation  may,  after  a  time,  become  acute,  so  that 
something  in  the  nature  of  an  abscess  may  form  and  come  to  the  surface 
of  the  mastoid  process. 

Sometimes  the  suppuration  extends  outside  rather  than  inside  the 
mastoid  process,  so  that  there  is  a  suppurative  periostitis  over  this 
process,  but  without  necrosis  or  caries. 


Fig.  T2!). — Section  showing  the  effects  of  prolonged  otovrhoja.  a,  enlarged  antrum 
mastoideuin  ;  b,  mastoid  cells  replaced  by  dense  bone  like  ivory  ;  c,  tympanic  cavity. 
The  patient  (a  man)  died  of  purulent  meningitis.  (Barr.) 

In  some  cases  there  may  be  a  Formative  ostitis,  so  that  new-formation 
of  bone  occurs,  leading  to  thickenings,  and  sometimes  to  condensation 
of  the  cancellated  mastoid  structures  (see  Fig.  729).  This  may  even 
occur  coincidently  with  caries  and  necrosis,  a  rarefying  and  a  condensing 
ostitis  co-existing  here  as  in  other  cases. 

If  Healing  occurs  in  this  disease  there  are  liable  to  be  the  conse- 
quences of  chronic  inflammation  already  referred  to.  Healing  will  only 
occur  if  septic  decomposition  is  got  rid  of.  Unless  the  tympanic 
membrane  closes,  which  it  sometimes  does  by  cicatricial  new-formation, 
there  is  apt,  at  intervals,  to  be  a  renewal  of  the  septic  process  and  of 
the  suppuration. 

From  the  nearness  of  the  structures  concerned  to  the  dura  mater 
and  brain,  there  is  occasionally  an  Extension  of  the  septic  process 
to  the  parts  within  the  skull.  These  consequences  have  already 
been  referred  to  under  Abscess  of  the  Brain.    They  are  chiefly  Septic 
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thrombo-phlebitis,  which  may  result  in  ^y^mh,  Suppurative  menin- 
gitis, which  may  be  associated  with  thrombo-phlebitis,  and  Abscess 
ot  the  brain,  which  may  arise  by  thrombo-phlebitis  but  also  occurs 
without  this.  Paralysis  of  the  facial  nerve  occasionally  results  from 
extension  to  the  Fallopian  canal. 

2.  Syphilis  and  Tuberculosis  of  the  middle  ear.  Syphilis  is  stated 
to  cause  in  some  cases  a  chronic  inflammation  with  sclerosis  as  already 
described.  Tuberculosis  has  often  been  suspected  in  cases  of  chronic 
otorrhoea,  and  the  tubercle  bacillus  has  been  repeatedly  observed  in 
the  discharge. 

3.  Sebaceous  tumours  of  the  ear,  Cholesteatoma.— Under  these 
names  are  included  two  very  different  conditions,  one  of  them,  which 
is  excessively  rare,  is  a  true  tumour  such  as  occurs  in  the  brain.  Most 
cases  of  so-called  sebaceous  tumour  are  due  to  nothing  more  than 
accumulated  and  inspissated  products  of  inflammation,  namely  pus, 
epithelium,  and  debris.  These  collections  may  attain  a  considerable 
size  and  extend  into  the  auditory  canal.  There  may  be  a  deposition 
of  crystals  of  cholestearine  giving  a  glistening  appearance  to  the  mass. 

nr.  Affections  of  the  internal  ear,— The  internal  ear,  consisting  of 
the  labyrinth  and  the  auditory  nerve,  is  rarely  the  primary  seat  of 
disease,  but  is  liable  to  be  involved  in  aflfections  of  the  middle  ear  on 
the  one  hand,  and  of  the  brain  and  its  membranes  on  the  other.  It 
does,  however,  sometimes  suff'er  directly  from  the  eff'ects  of  continuous 
loud  noises  (as  in  boilermakers)  or  from  blows  on  the  head.  These 
lead  to  chronic  inflammations  of  the  structures.  According  to  Ogston 
an  inflammation  of  the  labyrinth  with  eff'usion  is  not  uncommon  in 
gouty  and  rheumatic  persons. 

Inflammations  of  the  middle  ear  by  afi"ecting  the  bone  directly 
may  lead  to  destruction,  or  in  a  less  degree  to  thickenings  and 
atrophies  of  the  labyrinthine  structures.  Sometimes  the  base  of 
the  stapes,  by  pressing  too  firmly  on  the  fenestra  ovalis,  causes  in- 
creased pressure  in  the  labyrinthine  fluid  and  consequent  atrophy  of 
the  nerve.  The  abnormal  position  of  the  stapes  may  be  the  result  of 
inflammation  or  it  may  be  produced  by  obstruction  of  the  Eustachian 
tube. 

Syphilis  not  infrequently  attacks  the  labyrinth  leading  to  thicken- 
ings and  consequent  injury  to  the  nerve  structures.  It  is  said,  also, 
that  haemorrhage  and  serous  exudation  sometimes  result  from  syphilis. 
Congenital  syphilis  may  attack  the  labyrinth,  so  that  deafness  often 
coincides  with  keratitis  and  iritis. 

Meningitis  (cerebro-spinal  and  perhaps  tubercular),  by  extending  to 
the  acoustic  nerve  or  labyrinth,  may  lead  in  children  to  such  damage 
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to  the  structures  as  to  result  in  total  deafness.  This  is  stated  to  be  an 
important  cause  of  deaf-mutism.  Acute  fevers,  especially  scarlet  fever 
and  typhoid  fever,  sometimes  cause  inflammation  of  the  labyrinth. 
Mumps  has  occasionally  a  similar  effect. 

Diseases  of  the  brain  and  its  membranes,  such  as  tumours,  abscesses, 
and  inflammations,  often  involve  the  auditory  nerve  within  the  skull. 
The  auditory  centre  in  the  brain  may  also  be  involved  by  local  diseases 
such  as  embolism  and  hajmorrhage. 

Affections  involving  the  labyrinth  and  producing  Alterations  in  the 
fluid  contents  of  the  semicircular  canals  are  apt  to  produce  subjective 
sensations  of  giddiness  and  sickness.  This  is  due  to  the  fact  that  these 
structures  apparently  exercise  an  important  function  in  connection 
with  the  retention  of  the  equilibrium  of  the  body.  The  group  of 
symptoms  thus  produced  is  included  under  the  designation  Meniere's 
disease.  A  minor  degree  of  giddiness  and  sickness  may  be  produced 
by  syringing  the  ear  with  cold  water,  especially  when  the  membrane 
is  perforated. 

Any  interference  with  the  labyrinth  leads  to  deafness,  and  this  may 
be  absolute.  If  this  occurs  in  children  the  condition  of  Deaf-mutism 
results.  Deaf-mutism  will  occur  when  deafness  has  been  produced  in 
the  infant,  from  whatever  cause,  whether  an  affection  of  the  middle  or 
internal  ear. 
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Abcaudal  duplication  38. 
Abcranial  duplication  40. 
Abcranial  and  abcaudal  duplication  42. 
Abdomen,  defective  closure  of  53. 
Abdominal  pregnancy  1152. 
Abnormalities,  inheritance  of  18. 
Abrachius  58. 

Abscess  127,  1 54— atheromatous  549— 
biliary  1027, 1046— of  bone  632— of  brain 
747,  756— cold  127,  650-of  kidney,  meta- 
static 1099— of  liver,  biliary  1027,  1046— 
liver,  ijya;mic  1 027— of  liver,  tropical  1020 
— of  lung  873— lumbar  651 — mammary 
1180 — metastatic— 94,  156— metastatic, 
in  ulcerative  endocarditis  523 — of  pan- 
creas 1048— psoas  651— round  tuber- 
culous joints  681 — subdural  756. 

Abnormal  closure  or  defect  of  orifices  and 
canals  56. 

Absorption  of  bone  614,  637— of  foreign 

bodies  137. 
Acardiacus  38,  46. 

Acarus,  folUculorum  448, 1244 — scabiei  447, 
1244. 

Acephalic  parasites  39. 
Acephalus  47. 

Achorion  Schouleinii  i&X'^P,  scurf)  1242. 
Achromatosis  459. 

Acne  (fixf  4  a  peak)  1216— mentagra  1217 

—rosacea  290,  1217. 
Acormus  47. 
Acrania  48. 

Acromegaly  238 — pituitary  gland  in  238. 

Actinomyces  (Ray  fungus)  215. 

Actinomycosis  215 — of  alimentary  canal 
218 — of  bone  654 — of  face  and  neck  218 — 
of  heart  540— of  intestine  999 — lesion  in 
216— of  lung  218,  911— parasite  of  215. 

Acute  ascending  paralysis  (Landry)  718. 

Addison's  disease  241,  925 — pigmentation 
in  242,  393,  1209. 

Addison's  keloid  1233. 

Adenia  220. 

Adeno-carcinoma  362. 

Adeno-fibroma,  mamma  1184. 

Adenoid  growths,  post-nasal  817. 

Adenoma  (dBriv,  a  gUmd)  318 — kidney  1116 
— liver  1036 — malignant  362 — mamma 
1183— pituitary  body  807— prostate  1201 
— suprarenal  gland  925 — thj'roid  gland 
922— uterus  1156. 


Adeno-sarcoma,  mamma  1185. 
Adhesion,  primary,  in  wounds  267. 
Adipocere  386. 
Adiposis  dolorosa  290,  692. 
etiology  7. 

Age,  intirience  of,  in  causation  of  disease  23 
—relation  of,  to  aneurysm  561 — relation 
to  mortality  24. 

Agglutinins  151. 

Aglobulism  459. 

Agnathia  51— causation  of  46. 

Ague-cake  601. 

Air-emboUsm  93. 

Albinism,  393,  1209. 

Albuminous  ijafiltration  383 

Albuminiu-ia  1069. 

Alcoholic  neuritis  693. 

Alcoholism,  liver  1020. 

Alexin  151. 

Alimentary  canal,  diseases  of  927 — anatomy 
of  927. 

Alopecia  (dXaiTnyl,  a  fox)  1208 — areata  1208. 
Alveolar  sarcoma  333,  343— cancer  365. 
Amelus  57. 

Amnion,  maKormations  from  affections  of 
45. 

Amoeba  411 — coli  411. 
Amorphus  47. 

Amputation,  degeneration  in  spinal  cord 
after  707. 

Amj)utation-neuroma  305,  307. 

Amyloid  concretions  401, 

Amyloid  degeneration  397 — and  syphilis 
182 — causation  of  398 — changes  in  tissues 
in  398 — distribution  of  400 — localized 
401— nature  of  398.  (For  Amyloid  de- 
generation of  various  organs  see  imder 
resijeotive  headings. ) 

Amyotroiahic  lateral  sclerosis  717,  724. 

Antemia,    acute    traumatic    459 — blood, 
changes  in  460 — bone-marrow  in  464 — 
causation  of    459 — fatty  degeneration 
and  465 — from  defective  formation  of 
corpuscles    460 — from    destruction  of 
corpuscles    459 — from  toluylendiamiu 
462 — general    459 — in  ankylostomiosis 
443 — liver     in     pernicious    462 — local 
(isch;emia)  73 — lymphatica   220,  463— 
organic  changes  in  464 — pernicious  460, 
461 — secondary  463— splenic  465. 
Anosmia  Egyptorum  443. 
Anacroliic  bacteria  174. 
Anasarca  100. 
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Anatomy,  morbid  2— clinical  observation 

and  pathological  4. 
Anchylosis    (dyKijXos,    crooked)    651 — of 

joints  671 — in  tuberculosis  of  joints  682. 
Anencephalus  47. 

Aneurysm  (aueUpva-fia  from  avevpifiiij,  I 
dilate)  558— acute,  of  heart  491— and  cal- 
careousinflltration5Gl— arterial  branches 
in  565 — by  anastomosis  573 — chronic,  of 
heart  492— cirsoid  573— coats  of  artery 

.  in  563— cure  of  568— dissecting  574— 
effects  of,  on  bone  568— effects  of,  on 
heart  566 — effects  of,  on  neighbouring 
structures  567 — false  663— frequency  of 
563— frequency  of,  in  male  sex  562— 
fusiform  55S — injury  of  middle  coat  in 
formation  of  560 — miliary  751 — of  cere- 
bral arteries  749 — of  pulmonary  artery 
in  phthisis  902 — of  valves  in  endocarditis 
515 — relation  of  atheroma  to  559 — 
relation  of  atheroma  to  cerebral  750 — 
relation  of  embolism  to  cerebral  750 — 
rupture  of  571 — sacculated  558 — spuri- 
ous 558,  574 — due  to  sclerostoma  arma- 
tum  444 — terminations  of  568 — thrombi 
in  564 — traumatic  573 — varicose  578. 

Anemysmal  varix  578. 

Angina,  catarrhal  941. 

Angina  pectoris  494. 

Angioma  (1X770?,  a  vessel)  307 — of  bone 
663 — of  brain  777 — cavernous  308 — of 
lips  935 — of  liver  1036— plexiform  or 
capillary  307— of  skin  1236. 

Angio-sclerotic  oedema  103. 

Ankle-clonus  705. 

Ankylostomiasis  443. 

Ankylostomum  duodenale  442. 

Anomalies  30. 

Anthomyia  cauicularis  449. 

Anthracosis  (Avdpa^,  coal)  of  lung  908. 

Anthrax  169— attenuation  of  \arus  172 — 
bacillus  of  170 — in  animals  170— in  in- 
testines 171,  999— in  kmgs  172— in  man 
171— in  skin  171,  1224  —susceptibility  to 
21— symptomatic  173. 

Anti-bodies  151. 

Antitoxins  146,  147— nature  of  147,  151. 

Anus,  imperforate  56— prolapse  of  986— 
urethralis  57— vaginalis  57 — vesicalis  57. 

Aorta,  congenital  stenosis  of  479— dilata- 
tion of  arch  536,  558— rupture  of  aneur- 
ysms of  573. 

Aortic  stenosis  536— effects  of  536. 

Aortic  valve,  insufficiency  of  534— effects 
of  535. 

Aphthous  stomatitis  929. 

Aplasia  (congenital  smallness)  of  brain  737 

Apneumatosis  846. 

Apoplectic  cyst  99,  754— cicatrix  7.54 

Appendices,  epiijloicas  1063. 

Appendicitis  989. 

Aprosopus  53. 

Apus  58. 

Araclmida  447. 

Arachnoid   membrane  780-paochionian 

bodies  318. 
Arcus  senilis  1247. 
Argyria  396,  1210. 

Arms,  defects  of  58-superuumerary  41 
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Arterial  hyperajmia  66— in  inflammation 
113  —  phenomena  of  68  —  vaso-motor 
nerves  and  67. 

Arterial  tension  in  Bright's  disease  1096, 
1097. 

Arteries,  acute  inflammation  of  545— amy- 
loid disease  of  558— atheroma  of  545— 
calcareous  infiltration  of  556— calcifica- 
tion by  metastasis  558 — cerebral,  in 
chorea  746— coats  of,  in  aneurysms  563 
— dilatation  of  66— dilatation  of,  in 
inflammations  113— diseases  of  543 — 
embolism  of  543— end-  88— fatty  de- 
generation of  intima  555 — in  Bright's 
disease  1096 — in  syphilis  183,  578 — 
innervation  of  64 — obliteration  of  543 — 
obstruction  of  69,  74 — ossification  of 
middle  coat  557— retrograde  changes  in 
555 — spasm  of  73 — syphilitic  disease  of 
and  thi-ombosis  in  brain  742 — throm- 
bosis of  543 — tonicity  of  65 — tuberculosis 
of  578 — wounds  of  544. 

Ai'terio-capillary  fibrosis  1096. 

Arterio-sclerosis  (atheroma)  545. 

Artefacts  in  nervous  system  699. 

Arteritis,  acute  545 — purulent  545. 

Arthritis  {Apdpov,  a  joint)  672— deformans 
675— gonorrhoeal  673— gouty  674— 
pyiemic  673 — rheumatic,  acute  674 — 
rheiunatic,  chronic  674 — simple  672 — 
tuberciUar  679. 

Ascaris  lumbricoides  439  — mj'stax  441. 

Ascites  (aa-Kds,  a  bag)  100,  1041,  1053, 
adiposus  1054  — chylous  101,  1054. 

Asiatic  cholera  992 — bacillus  of  992. 

Aspergillus,  in  ear  1257 — in  lung  915 — 
in  nares  818. 

Asphyxia  (o-^t'ifw,  I  beat)  27,  812 — blood 
pressure  in  813 — ecchymosis  in  813. 

Asthma  836. 

Astigmatism  1255. 

Atavism,  19. 

Ataxia  (d  priv.,  rdfts,  order),  Friedreich's 
hereditary  716 — locomotor  712. 

Ataxic  paraplegia  717. 

Ataxy,  locomotor  712 — alterations  of 
function  in  714 — changes  in  cord  712 — 
general  paralysis  and  716 — joints  in  716 
— trophic  lesions  in  715. 

Atelectasis  (dreX'^s,  incomplete  ^/cracis, 
expansion)  845 — congenital  845. 

Atheroma  (6.d7]p-q,  fine  meal)  545— and 
cerebral  aneurysm  750— and  cerebral 
hEemorrhage  750,  752— calcareous  infil- 
tration in  550 — destruction  of  media  of 
vessels  in  552 — effects  of,  on  circulation 
553— effects  of,  on  walls  of  vessels  553 — 
of  cerebral  arteries  742 — of  coronary- 
arteries  490 — relation  of,  to  aneurysm 
559 — tissue  changes  in  546. 

Atheromatous  abscess  549— patches  546— 
ulcer  550. 

Atresia,  congenital,  of  bile-ducts  1045. 
Atrophy  (d  priv.,  rpecpw,  I  nourish)  380 — 
causation  and  forms  of  381 — from  disuse 
382— from  nervous  lesions  382 — from 
passive  hyperemia  72 — from  pressure 
382  —  physiological  380  —  pigmentary 
397  — senile    382.     (For   Atrophy  of 


1266 


INDEX. 


special  organs,  see  under  respective 
headings.) 

Auditory  canal,  external  accumulations 
of  cerumen  in  12.'5G— exostosis  1257— 
foreign  bodies  and  parasites  1257— in- 
flammations 1257. 

Auricle  (ear),  congenital  malformations  of 

1256—  epithelioma  of  1257— fibroma  of 

1257—  gouty  tophi  in  1257— ha;matoma 
of  125G. 

Auricle  (heart),  dilatation  of  left,  in  mitral 
stenosis  534. 

Auricles,  defects  in  septum  of  478— hyper- 
trophy and  dilatation  of  508. 

Auriculo-ventricular  valves — malforma- 
tions of  483. 

Auto-intoxication  11,  223— dyspepsia  and 
223. 

Axons  (of  nerve  cells)  683. 


B 

Bacilli,  septic  infection  from  143. 

Bacillus,  aerogenes  capsulatiis  1013— 
anthracis  169— Asiatic  cholera  992— 
bubonic  plague  169 — coli  communis  160 
—diphtheria  819— found  in  chorea  747 — 
gas-forming,  found  post  mortem  1013 — 
glanders  (B.  mallei)  212— icteroides  165 
— influenza  168 — leprae  205— of  malig- 
nant cedema  173— of  plague  169— of 
symptomatic  anthrax  ("quarter-evil") 
173 — of  syphilis  (Lustgarten)  177— -of 
tetanus  763— of  typhoid  fever  995— 
pestis  169 — pneumoniae  866 — pseudo- 
diphtheritic  821 — pyocyaneus  161 — in 
rhinoscleroma  817 — tuberculosis  187. 

Bacteria  {PaKrrjpla,  a  rod)  12,  143,  1.57. 

Bacteriology  4. 

Baldness  1208. 

Basal  ganglia  of  brain  686. 

Basedow's  disease  (exophthalmic  goitre) 
236. 

Basophil  granules  452,  454. 
Bed-sores,  69,  371,  1210. 
Beri-beri  693. 

Bile-ducts,  capillary,  in  cirrhosis  1029 — 
congenital  atresia  1045 — dilatation  of 
1046 — inflammation  of  1045 — obstruction 
of  1045 — rupture  of  1046 — tuberculosis 
of  1036— tumours  of  1047. 

Bilharzia  haematobia  420. 

Biliary  abscess  1027,  1046. 

Bizzozero's  corpuscles  455. 

"Black  tongue"  935. 

Bladder  (urinary)  1122— calculi  1129— 
cancer  of  1128 — circulatory  disorders  of 
1125— concretions  1129-cysts  of  1129— 
dilatation  1123— diverticula  of  1124 — 
extroversion  of  5.5,  1122— fissure  of  55 — 
haemorrhage  from  1125— hypertemia, 
passive  1125— hypertro])hy  of  1123— 
inflammation  of  1125— papilloma  of  316, 
1128— parasites  of  1129— perforation 
1122— rupture  1122— tuberculosis  1127— 
tumours  of  1127— varix  of  neck  586. 

Bladder-worms  422. 

Blebs  1212. 

Blood,  coagulation  of  75— constituents  of 


450— corpuscles  in  unit  volume  of  455— 
determination  of  66.  114— disjjoBal  of 
excess  456— examination  of,  for  malarial 
parasite  416— in  anaemia  460— in  leu- 
kemia 468— in  lipiemia  231— in  typhus 
fever  165— infection  of  144- plasma  4.50 
—plates  455— regeneration  of  263,  451— 
transfusion  of  456. 
Blood-cysts  326. 

Blood-plates  455— as  factors  in  coagulation 
76,  77. 

Blood-pressure,  in  asphyxia  81 3— in  chronic 
nephritis  1096,  1097— local  increase  of  66 

Blood-vessels  542— syphilitic  disease  of,  in 
brain  771— in  granulation  tissue  134 — 
regeneration  of  265. 

Boil  (skin)  1221. 

Bone,  abscess  in  632— absorption  of  614, 
637— actinomycosis  in  654— angioma  of 
663 — atrophy  of  627 — carcinoma  of  665 
caries  of  265 — chondroma  of  661— cysts 
663 — deformities  of,  in  rickets  621  et  seq. 
— diseases  of  610 — effects  of  aneurysms 
on  .568,  627— fibroma  of  661 — formation 
and  grovi'th  611 — growth  of  613 — hyper- 
trophy of  261,  634— in  childhood  fill- 
in  congenital  syphilis  6.53 — in  cretins  625 
— in  post-inflammatory  new-formation 
135 — in  relation  to  metaplasia  of  con- 
nective tissue  615 — inflammations  of 
630 — internal  architecture  of  612 — 
lipoma  of  661 — malformations  of  615 — 
marrow  of,  and  blood-formation  464 — 
myxoma  of  661 — necrosis  of  632,  635 — 
new-formation  (in  chronic  ostitis)  633 — 
new-formation  (in  tuberculosis)  651,  682 
— in  osteomalacia  628— parasites  of  667 
— rarefaction  of  633 — sarcomas  of  664 
— senile  atrophy  627 — syphilitic  affec- 
tions of  652 — transplantation  of  270, 
644,  646— tuberculosis  of  648— tumours 
of  660. 

Bones,  multiplication  of  42. 

Bone-marrow  610 — and  blood-formation 
464 — and  red  corpuscles  464 — blood- 
forming  function  of  611 — cancer,  second- 
ary in  353 — fatty  infiltration  of  628 — 
foetal  613 — in  acute  infective  diseases 
615 — in  anaemias  464 — in  hasmorrbagio 
smallpox  615 — in  leukasniia  470— in  old 
age  615 — in  osteomalacia  629 — in  per- 
nicious anaemia  462,  464  —  red  611 — 
yellow  611. 

Bothriocephalus  latus  (^odpiov,  a  little  pit, 
KerpaXri,  the  head)  434. 

Brachycephalus  {Ppaxm,  short)  616. 

Brain  730 — abscess  of  756 — abscess  of,  anil 
thrombosis  747,  756 — afi'ections  of  circu- 
lation in  740— anaemia  (ischremia)  of  740 
— aplasia  (congenital  smallness)  of  737 
— appearances  of,  in  general  paralysis 
760 — apijearances  in  hajmorrliage  753 — 
arteries  of  735— atrophy  765— atrophy 
(general  paralysis)  760 — cancer  777 — 
causes  of  abscess  of  756 — cholestea- 
toma 777 — convolutions  of  733 — degen- 
erative changes  766 — eohinococcus  779 — 
embolism  of  741 — fissures  of  733 — func- 
tions of  convolutions  735— glioma  310, 
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773— gumma  769— hseniorrhage  748— 
heterotopia  of  738— byper»mia  (active 
aud  passive)  of  740— hypertrophy  of  738 
inflammations  of  755 — laceration  of  739 
—malformations of  737— membranes  and 
cavities  of  780— normal  weight  of  738 — 
cedema  of  741— parasites  777— psam- 
moma  of  311, 774-  -sarcoma775— sclerosis 
758— senile  atrophy  765— softening  of 
741,  743,  771— structure  of  730— syphilis 
of  769— thrombosis  of  arteries  742— 
traumatic  lesions  of  739 — tubercular 
tumour  of  767— tumours  and  parasites 
of  772. 

Brail),  diseases  of  membranes  of  {sec  Men- 
inges). 

Bright's  disease  of  kidney  1083 — acute 
1085— causation  1083— chronic  1091— 
forms  of  1085 — functional  changes,  etc., 
in  1095 — hypertrophy  of  left  ventricle  in 
1096 — increased  blood-pressurein  chronic 
1096,  1097— urasmia  in  224,  1068,  1123— 
{see  also  Nephritis). 

Broad  ligament,  cysts  of  1170 — varix  of 
586. 

Bronchi  {Pp6yxos,  windpipe)  dilatation  of 
837 — foreign  bodies  in  841 — inflamma- 
tion of  832 — stenosis  of  836 — structure 
of  831 — tuberculosis  of  898 — tumours  of 
840. 

Bronchial  catarrh  833. 
Bronchial  glands,  in  phthisis  ijulmonalis 
898. 

Bronchiectasis  {Pp6yxo?,  windpiise,  ^Kxaais, 
expansion)  837 — complemeutar}-  837 — in 
chronic  pneumonia  879 — in  phthisis  896 
— relation  to  atelectasis  846 — structural 
changes  in  839. 

Bronchitis  {Pp6yxos,  windpijae)  832— acute 
833 — capillary  874 — chronic  835 — exuda- 
tion in  acute  833 — fibrinous  836 — foetid 
835,  842— plastic  836— septic  835— spu- 
tum in  833,  835. 

Bronohocele  {ktiXtj,  a  tumour)  922. 

Broncho-pneumonia  874 — collapse  of  lung 
in  875— septic  876. 

Brown  atrophy  (heart)  495. 

Brown  induration  (lung)  73,  857. 

Bubo  593 — indurated  596 — suppurating 
^93. 

Bubonic  plague,  bacillus  of  169. 
Bulbar  paralysis  724. 
Bulbar  paralysis,  pseudo-  725. 
BuUre  1212. 

Burdach,  columns  of,  in  cord  697. 

Burns  (of  skin)  10,  1219— degrees  of  1219— 

duodenal  ulcer  in  1220— htemoglobinuria 

after  1220. 
Butyric  acid  fermentation  951. 


0 

Cachexia  (k(£kos,  bad,         habit)  277— 

strumipnva  vel  thyreopriva  2.34. 
Caisson  disease  710. 

Calcareous  deposition,  in  chronic  endo- 
carditis  518— pericardium  500. 

Calcareous  infiltration  406-in  atheroma 
OoU— toUowing  caseous  tuberculosis  195 


— of  arteries  556 — of  heart  muscle  501 — 
following  fatty  degeneration  389 — of 
heart  valves  518. 

Calcification,  metastatic  406,  558. 

Calculi,  basic  phosphate  of  lime  1131 — 
biliary  1043— carbonate  of  lime  1131 — 
cystine  1131 — in  urinary  bladder  1129 — 
oxalate  of  lime  (mulberry)  1130 — renal 
1110 — tribasic  phosjahate  11.31— uric  acid 
1130— urate  1130— xanthine  1131. 

Callosity  (skin)  1234. 

Callus,  in  healing  of  fractures  641 — exter- 
nal 642 — internal  642 — intermediary  643 
— provisional  641 . 

Calorific  centre  245. 

Cancer  344 — age  and  sex  in  relation  to  349 
— alveolar  365 — behaviour  of,  in  different 
organs  23 — blood-vessels  in  346 — cauli- 
flower 358— "cell-nests"  in  344- cells  of 
344— colloid  365 — colloid  degeneration 
in  355— characters  of  secondary  tumours 
3-52 — connection  with  epithelial  struc- 
tures 346— deflnition  of  344 — dilata- 
tion of  lymphatics  in  neighbourhood 
of  589  —  encepbaloid  363  —  fatty  de- 
generation in  355 — generalization  of 
353— growth  of  351 — hard  365 — indi- 
vidual forms  of  357— iuoculability  of 

351 —  irritation  and  production  of  346 — 
localities  of  346 — Ij'mphatic  glands  and 

352 —  medullary  363 — melanotic  .367 — 
metastasis  352 — mucous  367 — mucous 
degeneration  of  355 — parasitic  protozoa 
in  349 — relation  of,  to  lymphatics  346- — 
retrograde  changes  in  355 — scirrhous  364 
— secondary  352 — soft  363 — stroma  of 
345  — structure  of  344 — ulceration  and 
356,  359 — umbilication  of  355 — villous 
358.  (For  Cancer  of  various  organs,  see 
under  respective  headings.) 

Cancrum  oris  931. 
Canities  1209. 

Capillaries,  hyaline  thrombosis  of  82. 
Capillary  embolism  87. 
Capsule  coccus,  meningitis  795,  796 — pneu- 
monia 865. 
Carbuncle  1221. 

Carcinoma  (Kapdyos,  a  cancer).  See  Cancer 
344. 

Carcinomatosis  353. 

Caries  of  bone  650— in  connection  with 

tuberculosis  648— of  teeth  938. 
Carnification  of  lung  846. 
Cartilage,  formation  of,  after  inflammation 

135 — regeneration  of  266. 
Caruncula;  (urethral)  1133. 
Caseous  necrosis  194,  378,  889— cavities 

from  softening  in  890 — in  tuberculosis 

194,  889. 
Caseous  pneumonia  883. 
Cataract  1251. 

Catarrh  118— bronchial  883— fauces  941— 
intestine  987 — larynx,  acute  823 — 
larynx,  chronic  824— middle  ear  12.59 — 
mouth  929 — nasal  814 — nasal,  chronic 
810— stomach,  acute  956 — stomach, 
chronic  956  — trachea,  acute  823  — 
trachea,  chronic  824. 

Catheter  fever  1127. 
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Cauliflower  cancers  358. 
Cavcruous  angioma  308. 
Cavernous  lympliangiomas  589. 
"Cell-nests"  344. 
Cell-theory  6. 
Cells,  division  of  255. 
Cellulitis  pelvic  1151. 
Cement  (teeth),  structure  of  937. 
Cerebellum  685,  735. 

Cerebral  hemorrhage  748— atheroma  and 
750 — from  larger  arteries  748 — relation 
of  aneurysm  to  749,  750. 

Cerebro-spinal  canal,  defects  in  44. 

Cerebro-spinal  fluid  781. 

Cerebro-spinal  meningitis  796. 

Cerumen  1257. 

Cestoda  {kso-tSs,  a  girdle,  eiSos,  likeness) 
422. 

Chancre,  Hunterian  or  indurated  177— 

lips  983— penis  1199— soft  1223. 
Charboii  {see  Anthrax)  169. 
Charcot's  crystals  469,  837. 
Charcot's  disease  (of  joints)  679. 
Chemiotaxis  123. 

Chest,  deformities  of,'  in  rickets  622. 
Chicken  cholera,  susceptibilities  to  21. 
Chicken-pox  163. 
Chigoe  449. 
Chilblain  1220. 
Children,  mortality  of  23. 
Chloasma  (x^o^>  a  young  shoot)  1209. 
Ohloroma  (x^wpos,  pale-green)  343. 
Chlorosis  460,  463 — defective  development 
in  463. 

Cholera  (Asiatic)  992— bacillus  of  992— 
collapse  stage  of  246 — Hamburg  epide- 
mic 8 — negroes  and  21 — Pfeiffer's  re- 
action in  993 — vaccine  of  994. 

"  Cholera-red"  reaction  993. 

Cholera  nostras  992, 

Cholestearine  (X"^'?!  bile,  and  crreap, 
tallow)  389 — in  colloid  ovarian  cyst  1169 
— in  gall  stones  1044 — in  hydrocele  fluid 
1197. 

Cholesteatoma  359— brain  777— ear  1262. 

Chondroma  {x^vSpos,  gristle)  293  (see  also 
Bnchondroma) — in  connection  with  bone 
661 — occasional  malignancy  of  276,  296 
of  dura  mater  802— osteoid  295,  343,  661 
— secondary  changes  of  296. 

Ohondro-sarcoma  333. 

Chordas  tendineas,  rupture  of,  in  acute 
endocarditis  514. 

Chorea  (xopeia,  a  dance)  746 — bacillus 
found  in  747— condition  of  cerebral 
arteries  in  746 — relation  of  endocarditis 
to  511. 

Chorion  epithelioma  1177. 

Choroid,  affections  of  1249- sarcoma  of 
1255. 

Choroid  plexus  782 — papilloma  of  803— 

psammoma  of  802. 
Choroiditis  1249. 
Chylous  ascites  101,  589. 
Chylous  diarrhcea  446. 
Chylous  hydrothorax  101,  589,  917. 
Chyluria  102,  231,  446,  589. 
Cicatrix  134— apojilectic  754 — formation 


of,  after  inflammation  130— in  phthisis 
pulmonalis  899. 

Cimex  lectularius  449. 

Circulation,  effects  of  atheroma  on  553— 
fostal  475— hepatic  1012— physiology  of 
63 — pulmonary  809. 

Cirrhosis  (KLppos,  tawny),  biliary  1028, 
1030— carcinomatosa  1038— kidney  1091 
—liver  1028— liver,  hypertrophic  1030 
— liver,  monocellular  1034 — liver,  mono- 
lobular  1030— liver,  syiihilitic  1032— 
lung  878. 

Cirsoid  aneurysm  573. 

Clavus  1235. 

Cleft  palate  53. 

Clinical  observation  4. 

Cloaca  persistence  of  56. 

Cloudy  swelling  383— in  fever  252— in  in- 
flammation 129. 

Club-foot  668— forms  of  668. 

Coagulation-necrosis  377. 

Coal-miner's  lung  908. 

Cocci  {kokkos,  a  kernel),  pyogenic  126,  157 
— in  ulcerative  endocarditis  520. 

Ooccidia  411. 

Coccidiosis  411,  412. 

Coccidium  oviforme  412. 

Ooenurus  422 — oerebralis  436 — serialis  436. 

Cohnheim's  theory  of  tumours  272. 

Cold,  influence  on  living  and  dead  egg  6 — 
result  of  exposure  to  13. 

Cold  abscess  127,  650. 

Collapse  of  lung  846. 

Collateral  hypera;mia  66. 

Colliquefaction  377. 

Colloid  cancer  (/coXXa,  glue)  365. 

Colloid  cystoma  (ovarian)  1165 

Colloid  degeneration  404— in  cancers  355. 

Colour  blindness,  inheritance  of  20. 

Comedo  1216. 

Comma  bacillus  (Koch)  992— colour  test 

for  993. 
Complement  151. 

Concretions,  amyloid  401 — calcareous  406 
— in  urinary  bladder  1129— pancreatic 
1050— prostatic  1202— vesiculre  semin- 
ales  1203. 

Condylomata  {Kov5vXu}/j.a,  a  knob)  314, 
1225— larynx  826— penis  1199. 

Congenital  diseases  and  susceptibilities  15. 

Congenital  syphilis  183,  653. 

Congestion,  active  66— passive  69  (sec 
Hyperaemia). 

Conjunctiva,  affections  of  1245— tubercu- 
losis of  1247 — tumours  of  1255. 

Conjunctivitis  1245— catarrhal  1246— diph- 
theritic 1247— granular  1246— purulent 
1246. 

Connective  tissue,  formation  in  sclerosis  of 
cord  702— in  granulating  wound  134 
hypertrophy  of,  from  passive  congestion 
72 — regeneration  of  265. 

Constitution,bodily,  the  result  of  inherit- 
ance 22— of  the  various  organs  22. 

Constitutional  disease  22. 

Contagion,  and  leprosy  205— and  t>ibercu- 
losis  190. 

Contagious  disease  143. 

Contagium  vivum  12. 
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Contracture  704— explanation  of  704. 

Cornea,  affections  of  1247  -conical  1247— 
herpes  of  1248— inflammations  of  1247— 
retrograde  changes  in  1247— tumours  of 
1255 — ulcers  of  1248. 

Corns  262,  1235. 

Coronary  arteries,  atheroma  of  490— em- 
bolism of  490— stenosis  and  occlusion  ot 
490. 

Corpora  amylacea  (&iJ.v\ov,  starch)  401. 

Corpuscles  451— action  of  poisons  on  460— 
action  of  toluylendiamin  on  462— Bizzo- 
zero's  4.^5— compound  granular  744 — 
diapedesis  of  red  122— emigration  of 
white  121— in  pernicious  ansemia  462— 
number  in  unit  volume  of  blood  45.5 — 
Rainey's  413. 

Coryza  814. 

Cranioschisis  47,48. 

Craniotabes  617,  625,  653. 

Crateriform  ulcer  of  face  359. 

Cretinism  235— bones  in  625— defect  of 
brain  in  739 — macroglossia  in  935 — 
pituitary  body  in  806— thyroid  gland  in 
235. 

Crisis  in  fever  250. 

Croup  823  -bronchial  836— false  819. 

Croupous  exudation  128. 

Croupous  pneumonia  865. 

Crude  or  yellow  tubercle  195,  883. 

Cryptorchismus  (KpvwTbs,  hidden,  iipx'5> 
the  testicle)  1192. 

Crystalline  lens,  regeneration  of  265. 

Curvature,  spinal  654 — angular  656 — an- 
terior 657 — antero-posterior  656 — forms 
of  655 — lateral  657 — posterior  657. 

Curvatures,  normal,  of  vertebral  column 
654,  655. 

Cyanosis  (/ciiaco?,  blue)  72,  484,  1206 — and 

dyspnoea  812. 
Cyanotic  induration  72. 
Cyclitis  1249. 

Cyclopia  49 — causation  of  46. 
Cylindroma  333,  343— of  brain  777— of 

peritoneum  1058 — ot  spinal  cord  728. 
Cysticercus  (Kvari^,    a  bladder,  KepKos, 

a  tail)  422— bovis  4.30— brain  777— cellu- 

losaj    426 — racemosus    426 — tenuicoUis 

436. 

Cystimiria  1131. 
Cystitis  1125. 
Cystocele  1142. 

Cystoma  322— colloid  ovarian  1165. 

Cysts  321— apoplectic  99,  325,  754— 
bladder  1129— blood  326— bone  663— by 
dilatation  of  pre-existing  spaces  323 — 
cancerous,  of  brain  777— colloid  ovarian 
1165— dermoid  323— dermoid,  of  neck 
53— dermoid,  of  ovary  1171— dermoid, 
of  testicle  1196— extravasation  325— 
from  new-formed  gland  tissue  325— 
hydatid  430-in  interstitial  nephritis 
1092— lacteal  1191— mammary  1191— 
mucous  322— nares  818-of  'bile-ducts 
1046— of  broad  ligament  1170— of  jaw 
bb.i— of  kidney  1114— of  neck  53— of 
spinal  cord  728,  785-papillomatous,  of 
ovary  1169^parasitic  325— parasitic,  of 
iiver  1042— parovarian  1170  — retention 


322— retention,  mammary  1191— second- 
ary 325— simple,  ovary  1105— tubo- 
ovarian  1173— in  tumours  325  —  of 
urachus  56— vermiform  appendix  1006. 

Cytase  151. 

Cyto-lysins  151. 

Cytoryctes  vaccinice  16.3. 


D 

Daltonism,  inheritance  of  20. 

Darier's  Disease  1187  (see  Paget's  Disease). 

Deaf-mutism  1263. 

Death  2,  27— by  heart  27— by  lungs  27. 

Decidua  117-3- haemorrhage  1174— inflam- 
mation of  1174. 

Deciduoma  malignum  344,  367,  1177 — 
showing  metastases  in  lung  915 — in  liver 
1041. 

Defects,  in  formation  of  parts  44 — in  twin 
foetation  46 — involving  head  and  spinal 
col.  47 — of  orifices  and  canals  56. 

Defective  coalescence  or  closure  of  abdo- 
men 54— of  parts  in  front  52 — of  thorax 
53. 

Degeneration,  amyloid  397 — colloid  404 — 
fatty  385— hyaline  404— mucous  402— 
parenchymatous  383 — grej',  spinal  cord 
701 — waxy  397 — ascending,  of  spinal 
cord  705 — descending,  of  spinal  cord  702 
— in  cancers  355 — in  tumours  277 — of 
cord  after  amputations  707 — secondary, 
in  cord  700.  (For  Degenerations  of 
various  organs,  see  under  respective 
headings. ) 

Delirium  759. 

Dementia  jjaralytica  716,  760. 
Demodex  folliculorum  448. 
Dendrites  of  (nerve-cells)  683. 
Dengue  167. 

Dentine,  secondary  939 — structure  of  937. 
Dermoid  cysts  323 — of  dura  mater  803 — 

of  neck  53 — of  ovary  1171 — of  testicle 

1196. 
Desmoid  280. 

Detachment  of  retina  1254. 

Determination  of  blood  66,  114. 

Diabetes  insiindus  and  inheritance  20. 

Diabetes  mellitus  226 — and  excision  of 
pancreas  227 — glycosEemia  in  226 — kid- 
neys in  229 — lipnemia  in  231 — relation  of 
coma  and  lipsemia  in  232 — tissues  in  229. 

Diapedesis,  ha;morrhage  by  70 — of  red 
corpuscles  122. 

Diaphragm,  lymphatics  of  1051 — relation 
to  abdominal  cancers  1063. 

Diarrhoea  972— chylous  446— stools  in  973. 

Diathesis  22. 

Dicephalous  (double-head)  monsters  40. 

Dicrotisra,  of  pulse  in  fever  253. 

Dilatation,  of  arteries  64,  66,  113— bile- 
ducts  1040— bronchi  837— cerebral 
ventricles  (dropsy)  782,  785— heart  .504 
oesophagus  944 — pelvis  (kidney)  1079 — 
stomach  954 — urinary  bladder  1123 — 
uterus  1146 — veins  (varix)  581. 

Diphtheria  {5i<l>eepa,  a  skin)  819— bacillus 
of  819— fauces  in  942— immunity  in  820 
larynx  in  822— mixed  infection  in  820. 
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Diphtheritic  exudation  128. 
Diphtheritic  pneumonia  877. 
Dip_lococcu8,    Frasnkel    865— gonorrlioeao 
159— in  acute  leptomeningitis  795— in 
cerebro-spinal    meningitis    796 — pneu- 
monia 865. 
Diprosopus  (double  face)  monsters  40. 
Dipj'gus  twins  38. 
Direct  cerebellar  tract  698. 
Disease,  age  in  causation  of  23— causation 
of  7— causes  of,  external  and  internal 
9— congenital     1-5,     16— constitutional 
22,  222~contagious  12— definition  1— 
epidemic    and    endemic    13— external 
circumstances  and  susceptibility  to  13— 
hereditary  16— idiopathic  or  spontaneous 
14— infectious  and  infective  12,  153,  161 
— inheritance  and    causation  of  16— 
recovery  from  26— sex  in  causation  of 
25 — terminations  of  26. 

Diseases,  acute  specific  of  uncertain  micro- 
bic  origin  161 — of  certain  microbic  origin 
167— from  changes  in  secretion  and  ex- 
cretion 224. 

Dislocations,  congenital  668— spontaneous 
670— traumatic  669. 

Disseminated  sclerosis  758. 

Distoma,  hajmatobium  420,  1043— hepati- 
cum  418,  1043— lanceolatum,  419,  1043— 
pulmonale  vel  Ringeri  420— sinense  vel 
spathulatum  419,  1043. 

Diverticulum,  Meckel's  974— oesophagus 
945— pericardium  475— stomach  955— 
urinary  bladder  1124. 

Diver's  paralj'sis  710. 

Dochmius  duodenalis  442. 

Double  monsters  31. 

Dracunculus  medinensLs  444. 

"  Drop-wrisb,"  69.5. 

Dropsy  72,  99 — causation  100— in  Bright's 
disease  1098— of  cerebral  ventricles  782, 
785 — inflammatory  118. 

Dropsical  fluids,  composition  of  105. 

Ductus  arteriosus  475 — persistence  of  479. 

Ductus  choledochus,  obstruction  of  1046. 

Duodenal  ulcer  (after  burns)  1220. 

Duodenitis  989. 

Duplication,  abcaudal  38 — abcranial  40 — 
complete  36 — simultaneously  abcranial 
and  abcaudal  42. 

Duplicity  of  uturus  and  vagina,  1139. 

Dura  mater  780 — cancers  803 — chondroma 
802— dermoid  cysts  of  803— fibroma  802 

— gumma  of  770— hsematoma  of  791 — in- 
flammation of  794 — osteoma  803 — psam- 
moma  802 — sarcoma  of  803 — varix  of 
586. 

Dust,  diseases  from  inhalation  of  906. 
Dwarfs  43. 

Dysentery  (5i5s,  and  ivrepov,  the  bowel) 
990— chronic  991. 

Dysmenorrhoea  membranacea  1144. 

Dyspepsia  and  autointoxication  223 — in 
gastric  ulcer  962. 

Dyspnoea  810— cardiac  811— cyanosis  and 
oedema  in  812 — from  emphysema  855 — 
from  insufficiency  of  air  810— from  in- 
sufficiency of  pulmonary  circulation  811 
— relation  of  pj-rcxia  to  812. 


E 

Ear  1256— cerumen  in  external  1257— 
cholesteatoma  1262— congenital  malfor- 
mations 1256-external,  affections  of 
1256— external,  inflammations  of  1257— 
foreign  bodies  in  external  12.57— fungi 
m  external  12.57— internal,  affections  of 
1262— middle,  affections  of  12,58— mu- 
cous polypi  of  1260-parasites,  in  exter- 
nal 1257— suppurative  disease  and  cere- 
bral abscess  757,  1262— syphilis  of  1262 
—tuberculosis  of  1262. 
Ecchondrosis  (xovSpoi,  gristle)  293. 
Ecchymoses  [x^fios,  juice)  97— in  asphyxia 

813— skin  1207. 
Eohinococcus  (ex'^os,  a  hedgehog)  422,  430 
brain  779— of  dura  mater  803— in  spinal 
cord  728— in  heart  541— in  lung  915— 
in   liver  1042— kidney   1121— mamma 
1191— in  spleen  609— scolecipariens  vel 
granulosus  431. 
Ectopia  cordis  53,  474. 
Eczema  1213— of  nipple  1187. 
Ehrlich's  side-chain  theory  149. 
Elephantiasis    446,    588— arabum  210— 
character  of  lesion  in  211— filaria  in 
eleph.  arab.  211,  446— graicorum  207— 
relation  to  fibroma  284. 
Elephantoid  hypertrophies  211. 
Emaciation,  general  381. 
Embolic  pneumonia  877. 
Embolism  [ifi^oKos,  a  plug)  86— air  93— 
arteries  coronary  490— arteries  mesen- 
teric 976— artery,  middle  cerebral  742— 
artery,  pulmonary  859— artery  retinal 
1253— brain  741— causation  of  86— diag- 
nosis of  87— fat  92,  859— hajmorrhagic 
infarction  (lung)  860— in  acute  endocar- 
ditis 515— in  chronic  endocarditis  520 — 
in  ulcerative  endocarditis  522 — infective 
93— kidney  1077— phenomena  of  87— 
pulmonary    859 — relation    to  cerebral 
aneurysm  750— special  forms  of  92 — 
spleen  602. 
Embolus  74. 
Embryo,  fission  of  34. 
Emmetropia  1254. 

Emphysema,  anatomical  changes  in  8.52— 
causation  850 — complementary  851 — 
effects  of  854 — interlobular  or  interstitial 

849 —  pulmonary  849 — senile  855 — sub- 
cutaneous or  surgical  850— substantive 

850 —  vesicular  850 — vicarious  851. 
Empyema  918. 

Enamel,  structure  of  937. 
Encapsulation  of  foreign  bodies  137. 
Encephalitis,   acute  localized  non-septic 
756— chronic  localized  758— diffused  759. 
Encephalocele  47,  48. 
Encephaloid  cancers  363. 
Encephalon,  the  730. 

Enchondroma  294 — central  295 — peripheral 

295— seats  of  294. 
End-arteries  (Cohnheim)  88. 
Endarteritis  (deformans,   nodosa)    545 — 

chronic  545  (sec  Atheroma) — in  Bright  s 

disease  1093. 
Endarteritis  obliterans  555. 


INDEX. 


1271 


Endemic,  definition  of  13. 

Endocarditis,  acute  {^vSov,  within,  Kapdla, 
the  heart)  511— aneiu-ysm  of  valves  m 
515— changes  in  chronic  517— chronic 
517_j.uptm'e  of  chordas  tendinete  in  515 
—simple  acute  511— tubercular  537—. 
vilcerative  (malignant  or  infective)  520 
— warty  vegetations  in  511. 

Endocardium,  fatty  degeneration  of  500. 

Endometritis  {^vSov,  within,  f^rirpa,  the 
womb)  1147— acute  1147— chronic  1148— 
decidualis  1174— gonorrhoeal  1148— puer- 
peral 1148. 

Endothelioma  344,  367. 

Engastric  twin  39. 

Enteritis  987— diphtberitio  988— follicular 
988— membranacea  988— phlegmonous 
988. 

Enterocystoma  975. 

Eosinophil  granules  452,  454. 

EosinophiUa  467. 

Epidemic,  definition  of,  13. 

Epididymis,  inflammation  of  1193. 

Epididymitis  1193. 

Epigastrius  twin  39,  41. 

Epiphysis,  separation  of,   in  congenital 

syphilis  654. 
Epispadias  56. 
Epistaxis  814. 

Epithelioma,  cylinder-celled  360— epider- 
mic globes  (laminated  capsules)  in  357 — 
flat-celled  357— moUusoum  1237. 

Epithelium,  formation  of,  after  inflamma- 
tion 135 — regeneration  of  264 — regenera- 
tion of  glandular  264. 

Epizoa  (eiri,  upon,  iHov,  an  animal)  447. 

Bpiilis  {eirL,  upon,  oBAov,  the  gum)  282, 
341,  936. 

Erb's  spastic  paralysis  717. 

Erysipelas  167,  588,  1223— of  swine  366— 
streptococcus  of  167. 

Erythanthema  1207. 

Erythema  (epvdaifuj)  I  dye  red)  1213 — 

syphilitic  1225. 
Erythroblasts  611. 
Erythrocytes  451. 
Erythromelalgia  692. 

Exophthalmic  goitre  236 — thyroid  gland  in 
236. 

Exostoses  296,  661— cartilaginous  297,  661 

— ivory  297,  061— multiple  661 — spongy 

297,  661— of  teeth  940. 
External  forces  causing  disease  9. 
Extra-uterine  pregnancy  1152. 
Extravasation  cysts  325". 
E.xtravasation  of  ru'ine  1122. 
Extremities,  absence  or  defect  of  57. 
Extroversio  vesicae  55. 
Exudation,  croupous  128— diphtheritic  128 

fibrinous   119— in  inflammation  118— 

purulent  126— serous  118. 
Eye,  diseases  of  1245 —parasites  of  1256— 

tumours  of  1255. 
Eyeball,  tumours  of  1255. 


F 

Face,  hemiati'ophy  of  382. 
Facial  clefts  52. 


Fallopian  tube,  inflammation  of  1148,  1149 
—tuberculosis  of  1154— tumours  of  1173. 
False  croup  819. 
False  joints  644. 

Family  peculiarities,  inheritance  and  21. 
Farcy'211. 

Fastigium  249— state  of  skin  durmg  249. 
Fat  embolism  92,  859. 

Fatty  degeneration,  causation  of  385 — 
characters  of  tissues  in  388— general  386 
—in  cancers  355— local  386— of  endo- 
cardium 500— of  heart  498,  492— of  in- 
tima  of  arteries  553— in  anaemias  465. 
(For  Fatty  degeneration  of  various 
organs,  see  under  respective  headings. ) 

Fatty  infiltration  390— in  connective  tissue 
390— of  heart  496— of  liver  391— round 
disused  or  atrophied  organs  390. 

Fauces  940— abscesses  in  942— acute  phleg- 
monous inflammation  942 — angina, 
catarrhal  941— catarrhs  of  941— diph- 
theria of  942— malformations  941 — 
syphilis  of  943 -tuberculosis  of  944— 
tumours  of  944. 

Favus  1242. 

Fever  (see  also  Temperature,  Heat)  10,  117, 
243 — alteration  of  urinary  constituents  in 
249— causation  and  forms  of  247— cloudy 
swelling  in  252 — cold  stage  of  248 — con- 
dition of  brain  in  759 — crisis  in  250— 
excess  of  urea  in  249 — fall  of  blood- 
pressure  in  253— fastigium  249— in  in- 
flammation 117 — from  nervous  lesions 
247 — in  phthisis  pulmonalis  904— in 
toxaemia  248 — increased  jjulse-rate  and 
respiration  in  252 — nervous  disturbances 
in  253 — post-mortem  appearances  in  253 
— puei'peral  1151 — termination  of  250 — 
theories  of  250,  251 — lu-ea,  amount  of,  in 
249 — wasting  of  tissues  in  249. 

Fevers,  acute,  specific,  161. 

Fibrine,  formation  of  75 — in  inflammatory 
exudation  120. 

Fibrinous  oedema  121. 

Fibroblasts  131. 

Fibroid  phthisis  893. 

Fibroma  280— and  elejihantiasis  284 — 
auricle  1257 — hard  280 — in  connection 
with  bone  661 — kidney  1114 — larynx 
839 — mamma  1184 — molluscum  286, 
1239— nares  818— of  dura  mater  802— 
ovary  1173— secondary  changes  281 — 
.skin'1240— soft  283. 

Fibroma  molluscum  286,  1239. 

Fibromyoma  300. 

Fibroneuroma  287. 

Fibrosarcoma  333,  337. 

Filaria  Demarquaii  446 — diui-na  446 — im- 
mitis  447 — medinensis  444 — Oslori  447 — 
piipillosa  447 — perstans  446 — sanguinis 
hominis  (filaria  liancrofti)  211,  444. 

Fingers,  defects  of  61  —supernumerary  19, 
616— webbing  of  19. 

Fission  of  embryo  34 — abcaudal  38 — ab- 
cranial  40 — abcranial  and  abcaudal  42. 

Fissura,  abdominalis  54 — sterni  53 — vesicae 
55. 

Fistula,  congenital,  of  neck  53,  818,  941 — 

umbilical  974. 
Flat-foot  669. 
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Fleshy  mole  1174. 

Flocating  kidne\-  1075. 

Flukes  418. 

Foetal  circulation  475. 

Fostal  marrow  613. 

Foetal  rickets  626. 

Foetus  in  fcetu  39,  41. 

Foetus  papyraceus  46. 

Foramen  ovale  475— patency  of  478 

Foreign  bodies,  effects  of,  in  tissues  136— 
encapsulation  of  137— in  bronchi  841— 
in  external  ear  1257— in  intestine  1004 
— m  larynx  831. 

Formative  cells  131. 

Fowl  tuberculosis  204. 

Fractures,  callus  in  641  -healing  of  639— 
partial  622— septic  infection  of  com- 
pound 154— spontaneous  664— ununited 
644. 

FramboBsia  1228. 

Friedreich's  hereditary  ataxia  716. 
Frost-bite  1220. 
Fungus  hEematodes  334,  363. 
Fungus  testis  1195. 

"Funnel-shaped"  deformity  (mitral  valve) 
533. 

G 

Galactocles  1191. 

Gall  bladder,  cystic  condition  of  1046- 

— impaction  of,  with  gall  stones  1044— 

tumours  of  1047. 
GaU  stones  1043— multiple  1044— single 

1044 — causing  obstruction  of  intestines 

1044 — composition  of  1044. 
Gangrene  85,  370— dry  and  moist  375— 

hospital  1224- lung  880— symmetrical 

(skin)  1206  {see  also  Necrosis)." 
Gas-forming  bacillus,  found  post-mortem 

1013. 
Gastric  cancer  965. 
Gastric  ulcer  958. 
Gastritis  955. 
Gastroliths  971. 
Oastromalacia  952. 
General  paralysis  of  insane  716,  760. 
Generalization  of  tumours  275 — of  cancers 

353. 

Generative  organs,  diseases  of  1137- -dis- 
eases of  the  female  1137 — diseases  of 
the  male  1192 — malformations  of  female 
1138. 

Genu  valgum  622. 

Genu  varvim  622. 

German  measles  164. 

Giants  33. 

Giant  cells,  in  granulation  tissue  133 — in 
miliary  tubercle  192— in  sarcomata  3-10. 
Giant-celled  sarcoma  340. 
Gigantoblasts  464. 

Gland,  regeneration  of  epithelium  of  204. 

Glands  (see  Lymphatic  glands)  590. 

Glanders  211— bacillus  of  212— chronic 
215— in  larynx  829— in  liver  1036— in 
lung  911 — in  man  214 — nature  of  lesion 
in  212. 

Glaucoma  1250. 

Glioma  {y'^ia.,  glue)  310,  344— of  brain 
310,  773- of  cord  727— retina  311. 


Glomeruli,  changes  in  nephritis  1087,  1093 

— ni  renal  atrophy  1109. 
Glomerulo-nephritis  1088. 
Glossitis  {y\u<7(Ta,  the  tongue)  932. 
Glosso-labio-laryngeal"  paralysis  724. 
Glossy  skin  (Paget)  691,  12.32. 
Glottis,  oedema  of  824— spasm  of  819— 
^  subglottic  inflammation  825. 
Glycogen  405— relations  to  glycosuria  228. 
Glycogenic  infiltration  405. 
Glycosuria,    in  diabetes  meUitus  226— 

modes  of  production  of  226— relation  of 

glycogen  to  228. 
Goitre,   colloid   404,    923— exophthalmic 

236— malignant  923— simple  922. 
GoU,  column  of,  in  spinal  cord  698. 
Gonococcus  159. 
Gonorrhoea  1132. 

Gonorrhoeal  arthritis  673— endometritis 
1148— ophthalmia  1246. 

Gout  225— and  Bright's  disease  1084— de- 
position of  lu-ates  in  225— kidneys  in  226 
— lithsemia  and  urataimia  in  225 — rheu- 
matic 674. 

Gouty  arthritis  674. 

Gowers,  column  of,  in  spinal  cord  699. 

Granulating  wound,  healing  of  130. 

Granulation  tissue,  nature  of  130— new 
vessels  in  134 — tumours  176. 

Granuloma  fungoides  1227. 

Granulomata  176. 

Grave's  disease  (exophthalmic  goitre)  236. 
Growth,  normal  259. 
Guinea-worm  444. 
Gum-boil  939. 

Gumma  180— absorption  of  182— brain  769 
-dura  mater  770— heart  539— intestine 
1003— kidney  1112— of  liver  1032,  1033- 
lung  911— mouth  933— pancreas  1050— 
pia  arachnoid  769— skin  1226— spleen 
609 — ulceration  of  181. 

Gummatous  ulcer  (skin)  1226. 


H 

Hsematemesis  97. 
Hcematidiosis  96. 
Haimatin  394. 
Hsematoblasts  455. 

HcBmatocele  {ktjXtj,  a  tumour)  97— extra 
peritoneal  1146— intra-jieritoneal  1145 — 
of  tunica  vaginalis  1197— pelvic  1145, 
1153. 

H»matoidin  82,  98,  394,  754. 
Hsematoma,  auricle  9^^,  1256— dura  mater 

791— peritoneum  1052 — uterus  1146. 
Hajmatometra  1147. 
Hoematoporphyrin  394. 
Haematosalpinx  1149. 
Hwmatozoa,  in  Texas  fever  417. 
Hasmatozoon  malaria}  415. 
Hasniaturia  97. 
Hajmin,  394,  395. 
Hoemoconia  455. 

Hemoglobin,  derivatives  of  393 — pigmenta- 
tion by  393. 

Htemoglobinaimia  460. 

Hremogloljinuria  457,  459,  460 — in  Texas 
fever  459 — paroxysmal  460. 
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Hsemoperieardium  97. 

Hremophilia  9,  96— inlierit<aiice  of  19. 

HiBmoptysis,  in  brown  induration  of  lung 
97,  S.")?— in  phthisis  901. 

Hremorrhage  94— aiqihyxia  813— bladder 
1125— brain  capillaries  752— brain  nutri- 
.  ent  arteries  750— by  diapedesis  70— 
causation  of  94— decidual  1174— disposal 
of  blood  in  97— from  embolism  89— in 
cerebral  sinus-tbrombosis  748 -intestine 
977— kidney  1078— memngeal791—nai-es 
814— organization  of  clot  98— pancreas 
1048— peritoneum  1053— pigmentation 
from  98,  394— placenta  1176 -pleural  sac 
917— pulmonary  860— pulmonary,  from 
injury  864— pulmonary  (gangrene)  8S1— 
pulmonarv  (phthisis)  901— skin  1207— 
stilling  of  "96— stomach  959,  963— uterine 
1144. 

Hfemorrhagic  diathesis  96. 
Hcemorrhagic  infarction  89— of  lung  860. 
Hemorrhagic  infiltration  97. 
Haemorrhoids  584 — vesical  1125. 
Hajmosiderin  394,  754. 
Hfemothorax  97. 

Hair,  atrophy  of  1208^greyness  of  1209. 
Haptophorus  group  150. 
Hare-lip  53. 

Healing  of  fractures  639— of  granulating 
wound  130— of  phthisis  899— of  pyelone- 
Ijhrosis  1103 — of  wounds  267. 

Health  7. 

Heart,  abscesses  in  510 — actinomycosis  of 
540 — amyloid  degeneration  of  502 — 
anem-ysm,  acute  491,  510 — aneurysm, 
chronic  492 — atrophy  of  495 — brown 
atrojihy  of  495— calcareous  infiltration 
of  muscle  501 — causation  of  malforma- 
tions of  476 — cavises  of  hypertrophy  of 
505 — coagula  in  485 — death  by  failure  of 
27 — dilatation  of  504 — duration  of  life  in 
malformations  of  484 — ectopia,  53,  474 
— effects  of  aneurysms  on  -566 — fatty 
degeneration  of  492,  498 — fatty  infiltra- 
tion of  496 — fibi'ous  transformation  of 
491 — forms  of  hypertrophy  of  504 — 
gumma  of  539 — hyaline  degeneration  of 
502 — hypertrophy  and  dilatation  of  504, 
530 — hypertrophy  (from  overstrain)  504 
— hypertrophy  (idiopathic)  504 — infarc- 
tion of  491 — inflammations  of  .509 — in 
Hodgkin's  disease  540 — irritable  505 — 
malformations  of  474 — mucous  degenera- 
tion 502 — parasites  of  541 — post-mortem 
rupture  503— rupture  of  491,  510— spon- 
taneous ruptiu-e  of  502— syphilis  of  5.39 
thrombi  in  485— transposition  of  61, 
480— tuberculosis  of  537 — tumoiu-s  of 
540— valvular  disease  of  532— wounds  of 
.502. 

Heat,  discharge  of  245. 

Heat-production,  by  secreting  glands  244 
—in  muscular  contraction  244— in  ner- 
vous system  244— normal  243. 

Heat-regulation,  limits  of  power  of  245— 
centre  for  245. 

Hemianasarca  105. 

Hemiatrophy,  facial  44,  382— of  body  382 
— of  tongiie928. 


Hemicrania,  vascular  conditions  in  67.  _ 
Hepatic  artery,  embolism  and  thrombosis 
1018. 

Hepatic  vein,  embolism  1018. 
Hepatitis,  chronic  interstitial  1028— sup- 
purative 1026. 
Hepatization,  grey,  of  lung  870— red,  ot 

lung  868.  r,^o 

Hereditary  ataxia,  Friedreich  s  71b. 

Hereditary  disease  16. 

Hereditary  syphilis  16,  103. 

Heredity,  set!  Inheritance. 

Hermaphroditism  1134. 

Hernia  977— causation  of  977— cerebri  48 
—congenital  978— contents  of  980— 
diaphragmatic  979— external  and  in- 
ternal 979— false  978— forms  of  978— 
irreducible  980— large  intestine  in  980- 
of  umbilical  cord  55— ovarian  981— retro- 
peritoneal 979— sac  of  978— strangula- 
tion and  incarceration  371,  981— testis 
1193,  1195— vesica;  1142. 

Herpes  1231. 

Heterotopia  of  brain  738. 

Hip  joint,  senile  disease  of  678. 

Hob-nail  liver  1030. 

Hodgkin's  disease  219,  473— and  amyloid 
degeneration  221— heart  in  540 -kidney 
in  220— liver  in  220—  relation  to  lympho- 
sarcoma 221 — spleen  in  220. 

Horn  263,  314,  1235. 

Horse-shoe  kidney  1072. 

Hospital  gangrene  1224. 

Hyalin  404. 

Hvaline  degeneration  404— muscle  377, 
378— of  lymphatic  glands  592. 

Hyaline  thrombosis  of  capillaries  82. 

Hydatids  (vBaris,  a  drop  of  water)  422, 
430 — bone  667 — brood-capsules  431 — de- 
velopment of  430 — exogenous  431 — liver 
1042. 

Hydatid  mole,  291,  1174. 

Hydrajmia  103,  459,  461. 

Hydrsemio  plethora  103,  458. 

Hydrencephalocele  48. 

Hydrocele  {iiSap,  water,  and  Krj\T],  a 
tumour)  1197 — congenital  1198 — con- 
genital of  neck  53 — encysted  1198. 

Hydrocephalus  (ilSwp,  water,  and  Ke(pa\7i, 
the  head)  100,  782 — acquired  782 — acutus 
797 — chronic  784— congenital  784 — ex- 
ternal 782 — from  tumour-pressure  773 — 
internal  782. 

Hytlrometra  (l^WP"-,  the  womb)  1147. 

Hydromyelia  (/uueXos,  marrow)  785,  787. 

Hydronephroma  1118. 

Hydronephrosis  {vecppos,  the  kidney)  1079 
—  in  tuberculosis  of  kidney  1113. 

Hydropericardium  100. 

Hydrophobia  [tjiop^oi,  I  fear)  761. 

Hydrops  articuli  676. 

Hydrops  omenti  1053. 

Hydrops  vesicce  felleas  1046. 

H^-drorrhachis  (pdxis,  the  back)  787 — in- 
terna 785. 

Hydrosalpinx  1149. 

Hydrothorax  100,  917— chylous  101,  917. 
Hygromas  589. 


1274 


INDEX. 


Hypalbuminosis,  459. 

Hyperremia  hwep,  over,  and  aT/ia,  blood) 
arterial  66— atonic  66— collateral  66— 
general455-liypostatic69-in  inflamma- 
tion 113— venous  or  passive  69— a  cause 
of  dropsy  102.  (For  Hyperajmia  of 
special  organs,  see  the  respective  head- 
ings. ) 

Hypermetropia  1255. 

Hyperostosis  (ouriov,  bone)  298  634— 
general  634. 

Hyperplasia  (TrXdtris,  a  moulding)  258. 

Hypertrophy  (rp^^iw,  I  nourish)  258— com- 
pensatory 259— congenital  259— from 
direct  stimulation  261— from  increased 
blood  supply  260— from  pressure  or  fric- 
tion 262— general,  of  body  33— local  34. 
Kibbert's  views  on  261.  (For  Hyper- 
trophy of  special  organs,  sec  the  respec- 
tive headings.) 

Hypophysis  cerebri  805. 

Hypoplasia  380. 

Hyposarca  100. 

Hypostasis  [v<p'i.<TTaij.aL,  I  stand  under)  69, 
8-59. 

Hypostatic  engorgement  of  Jung  858. 
Hypoxanthine,  in  leukemic  blood  469. 


Ichthyosis  (I'x^i^s,  a  fish)  1234— inheritance 
and  19 — linguae  932. 

Icterus  (I'/crepos,  jaundice) 395,  1022— in  can- 
cer of  liver  1041 — in  intestinal  catarrh 
989— in  obstruction  of  bile  ducts  1045  — 
neonatorum  396,  1022. 

Idiocy,  defect  of  brain  739. 

Idiojjathic,  term  explained  14. 

Immunity,  acquired  145— active  146— anti- 
toxines  and  146— artificial  145,  146— 
cellular  activity  and  148 — duration  of 
induced  and  acquired  152 — inheritance 
and  152 — natural  145— passive  146 — 
phagocytosis  and  148 — to  anthrax  170 — 
to  diphtheria  820 — to  tetanus  764 — 
theories  of  148 — vaccination  and  146. 

Imperforate  anus  974. 

Inclusio  foetalis  39,  41. 

"  Indifferent  "  cells  257. 

Induration,  brown  73 — cyanotic  72 — fib- 
rous of  spleen  601 — iron-grey,  of  lung 
878. 

Infantile  paralysis  719 — post-mortem  ap- 
pearances in  719 — trophic  changes  720 — 
in  adults  721. 
Infarction  (infarcio,  I  cram  in),  disposal  of 
89— hemorrhagic,  of 
491— kidney  1077— 
1176— spleen  602— 


91 — hemorrhagic 
lung  860 — heart 
placenta  (white) 
white  90. 

Infection  142,  222— local  143— of  blood  144 

— septic  153. 
Infectious  diseases  142. 
Infective  agents  11. 
Infective  diseases  12,  142,  153. 
Infective  embolism  93 — endocarditis  520. 
Infective  inflammation  140. 
Infective  tumours  176. 


^"^in'^V""'  albuminous  383— calcareous 
406-fatty  390--glyoogenic  40.5-puru- 
lent  12/,  154.  (For  various  Infiltrations 
in  special  organs,  see  the  respective  head- 
ings.) 

Inflammation  10,  107— adiiesion  of  sur- 
faces in  138— bone-formation  following 
135— cicatrization  after  134— cloudy  " 
swelling  in  129— definition  of  10— emi- 
gration of  leucocytes  in  121— etiologv 
107— exudation  in  118— fever  in  117— 
foreign  bodies  and  136— formation  of 
cartilage  following  135 -formation  of 
epithelium  following  135— hypertrophy 
in  neighbourhood  of  261— individual 
peculiarities  and  110— induration  in  139 
—infective  140— interstitial  140— issues 
of  138— mucous  membranes  in  136— 
mucous  polypi  in  chronic  136— necrosis 
following  139— nervous  system  and  109 
—new-formation  of  tissue  in  129— paren- 
chymatous 129,  140— parenchymatous 
changes  in  128— pavementing  of  veins  in 
114— phenomena  of  acute  110— pheno- 
mena of,  in  web  of  frog  111— phlegmon- 
ous 140— purulent  infiltration  in  126— 
resolution  after  138— serous  membranes 
in  136 — stasis  in  115— suppuration  in 
126— suppurative  140— systemic  changes 
resulting  from  139— temperature  in  116 
—terminology  of  139— tissue-changes 
in  128 — ulcerative  140— vessels  in  113. 
(For  Inflammation  of  special  organs,  sec 
the  respective  headings.) 

Inflammatory  new-formations  136. 

Inflammatory  cedema  118. 

Influenza,  bacillus  of  168. 

Infractions  622. 

Inheritance  and  causation  of  disease  16 — 
constitution,  the  result  of  22 — and  immun- 
ity 152 — and  malformations  33,  42 — and 
tumours  273 — family  peculiarities  and 
22 — general  principles  of  17 — ichthyosis 
and  19— individual  characters  and  17 — 
of  abnormalities  18 — of  Daltonism  20 — 
of  diabetes  msipidus  20— of  hemophilia 
19 — race,  the  result  of  17 — of  syphihs  183 
— theories  of  23 — of  tuberculosis  191. 

Injuries  and  tumour  causation  274 — repair 
of  266. 

Injury,  relation  of,  to  tuberculosis  of  bone 
648. 

Insane,  general  paralysis  of  716,  760. 
Insane  ear  1256. 

Insects,  parasitic  418 — larvie  of,  in  tissues 
449,  1244. 

InsufBation  pneumonia  877. 

Insular  sclerosis  758. 

Interstitial  inflammation  140. 

Intestinal  concretions  1004. 

Intestine,  actinomycosis  of  999 — amyloid 
degeneration  of  1003 — anthrax  171,  999 
— atrophy  of  988 — atrophy  of  mucous 
membrane  1003 — cancer  of  1005 — catarrh 
of  987 — catarrhal  ulcers  in  987 — colloid 
cancer  1006 — concretions  in  1001 — cylin- 
der-celled epithelioma  of  1095— cyst  (en- 
terocystoma)  of  975,  988— embolism  of 
mesenteric  arteries  976 — epithelioma  of 
1005 — fiilse  diverticula  of  976 — fermen- 
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tation  iu  223— foreign  bodies  in  1004— 
gall-stones  in  1004— gangrene  of  1003— 
hemorrhage  from  977— hypertrophy  of 
988— in  cholera  992— in  dysentery  990— 
in  leulcKjniia  472— in  typhoid  fever  996— 
inflammation  of  987— intussusception  or 
invagination  984— lymphoma  of  1006— 
lympho-sarcoma  1008— malformations  of 
973— Meckel's  diverticulum  974— meta- 
static calcification  of  406— mucous  polypi 
988,  1006— mycosis  of  999— myoma  of 
302,  1006  -  necrosis  of  1003— obstruction 
of  1005,  1008— obstruction  by  gall-stoues 
1044— parasites  of  1004— perforation  of 
in  typhoid  fever  998 -polypi,  mucous 
988— polypi,  submucous  1006 — post- 
mortem changes  in  973— prolapse  of  986 
—sarcoma  of  1006 — simple  tumours  of 
1006 — specific  inflammations  of  990 — 
stagnation  of  contents  973— syphilis  of 
1003— tuberculosis  of  lOOO— tumours  of 
1005-t\visting  of  983— ulcer  of  976— 
ulcer,  catarrlial  987 — tvphoid  ulcers  of 
998— ulcer,  tubercular  of  1001. 
Intoxication  11,  222. 

Intussusception    of  intestine  984 — ante 

mortem  in  children  985. 
Inversio,  vesioaj  55. 
Inversion,  uterine  1142. 
Irido-choroiditis  1249. 
Iris,  affections  of  1249— sarcoma  of  1255. 
Ischremia  (i'crxw,  restrain,  ai/ua,  blood)  73 

— phenomena  and  results  of  74. 
Ischiopagus  twins  38. 
Isthmus  aortse  476— stenosis  of  479. 
Ivory  exostosis  297,  661. 

J 

J aniceps  37. 

Jaundice  {see  Icterus). 

Jaw,  actinomycosis  of  in  cattle  217 — mye- 
loid sarcoma  936 — cysts  of  663,  940 — 
cancers  of  664,  940 — in  rickets  623. 

Joints,  affections  of  in  locomotor  ataxia 
716 — anchylosis  of  671 — Charcot's  dis- 
ease of  679 — congenital  dislocations  668 
— false  644 — inflammation  of  672 — loose 
bodies  in  682 — syphilis  679 — traumatic 
dislocations  669 — tuberculosis  of  679. 


K 

Kak-ke  (Beri-beri)  693. 

Karyokinesis  (Kapvov,  a  nucleus,  Kivqais, 
movement)  2.55. 

Karyomitosis  (/cipuoc,  nucleus,  ixltos,  a 
thread  or  fibre)  255. 

Keloid  (/o)Xis,  a  spot)  Addison's  1233— true 
1237— false  1237. 

Keratitis  (fcepas,  horn)  interstitial  1248. 

Keratoconus  1247. 

Keratosis  of  tongue  932. 

Kidney,  abscesses,  metastatic  in  1099— 
active  hyperiemia  1076— adenoma  1116— 
amyloid  degeneration  of  11U.5— atrophy 
1108— atrophy,  senile  1110— calculi  in 
1110— cancer  (primary)  1120— cirrhosis 
ot  1091— cloudy  swelling  1110— colloid 


cysts  in  404— compensatory  hypertrophy 
1078— concretions  in  1110— congenital 
malformations   1071— contracted  fatty 

1090  cyanotic  induration  1076— cystic 
transformation  of  1114— cysts  1114— 
echinococcus  in  1171— embolism  1077 — 
fatty  degeneration  1110— fibroma  1114— 
filar'ia  sanguinis  in  1121— floating  1075— 
function  of  1066— granular  contracted 

1091  —  hasmorrhage  1078  —  horse-shoe 
1072— in  Blight's  disease  1083— in  dia- 
betes 229— in  gout  226— in  Hodgkin's 
disease  220  — in  leukaemia  472 --in 
phthisis  pulmonalis  905— infarction  91, 
1077— inflammations  of  1083— inflamma- 
tions of  pelvis  1100— large  white  1090— 
leuksemic  tumours  in  1121- lipoma  1114 
—malformations  of  1071 — malignant 
lymphoma  1121 — malpositions  of  1073 — 
movable  1075 — myosarcoma  1119 — pas- 
sive hyperemia  1076 — parasites  1121 — 
pathological  variations  in  function  1067 
— sarcoma  (primary)  1119— structure 
1065— syphilis  1112— tuberculosis  of 
1112,  1114— tumours  1114  -tumours 
(secondary)  1121. 

Kidneys,  coalescence  of  937. 

Knee-jerk  705. 

Kraniopagus,  twins  38. 

Kyphosis  (KV(j)os,  bent  forwards)  657- 

L 

Lacteal  cysts  1191. 

Laminated  capsules  in  epithelioma  357. 

Landry's  paralysis  718. 

Lardaceous  degeneration  [see  Amyloid  de- 
generation) 397. 

Larvse  of  insects  in  tissues  449,  1244. 

Laryngismus  stridulus  819 — aneurysms  and 
819. 

Larynx  818 — acute  catarrh  823 — angioma 
830— cartilaginous  tumours  830 — chronic 
catarrh  824  —  condylomata  826  —  con- 
genital syphilis  826 — diplitheria  819 — 
epithelioma  830— fibroma  829 — foreign 
bodies  831 — glanders  829 — inflammation  s 
of  819— leprosy  829— lipoma  830— mal- 
formations 818 — mucous  polypus  830— 
m.yxoma  830 — papilloma  316,  829 — para- 
sites 831— sarcomas  830 — stenosis  825 — 
syphilis  826 — tuberculosis  826— tumours 
829. 

Late  rigidity  704. 

Legs,  supernumerary  35,  39 — defects  of 
58. 

Leiomyoma  (Xeios,  smooth,  /xOs,  muscle) 
300. 

Lens,  regeneration  of  265— affections  of 
1251. 

Leontiasis  ossea  299,  635. 

Lepra  (Xe7rp6s,   scaly),   205— anresthetica 

206,  209— tuberculosa  206,  208. 
Leprosy  205 — anajsthetic  209,  372 — bacillus 

of  205— contagion  in  205— skin  in  1231 

—tubercular  206,  208. 
Leptomeningitis  (XetttAs,   fine,  ixrjviy^,  a 

membrane)  757,  795— simple  acute  795 

— micro-organisms  of  795. 
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Leptothrix  {Opll  a  liair)  buccalis  938. 
Leptus  autumnalis  448. 

LeiicocjtesjXeuKd?,  white,  and /ciJros,  a  cein 
4.>1  — acidophil  452  —  basophil  4.54-: 
eosmophil  454-form8  of  453-granules 
m  45.4— 111  inflammation  121  123— in 
miliary  tubercle  192-large  nucleated 
4o3— mononuclear  132-oxyphil  452— 
polymorphonuclear    452  -  polymorpho- 

nudrtedm'""^*"'^  ''''  ^^^-^-^^1 
Leucocytosis  139,  461,  466-cachetic  466- 
intective466-inflammatory  466-patho- 
logical  466 -physiological  466  -  post- 
hcemorrhagic  466-terminal  467-toxic 

•IDO. 

Leucocythajmia  {see  leukcemia)  467 

Leucoma  of  tongue  932. 

Leucomaines  (AeD/c^s,  white)  223. 

Leucorayelitis  {/J.ve\6s,  marrow)  708 

Leucopenia  139,  467. 

Leucoplakia  932. 

Leucorrhoea  (p^w,  I  flow)  1148. 

Leukaemia  467— bone-marrow  in  470— 
causation  468— Charcot's  crystals  in 
blood  of  469— character  of  mm-bid 
changes  in  468— forms  of  468— intestinal 
follicles  in  472— kidney  in  472— liver  in 
471— lymphatic  469— lymphatic  glands 
in  471  — myelogenous  468— skin,  tumours 
of,  m  472— spleen  in  471,  604— tissue 
changes  in  470. 

Leukaemia,  pseudo-  473. 

Leyden's  crystals  469,  8.37. 

Lichen  ruber  1215— syphiliticus  1225. 

Lienculi  599. 

Limbs,  defect  of  all  57. 
Lip,  angioma  935— epithelioma  of  3.37,  936 
—glandular  tumour  of  935— hypertrophy 
of  935— primary  chancre  of  93.:i— warts 
of  935. 

Lipjeraia  (Xi'ttos,  fat,  al/na,  blood)  230— 
conversion  of  grape  sugar  into  fat  in  231 
diabetic  coma  and  232— in  diabetes  231 — 
source  of  fat  in  231. 

Lipoma  [XIttos,  fat)  287— bone  663— brain 
777— capsulare,  kidney  1114— capsulare, 
mamma  1183 — diffuse  288 — intestine 
1006 — kidney  1114 — meninges  (brain) 
802— multiple  288— parosteal  289— pen- 
dulous 288— seats  of  289— sessile  288— 
skin  1240. 

Lithfemia  {Xidos,  stone,  al/xa,  blood)  225. 
Lithopnedion  (Xi'^os,  stone,  7ra?s,  a  child) 
408,  1153. 

Liver  1011— abscess,  biliary  1027,  1046— 
abscess,  pya;mic  1027 — abscess,  tropical 
1026  —  actinomycosis  in  1036 — acute 
yellow  atrophy  1023 — adenoma  of  1036 
— alcoholism  (chronic)  1020 — amyloid 
degeneration  1020 — anatomy  of  1011 — 
atrophy  of  1018 — and  auto-intoxication 
224 — cancer  (cystic)  1040 — cancer  (dif- 
fuse) 1038— cancer  (primary)  1037— 
cancer  (scirrhous)  1038 — cancer  (second- 
ary) 1038,  1041— cancerous  infiltration 
1041 — cavernous  angioma  of  1036 — cirr- 
hosis of  1028 — compensatory  hypertrophy 
of  1025 — congenital  malformations  of 


1014— congenital  syphilis  in  lO.'M-cylin- 

?03r  nin  ^Pi'^f""'"^  1038-cysts  of 
iU3b,  1040— deciduoma  malignum  (meta- 
stases) 1041-deformity,  acquirS  of 
•  ir^~Y^  flegeneration  1019-fattv 
infiltration  391, 1019-flbro-neuromata  in 
J.U,*— gas-forming  bacillus  in  1013— and 
gastro-intestinal  auto-intoxication  224 
—glanders  in  1036— gummata  of  1032— 
Hoogkin  s  disease  220-hypera;mia,  pas- 

T?Ai?^~VP"*'°P'^y°^  102.5-hydatid 
of  1042— m  leukaemia  471,  1036- in  per- 
moious  anremia  461,  1022-infiltration, 
fatty  391,  1019~infiltration,  parenchy- 
i"?>oo°''-   1018-infiltration,  pigmentary 
1022— inflammations   of    1026— leprosy 
10o6 -malformations  of  1014— necrosis 
of  1018— nodular  hyperplasia  of  10.37— 
nutmeg  1015— parasites  of  1042— post- 
mortem changes  in  1013— red  atrophy 
lOlo— sarcoma    1041— suppurative  in- 
flammation 1026— syphilis  in  184,  1032 
transposition  of  1014 -tuberculosis  1034 
—tumours  of  1036. 
Locomotor  ataxia  (a,  priv.,  rati?,  order) 
712— and   syphilis    712— alteration  of 
function  in  714— changes  in  cord  712— 
general  paralysis  and  716— joints  in  716 
—trophic  lesions  in  715. 
Loose  bodies  in  joints  294,  682— in  peri- 
toneal cavity  289.  - 
Lordosis  {\op56s,  bent  supinely)  6.57. 
Lumbar  abscess  651. 

Lung,  abscess  of  873— actinomycosis  of  218 
911— anthracosis  of  908— aspergillus  in 
915— atelectasis  845— brown  induration 
of  73,  857— calcification  (metastatic)  of 
406— cancer  (primary)  of  912-carbon- 
aeeous    pigment    in  906— carnification 
846— cirrhosis     (simple)     878— "coal' 
miner's"  908— collapse  846— collapse  in 
broncho-pneumonia875— echinococcus  in 
915— emphysema  849— enchondroma  in 
913  —  engorgement    867  —  engorgement 
(hypostatic)  859— gangi-ene  873,  880— 
glanders  911— hepatization,  grey  870— 
hepatization,  red  868— hasmorrhagic  in- 
farction 860— hyperemia  (active)  856— 
hyperemia  (collateral)  856— hyperajmia 
(passive)  856— hypera^mia   (passive)  in 
mitral  stenosis  534— hypertrojjhy  of  848 
hypostatic  engorgement  858— induration, 
iron-grey  878— inflammations  of  864— 
involvement  of,  in  cancers,  913— involve- 
ment of,  in  lymphosarcomas  913— mal- 
formations of  845— metastatic  abscesses 
877 — oedema  of  857 — parasites  in  912 — 
purulent  infiltration  (after  pneumonia) 
873— sarcoma  in  913— splenization  858— 
"stone-mason's"  910— structure,  nor- 
mal of  843— syphilis  of  184,  911— tuber- 
culosis of  882— tuberculosis  (acute  mili- 
ary) 910 — tumours  912. 
Lupus  1226— mouth  933. 
Lj'inphadenitis  {liimpha,  water,  d5^v  a 

gland)  593— chronic  51'4.  ' 
Lymiihadenoma,  malignant  220. 
Lymplianseitis  {li/mp/in,  water  dyyetov, 
a  vessel)  587. 
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Lymphangiectasia  (ayyMV,  avessel,  iKTaais 

expansion)  310,  588. 
Lymphangioma  320- cavernous  310,  oaa— 
plexiform  310. 

Lymphangioma  cavernosum,  moutu  J6-^. 

Lymphatic  glands  590— amyloid  disease  ot 
592— and  svphihs  178— bronchial,  m 
phthisis  pulinonalis  898— cancer  m  mi 
caseation  in  594— chondroma  m  59b— 
colloid  degeneration  of  592— gummata 
in  594— hyaline  degeneration  of  532— in 
leuktemia  471— inflammation  (acute)  o93 
—inflammation  (septic)  591— inflamma- 
tion (simple)  591— inflammation  (chronic) 
592— mesenteric,  in  typhoid  fever  999— 
myxoma  ot  596— pigmentation  of  592— 
relations  to  cancers  352— sarcoma  of  596 
-structure  of  590— syphilis  of  596— 
tuberculosis  (scrofula)  of  594— tumours 
of  313,  596. 

Lymphatic  system,  diseases  of  587. 

Lymphatic  vessels,  inflammation  of  587 — 
obstruction  of  101,  588— tuberculosis  of 
588— tumours  of  589. 

Lymjihocy  te  453— in  leukfemia  469. 

Lymphocytosis  467. 

Lymphoid  tubercle  194. 

Lymphoma  313— intestine  1006— malig- 
nant 220. 

Lympho-sarcoma  220,  221,  337,  596-intes- 

tine  1008— lung  913— peritoneum  1059. 
Lymph-scrotum  102,  1201. 
Lymph-scrotum  (filaria  and)  446,  589. 
Lysins  151. 
Lysis  in  fever  250. 


M 

Macrocheilia  [fiuKpos,  large,     '^o^,  the  lip) 

310,  935. 
Macrocyte  451,  463. 

Macroglossia  (fta/cpds,  large,  yXwacra,  the 
tougue)  310,  589,  935. 

Macrophags  148. 

Madura-foot  218. 

Majendie,  foramen  of  781. 

Malaria,  anremia  in  459,  461 — destruction 
of  corpuscles  in  461 — htematozoon  of  415 
— hsemoglobinuria  in  459,  461 — racial 
susceptibilities  and  21 — spleen  in  601. 

Malformations  15,  30 — aberrant  61 — and 
shocks  33— by  defect  31,  32,  43— by  ex- 
cess 31,  32,  33- causation  of  32,  34,  44— 
general  31 — inheritance  and  33 — ^^sudden 
frights  and  33.  (For  Malformations  of 
special  organs,  see  the  respective  head- 
ings.) 

Mahgnancy,  local  275— occasional,  of  typi- 
cal tumouis  275. 

Malignant  endocarditis  520. 

Malignant  redema  1224— bacillus  of  173. 

Malignant  pustule  (see  Anthrax)  169,  171, 
122-1. 

Mallein  212. 

Malta  fever  169— local  lesions  of  169— 
micrococcus  of  169. 

Mamma  1179  —  abscess  1181  —  adeno- 
flbroma  1184— adenoma  1183— cancer 
of  1187— cancer,  colloid  1190— cancer 


duct  1187— cancer,  soft  or  acute  1190— 
chondroma  1183— cysts  1191— fibroma 
1184— gumma  in  1183— hypertrophy  1181 
— inflammation  1180— lipoma  1183 — 
malformations  of  1179— myoma  1183— 
myxoma  1185— parasites  1191— sarcoma 
1185  —  scirrhus  1188— scirrhus  (acute) 
1190— supernumerary  43,  1179— syphilis, 
of  1182  —  tuberculosis  1181  — tumours 
1182. 

Margarine  389. 

Mast  cells  133,  454. 

Mastitis  1180. 

Measles  164 — skin  lesions  in  164. 
Measles,  German  164. 

Meckel's  diverticulum  974— volvulus  pro- 
duced by  983. 
Medulla  oblongata  685,  699. 
Megaloblast  463. 
Megalocytes  451,  463. 

Malansemia  {fxeXas,  black,  alfia,  blood)  232,. 

395 — appearances  of  organs  in  233. 
Melanoid  cancer  367 — sarcoma  341. 
Melanosis,  pseudo-  395. 
Membrane,  pyogenic  127,  154. 
Membranes  of  brain  and  cord,  anatomy  of" 

780. 

Meniere's  disease  1263. 

Meningeal  haemorrhage  791 — infantile  794. 

Meninges  780  —  chondroma  802  —  cysti- 
cerous  804 — dermoid  cysts  803 — echino- 
coccus  803 — fibroma  802— hoemorrhage 
into  791— lipoma  802— oedema  of  781 — 
osteoma  803— psammoma  802 — sarcoma 
803— syphilis  of  769— tumours  of  801. 

Meningitis  (filivLy^,  a  membrane)  794 — 
basal  797 — epidemic  cerebro-spinal  796- 
— gummatous  771 — simple  chronic  796 — 
sinus  thrombosis  in  relation  to  747 — 
tubercular  797 — tubercular  and  hydro- 
cephalus 783. 

Meningocele  49,  52,  789. 

Meningomyelocele  789,  790. 

Menorrhagia  1144. 

Mercurial  stomatitis  931. 

Mesenteric  arteries,  embolism  of  90,  976. 

Metaplasia  ((UerdTrXacris,  transformation)- 
258,  615. 

Metastasis  {ixedi(XTT)fMi,  I  change  place)  140- 

— of  tumours  275. 
Meteorism  1010 — in  peritonitis  1055. 
Metritis  (Mrpa.,  the  womb)  1148— chronic-. 

1148. 
Miasma  13. 

Miasmatic  diseases  13. 
Micrencephalus  737. 
Microbes  143,  158. 

Microbes  and  tumour  formation  274. 
Microblast  463. 
Microbracliius  44. 

Microcepbalus  (/xtKpds,  small,  KecpoK-r],  the 

head)  44,  616,  737. 
Micrococci  {fJ-iKpos,  small,  k6kkos,  a  kernel)i- 

in  ulcerative  endocarditis  520. 
Micrococcus  gonorrhosre  159. 
Micrococcus  melitensis  169. 
Micrococcus  tetragenus  160. 
Miorocytes  451,  463. 
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Micromelia  chondromalacioa  026 — relation 

of  cretinism  to  G2(;. 
Micromelus  44. 
Microphags  148. 
Mictopus  44. 
Microsporon  furfur  1243. 
Middle  brain  730. 
Miescher's  tubes,  413. 
Miliaria  1212. 
Miliary  aneurysms  751-. 
Miliary  tubercle  the  192. 
Milium  1216. 

*'  Millj-spots  "  in  pericarditis  530. 
Mitral  stenosis  533— results  of  533. 
Mitral  valve,  funnel-shaped  deformity  of 

533 — incompetency  of  532 — obstruction 

of  533. 

Mole  314— fleshy  1174— hydatid  {vdarLs, 
a  drop  of  water)  291,  1174 — pigmented 
1235 — sanguineous  1174. 

Mollities  ossium  628. 

Molluscum  contagiosum  413,  1237. 

Monobrachius  58. 

Mononuclear  cells  132. 

Monophthalmia  49. 

Monopus  58. 

Monsters,  double  31 — triple  42. 
Monstrosities,  aberrant  61 — by  defect  43 — 

by  excess  34  — parasitic  39,  41. 
Morbus  cieruleus  484. 
Morbus  coxae  senilis  678. 
Morphcea  1233. 
Mortality  24. 
Mortification  370. 

Mouth,  catarrh  of  929— condylomata  in 
933— gummata  933— inilammations  of 
929 — inflammation,  special  forms  of  930 
—malformations  of  928— syphilis  in  932 
— tuberculosis  933 — tumours  of  935. 

Mucin,  properties  of  402— reactions  of  290, 
402. 

Mucous  cancer  367. 
Mucous  cysts  322. 

Mucous  degeneration  402 — in  cancers  355. 

Mucous  polypus  136,  287  (sec  under  Poly- 
pus)— nares  817 — larynx  830. 

Mucous  tissue  290  —seats  of  291. 

Multinuclear  cells,  133. 

Mummification  375. 

Mumps  165— metatases  in  166. 

Muscle,  regeneration  of  266— waxy  degen- 
eration of  377— reflex  705. 

Muscles,  atrophy  of,  in  locomotor  ataxia 
716 — condition  of,  after  nerve  division 
691— condition  of,  in  progressive  mus- 
cular atrophy  722— multiplication  of  42 
— wasting  in  neuritis  693. 

Muscular  atrophy— idiopathic  727— pero- 
neal type  of  727. 

Mycetoma  218— and  chronic  pyeemia  219. 

Mycosis,  intestine  999. 

Blycosis  fungoides  1227. 

Myelitis  {/J-veXis,  marrow)  chronic  trans- 
verse 709— systematic  711 — transverse 
708. 

Myelocystocele  52,  789. 
Myelocytes  454,  611. 
Myeloid  sarcoma  340. 
Myelomeningocele  52. 


Myocarditi  s  (AtOs,  a  muscle)  509 -interstitial 

491,510— parenchymatous509— purulent 
o09— syphilitic  510. 

Myoma  (mOs,  a  muscle)  299— strio-cellulare 
299— lajvi-cellulare  300— seats  of  301— 
secondary  changes  in  304— of  uterus  301, 
1156— of  veins  586— telangiectodes  1157 
— lymphangieotodes  1157— intestine  303. 

Myomalacia  cordis  491. 

Myopia  1255. 

Myosarcoma  333 — kidney  1119. 

Myxcedema  {Ati^s<^,  mucus,  oiorjixa,  a  swell- 
ing) 233,  404— changes  in  233,  234— pitui- 
tary body  in  234 — relation  of  thyroid 
gland  234. 

Myxo-glioma  (brain)  774. 

Myxoma  (i^'J^a,  mucus)  290 — in  bone  663 — 
brain  292,  777— larynx  830 — lymphatic- 
glands  596 — nares  818 — seats  of  291. 

Myxosarcoma  293,  333. 

N 

Nsevus  307 — pigmentosus  1235 — vascularis 
1236 — venous  or  varicose  308. 

Nails,  atrophy  of  1209. 

Nares  814 — cancers  818 — catarrh,  acute  814 
— catarrh,  chronic  816 — congenital  mal- 
formations 814— cysts  818— fibroma  818 
— foreign  bodies  818 — hemorrhage  from 
814 — mucous  polypus  817 — myxoma  818 
— papilloma  817 — sarcomas  818— s3-philis 
816— tuberculosis  816 — tumours  817. 

Naso-pharyngeal  polypi  661. 

Neck,  congenital  fistula  of  53,  818— cysts 
in  53 — dermoid  cysts  of  53. 

Necrosis  (veKpos,  a  dead  body)  139,  370— 
caseous  194,  378, 889— causes  370— coagu- 
lation 377— fat  379— forms  of  372— from 
embolism  90 — from  passive  hyperfemia 
73— molecular  379— results  of  379.  (For 
necrosis  in  special  organs,  see  the  re- 
spective headings. ) 

Negrism  393. 

Negroes,  susceptibility  to  disease  21. 
Nematoda  (vrj/xa,  a  thread,  ddoi,  likeness) 
436. 

Nephritis  (vecppis,  the  kidney)  1083— acute 
1085— arteries  in  chronic  1093,  1096— 
causation  of  1083— cold,  influence  of,  in 
producing  1084— cysts  in  chronic  1092— 
dropsy  in  103, 104, 1098— forms  of  108o- 
functional  changes  in  1095— glomeruli 
in  acute  1087— glomeruli  in  chronic  1093 
—interstitial  1091— oedema  in  103,  104, 
X098— parenchymatous  (tubular)  lOSo— 
pregnancy  and  1085— relation  of  gout  to 
1084— scarlatinal  lOSS— septic  1089— 
—suppurative  1102— tube-casts  in  1086, 
1092— tube-casts,  origin  of  in  10^4— 
tubular  hasmorrhages  in  acute  108b— 
tubules  in  acute  1086— tubules  in 
chronic  1092.  . 

Nerve  cells,  degenerative  changes  m  /bO. 

Nerve  fibres,  regeneration  of  266. 

Nerve,  sympathetic,  injury  or  disease  ot 

Nen-es,  peripheral  687-afIections  of  in 
locomotor  ataxia  713-cancer  ot  bJo— 
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degeneration  of  689,  690-inflammations 
(acute  and  clironic)  affecting  694-in- 
jury  and  division  of  689-pres8nre  on 
by  aneurysm  567— regeneration  ot  6Ji- 
sarcuma  of  695— structure  of  bW— 
syphilis  of  1231— tumours  of  69o. 

Nervous  system,  diseases  of  683— general 
plan  of  683— influence  of  in  inflamma- 
tion 109— pyrexia  from  lesious  of  l4/. 

Neuralgia,  vascular.  -conditions  in  6/,  li. 

Neuritis  (vevpov,  a  nerve)  692— alcoholic 
693— by  continuity  694— in  acute  speciflc 
fevers  693— in  lead  and  arsenical  poison- 
ing 693— leprous  695— local  694— multi- 
ple 692— syphilitic  695— toxic  692. 

Neurofibroma  287. 

Neuroglia  (vevpov,  a  nerve,  7X(a,  glue)  310. 

Neuroma  304, 695 -amputation  305— amye- 
lanic  307— false  287— ganglionic  305,  920 
—multiple  305, 695— myelenic305— plexi- 
form  305,  695— traumatic  305— true  305. 
'  .Neutrophil  granules  452. 

Neutrophil  leucocytes  452. 

New-formation  of  epithelium  264— of  tissue 
265— of  tissue  in  inflammation  129. 

New-formations,  classification  of  258 — 
genesis  of  257— specific  176. 

Nipple,  eczema  of  1187— Paget's  disease  of 
414,  1187. 

Noma  {vep.(>),  I  devour)  931. 

Normoblasts  463. 

Nucleus  256— chromatic  substance  in  256 

—mode  of  division  of  256. 
Nutmeg  liver,  1015. 


O 

Obesity  390. 

Obstruction,  aortic  orifice  .536— bile-ducts 
1045— coronary  arteries  490— intestine 
1005,  1008— ductus  choledochus  1046- 
mitral  orifice  533— oesophagus  946,  948 
— OS  uteri  1147 — pancreatic  duct  1050 — 
ureters  1080 — urethra  1079— vagina  1146 
—veins  70,  581. 

Occupations  causing  disease  14. 

Odontoma  (ddoijs,  a  tooth)  296,  940. 

OEdema  (oiSTiixa,  a  swelling)  72,  99— brain 
741 — causation  100 — fibrinous  121— from 
passive  hyperfemia  72, 102 — glottidis  824 
— in  Bright's  disease  1098 — inflammatory 
118 — lung  857 — malignant  1224 — nervous 
influences  and  105— of  acute  Bright's 
disease  103— of  cerebral  membranes  781 
— optic  nerve  1252— skin,  local  1206  — 
transudation  in  105 — some  varieties  of 
103. 

(Esophagitis  dissecans  superfioialis  947. 

(Esophagus  944— cancer  of  948— dilatation 
of  944— diverticulum  of  945— inflamma- 
tions of  946— myoma  of  302,  948— ob- 
struction of  946,  948— perforating  ulcer 
of  947— perforation  of  945,  947— rupture 
of  947— tumours  of  948. 

Oidium  albicans  929. 

Oligemia  (6\Lyos,  scanty,  al/xa,  blood)  4.59, 
461. 

Oligocythajmia  (6\Lyoi,  scanty,  kvt6s,  cell, 
aim,  blood)  459,  461. 


Omentum,  ga-eat  10.51— in  tubercular  peri- 
tonitis 1057— in  abdominal  cancer  lObA. 
Omphalosites  38,  47. 

Oophoritis  (iho<pbpo^,  egg-bearing)  1150— 

acute  1150— chronic  1150. 
Ophthalmia  {o(pda\fi6s,  the  eye)  gonorrhoeal 

1 246— neonatorum      1246— neuropathic 

1248— purulent  1246. 
Ophthalmitis,  sympathetic  1254. 
Optic  nerve,  atrophy  of  1253— oedema  and 

inflammation  of  1252. 
Optic  neuritis  1252. 

Orchitis  ((5pX's.  the  testicle)  1193— chronic  ' 
1193. 

Os  uteri,  cancer  of  1160— obstruction  of 
1147. 

Ossification  613— in  hydatid  cyst  409— in 
middle  coat  of  arteries  409,  557— in 
rickets  618— following  calcareous  infil- 
tration 409. 

Osteitis  (ocTTeov,  a  bone)  deformans  634. 

Osteoarthropathy,  hypertrophic  pulmonary 
240,  635. 

Osteoblasts  (iSXaoroj,  a  sprout)  613. 
Osteoclasts  (/cXaoros,  broken  in  pieces)  614, 
637. 

Osteoid  chondroma  343,  661. 
Osteoid  sarcoma  343. 

Osteoma  296,  661— of  brain  777— con- 
nected with  membranes  of  brain  803 — 
dental  296. 

Osteomalacia  628 — carcinomatosa  628. 

Osteomyelitis,  malignant  631. 

Osteophytes  682. 

Osteoporosis  634. 

Ostitis  630— acute  infective  631 — acute 
traumatic  630 — chronic  632 — epiphyseal 
631- formative  633— post-febrile  632— 
pseudo-rheumatic  631— rarefying  633. 

Othematoma  {6vs,  an  ear,  al^a,  blood) 
12.56. 

Otitis  media  (6us,  an  ear)  and  cerebral 
abscess  7-57,  1262. 

Otorrhoea  1260. 

Ovarian  pregnancy  1152. 

Ovary,  anatomical  relations  1164 — cancers 
of  1061,  1172— chondroma  1073— colloid 
cystoma  116.5 — cysts,  dermoid  1171 — 
cysts,  papillomatous  318,  1169 — cysts, 
simple  1150, 1165 — fibroma  1173 — hernia 
of  981 — inflammation  of  1150 — myoma 
1073— sarcoma  of  1172 — tuberculosis  of 
11.55. 

Ox3'phil  granules  452. 

Oxyuris  (of  i^s,  sharp ;  ovpA,  the  tail)  ver- 

micularis  (threadworm)  441. 
Ozoena  (Sfw,  I  smell)  816 — syphilitic  816. 


P 

Pacchionian  bodies  318,  803. 
Pachydermia  210. 

Pachymeningitis  (Traxi'S,  thick,  M^ftyf, 
a  membrane)  794  —  chronica  luemor- 
rhagica  761 — hEsmorrhagioa  792— septic 
756. 

Paget's  disease  (of  nipple)  414, 1187. 
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Painful  subcutaneous  tubercle  302 
i'ancreas  1047— abscess  1048  -atrophy  1049 
r^TT,,  lO-'^.O.  1061-clou(ly  swelling 
1049-fatty  infiltration  lU49-gumm! 
i^f°~'''*'?2°"'hagesl048-inflaminations 
imn  "S"^!?''""*'""'  of  1048-necrosis 
iU49— relation  to  diabetes  mellitus  227 
—tuberculosis  1050. 
Pancreatic  duct  (Wirsung's)  1050-concre- 

and  dilata- 
tion 1050. 

Pannus  1246,  1247. 

Papilloma  313— larynx  829-nares  817. 
Papule  (skin)  1212. 
Paralbumin  403. 

Paralysis,  acute  ascending  718  — bulbar 
724 -general,  of  insane  716,  760— infan- 
tile 719— pseud  o-bulbar  725— pseudo- 
hypertrophic 726— spastic  717. 

Parametritis  {irapd,  beside,  /J.-^rpa,  the 
womb)  1151. 

Parasite,  fcetal  .35,  39,  41. 

Parasites,  acephalic  38,  39— and  tumour 
causation  274— animal  410— protozoon 
410.  (For  Parasites  in  special  organs, 
see  the  respective  headings.) 

Parasitic  cysts  325. 

Parasitic  diseases  of  skin  1242. 

Parasitic  protozoa  in  cancers  349. 

Parenchymatous  degeneration  383  —  in 
fever  252. 

Parenchymatous  inflammation  140,  383. 
Parosteal  lipoma  289. 
Parotitis,  contagious  165— metastases  in 
166. 

Parovarium  1164— cysts  of  1170. 
Paroxysmal  hsemoglobinuria  460. 
Pars  membranacea  (undefended  space)  475. 
Parulis   (irapa,,  beside,  od'Kov,  the  gum) 

(gumboil)  939. 
Passive  hypersemia  69  —  causation  69  — 

effects  of  72 — phenomena  of  70. 
Pathogenic    bacteria    {irdOos,  suffering, 

yevvdw,  I  give  rise  to)  143. 
Pathology,  definition  of  1,  5 — methods  of 

study  1 — experimental  1. 
"Pavementing  of  veins"  114. 
Pearl  tumour  359,  777. 
Pediculi  (lice)  449. 

Pelvis,  deformities  of  in  rickets  623 — in 
mollities  ossium  628. 

Pelvis  (kidney)  inflammations  of  1100 — in 
tuberculosis  of  kidney  1113 — malforma- 
tions 1071. 

Pemphigus  (Tre^^i^,  a  bubble)  1215  — 
neonatorum  1226— syphilitic  1226. 

Penis  1199- cancer  1200— syphilitic  affec- 
tions of  1199— tuberculosis  1200. 

Pentastoma  denticulatum  s.  ttenioides  448 
— in  liver  1043 — in  spleen  609. 

Perforating  ulcer,  of  foot  1211 — of  stomach 
9.58— of  oesophagus  947. 

Peribronchitis  {irepi,  around,  Ppiyx°^t 
windpipe),  purulent  892. 

Pericarditis  {Trepi,  around,  KapSia,  the 
heart)  525 — acute  525  —  adhesion  of 
surfaces  in  528 — chronic  530 — exudation 
in  .526  — "milk-spots"  in  530  —  sup- 
puration in  529— tubercular  538. 


Pericardium,  absence  of  474  — adherent 
52.),  5.30- calcareous  deposition  in  500— 
diverticulum  of  475— effects  of  adhesion 
on  lieart  530— malformations  of  474— 
septic  inflammations  of  529. 

Perichondritis  825. 

Perihepatitis  (Trepi,    around,    ^irap,  the 

liver)  1032. 
Perimetritis    (vrepi,    around,   M^rpa,  the 

womb)  1149. 
Periosteum,  transplantation  of  645. 
Periostitis  {Trepi,  around,  oareov,  bone), 

acute  630,  631. 
Periostosis  298,  634,  635. 
Periphlebitis  (Trepi,  around,  (p\4\j/,  a  vein) 

S5. 

Periproctitis  {Trepi,  around,  7rpco/cr6s,  the 

anus)  990. 
Perisplenitis  601. 

Peritoneum  {TrepLTovaiov,  the  stretched-out 
membrane)  10.51— ascites  1053- cancer, 
primary  1058— cancer,  secondary  1058,' 
1060— circulatory  disorders  of  1052— 
hajmatoma  of  1052,  1053— hemorrhage 
1053— inflammations  of  1054— lympha- 
tics of  1051— lympho-sarcoma  1059— 
malformatioDS  of  1052— septic  inflam- 
mations 1054— tuberculosis  of  10,56— 
tumours  of  1058. 

Peritonitis  1054— acute  septic  1 054— chronic 
1056— hemorrhagic  1052— pelvic  1149— 
tubercular  1056. 

Perityphlitis  {Trepi,  around,  rvtjiKbv,  the 
caicum)  989. 

"Perlsucht"  (German,  Perl,  a  pearl,  Sucht, 
sickness)  202. 

Pernicious  anaemia  460,  461. 

Pernio  (chilblain)  1220. 

Perobrachius  58. 

Peromelus  58. 

Peropus  58. 

Petechia;  97,  1207. 

Pfeiffer's  reaction  993. 

Phagocytes  {(payelv,  to  devour)  148. 

Phagocytosis  and  immunity  148. 

Pharyngitis,  granular  941. 

Pharynx,  diseases  of  940. 

Phlebectasis  {(p\e^,  a  vein,  ^A-racris,  exten- 
sion) 581. 

Phlebitis  579 — septic  (thrombo-phlebitis) 
580. 

Phleboliths  (^X^i^,  a  vein,  \idos,  a  stone) 
83,  582. 

Phlegmasia  alba  dolens  ((p\ey/j.a(Tia,  from 
4>'\ey/j,aivui,  I  inflame)  85,  1143. 

Phlegmonous  inflammation  140. 

Phloridzin-diabetes  228. 

Phocomehis  58. 

Phosphorus-necrosis  638. 

Phthisis,  laryngeal  826  — potter's  910  — 
renal  1112.' 

Phthisis  pulmonalis  {(pdivco,  I  waste)  882— 
ab  hiemoptoo  901 — amyloid  disease  in  904 
— anatomical  changes  in  885 — aneurysms 
in  cavities  in  902 — bronchiectasis  in  896 
—  caseous  885  —  causation  884  —  em- 
physema in  897  —  extension  of  898  — 
fever  in  904 — fibroid  893 — formation  of 
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cavities  in  891  general  effects  of  904 
— hsemorrhage  in  901— healing  of  899— 
history  of  pathology  883— kidneys  in 
905— pigmentation  in  897 — pleural  aifec- 
tions  in  902— pneumo-thorax  in  904 
— potter's  910— seat  of  lesion  in  apices 
884— sputum  in  898. 

Physical  forces  causing  disease  10. 

Physometra  (<pvcra,  a  blast  of  wind)  1147.  i 

Pia-arachnoid  780— gumma  of  769 — inflam- 
mation of  795. 

Pi  a  mater  780. 

Pian  (framboesia)  1228. 

Piarrhaemia  (Triap,  fat,  and  al/xa,  blood) 
230.    (See  Lipsemia.) 

Pigmentary  atrophy  397. 

Pigmentation  393 — and  Addison's  disease 
242,  393,  1209  — by  hajmoglobin  393 
— from  haemorrhage  394— from  syphilis 
1231 — in  chronic  inflammations  394 — in 
passive  bypersemia  394 — in  sarcomas  333 
— in  tumours  396 — of  lymphatic  glands 
592 — pathological  393 — post-mortem  395 
— in  tumours  396. 

Pigmented  cancers  1241 — sarcoma  341. 

Pineal  gland  804 — hyperplasia  of  803 — 
psammoma  of  804— teratoma  of  804 — 
tumours  of  804 

Pituitary  body  805 — and  acromegaly  238, 
807— in  cretinism  806 — in  myxoedema234, 
806— tumours  of  806. 

Pityriasis  rubra  1215. 

Pityriasis  versicolor  1243. 

Placenta,  diseases  of  1175 — abnormalities 
1176 — haemorrhage  1176 — inflammations 
1176  —  oedema  of  1176  —  periarteritis 
nodosa  and  infarction  1176 — retrograde 
changes  1176 — syphilis  of  1176 — tuber- 
culosis of  1176 — tumours  of  1176 — white 
infarction  1176. 

Placental  polypus  1144. 

Plague  168— bacillus  of  169— bubonic  168 
— pulmonary  169 — septicemic  169. 

Plasma  cell  133. 

Plasmodium  malarite  (see  Hfematozoon 
malarise)  415. 

Platycephalus  (irKaris,  flat)  616. 

Plethora  (irXrjdibpr],  fulness)  455,  457  — 
hydremic  458 — in  the  new-born  458. 

Pleura  (ttXeu/jci,  the  side),  affections  of  in 
phthisis  pulmonalis  902  —  and  acute 
pneumonia  873— haemorrhage  in  917— 
inflammations  of  917 — necrosis  of  in 
phthisis  903— petechia  916— relationship 
between  pHeumo-thorax  and  necrosis  of 
904— tuberculosis  of  919— tumours  of  926. 

Pleural  adhesions  (chronic  pleurisy)  919. 

Pleural  exudation,  chylous  101,  917. 

Pleurisy,  acute  917— chronic  919— in  acute 
broncho-pneumonia  876— in  phthisis  pul- 
monahs  903 -in  pneumonia  873— sup- 
P^^ative  (empyema)  918— tubercular  919, 

Plexiform  angioma  307. 
Plexiform  sarcoma  333,  343. 
Pneumoooccus  865— Friedlander  866. 
Pneumoconiosis  907. 

Pneumonia  (TrP€ijfj.uv,  the  lung)  2,  864— 
acute  lobar  865-baoiUus  of  865  — caseous 


883— catarrhal  874— chronic  873,  878— 
croupous  865— diphtheritic  877— diplo- 
coccus  865— embolic  877— epidemics  of 
867  —  haemorrhagic  868  —  hepatization 
(grey)  870  —  hepatization  (red)  868  — 
herpes  in  874 — immunity  in  866 — insuf&a- 
tion  877— interstitial  873,  878— lobular 
874— mode  of  death  in  3— pleura  in  873 — 
senile  878— splenization  868— stages  of 
process  867-873— white  184,  911. 

Pneumonoconiosis  906. 

Pneumonomycosis  218. 

Pneumothorax  (TrveSfxa,  air,  dihpa^,  the 
chest)  919 — in  phthisis  pulm.  904. 

Poikilocytes  (ttoik/Xos,  various)  463. 

Poisons  11 — corrosive  action  on  stomach 
958. 

Poliomyelitis  (ttoXiAs,  grey,  jxveKbs,  mar- 
row) 708 — anterior  acuta  719 — anterior 
chronica  722 — anterior  subacuta  721. 

Polydactylism  42. 

Polymorphonuclear  leucocytes  124,  131. 

Polypus  (7roXi57roi;s,  the  sea-jjolyi^us), 
mucous  136,  287— intestine  988,  1006— 
larynx  830— middle  ear  1260— nares  817 
— naso-pharyngeal  661 — stomach  970 — 
uterus  1156. 

Popliteal  artery — and  calcareous  infiltra- 
tion of  middle  coat  5.58 — frequency  of 
aneurysm  563. 

Porencephalus  (rropos,  a  passage)  738. 

Portal  vein,  obstruction  of  90 — in  cirrhosis 
1030— thrombosis  of  1017. 

Post-mortem  coagula  80. 

Post-nasal  adenoid  growths  817. 

Pott's  disease  of  spine  656. 

Potter's  phthisis  910. 

Precipitins  151. 

Predisposition  8. 

Pregnancy,  Bright's  disease  and  1085 — ex- 
tra-uterine 1152 — local  atrophy  of  skin 
(white  lines)  in  1208 — transplantation  of 
tubal  269— tubal  1152. 

Presbyopia  (wp^a-pvs,  an  old  man)  1254. 

Primary  adhesion  in  wounds  267. 

Proctitis  (TpojKrds,  the  anus)  990. 

Proglottides  of  tape-worms  422. 

Progressive  muscular  atrophy  722 — muscles 
in  722 — spinal  cord  in  722. 

Prolapse,  anus  986 — intestine  986— uterus 
1141— vagina  1142. 

Prosopo-thoracopagus  (irpdawirov,  the  face) 
twins  37. 

Prostate  1201  —  adenoma  1201  —  cancer 
1201  —  concretions  1202  —  hypertrophy 
1201 — myoma  of  301 — tuberculosis  of 
1201— varix  of  586. 

Protective  mechanism  of  organism  6,  8. 

Protozoa  (parasitic)  410 — in  cancers  349. 

Prurigo  1215. 

Psammoma  311,  344 — of  brain  774 — of 

dura  mater  802. 
Pseudarthrosis  (xj/evS-fis,  false,  dpOpcv,  a 

joint)  644. 
Pseudo-bulbar  paralysis  725. 
Pseudo-hermaphroditism  (i/'cuStJs,  false, 

'BpfMTjs,  Mercury,  ' K<t>po5iT7i,  Venus)  1135 

—female  1136— male  1135. 
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Pseudo-hypertrophic  paralysis  726. 
I'seudo-hypertrophy  260. 
Pseudo-leuksemia  220. 
Pseudo-melanosis  395. 
Psoas  abscess  651. 

Psoriasis  (^cipa  the  scab)  1214-syphilitic 
iz^o — tongue  9.32. 

Psorospermia  411. 

Psorospermosis  411. 

Ptomaines  (TTTw/xa,  a  corp.se)  2^3 

Puerperal  fever  1151. 

Pulex  irritans  449. 

Pulex  penetrans  (sand-flea)  449. 

Pulmonary  artery,  aneurysms  of  in 
phthisis  902— congenital  stenosis  of  476 
479— embolism  of  8-59. 

Pulmonary  apoplexy  861. 

Pulse-rate  in  fever  252. 

Purpura  (skin)  1207. 

Purulent  infiltration  ]  27,  1.54. 

Pus  126 — secondarv  changes  in  127 

Pustule  1212— malignant  169,  171,  1224. 

^y^mia  ('^'^o".  pus,  alfia,  blood)  144,  155, 
580— andpurulentmyocarditis509— from 
septic  phlebitis  580— in  osteomyelitis  631 
—micro-organisms  of  126— pulmonary 
lesions  in  877. 

Pysemic  arthritis  673. 

Pyelitis  (TTiyeXos,  a  basin)  1101— calculous 

1101— suppurative  1101. 
Pyelonephritis  (irveXos,  a  basin,  ve<pp6s, 

the  kidney)  1102— healing  of  1103. 
Pygopagus,  twins  38. 

Pylorus,  atresia,  congenital  953— cancer 
in  region  of  966— hypertrophy  954— 
obstruction  of  954,  957,  961— stenosis, 
congenital  953. 

Pyocyanin  161. 

Pyogenic  membrane  127,  154. 

Pyogenic  microbes  157,  126. 

Pyometra  1147. 

Pyonephrosis  (ttijop,  pus,  "((pods,  the  kid- 
ney) 1103. 

Pyo-pneuraothorax  {ttuov,  pus,  -rrvevfia, 
air,  6ihpa^,  the  chest)  920. 

Pyosalpinx  [irvov,  pus,  aaXiriy^,  a  trumpet, 
a  tube)  1149.  ^ 

Pyrexia  (:r0/3,  fire,  see  also  Fever)  243  - 
causation  and  forms  of  247 — from  con- 
tamination of  blood  248- -from  lesions  of 
central  nervous  system  247— relation  of 
to  dyspnoea  812— theories  of  250. 

Q 

"Quarter-evil,"  bacillus  of  173. 
Quinsy  (Fr.  esquinancie,  from  KwayKt), 
dog-quinsy)  942. 


K 

Rachitic  rosary  623. 

Rachitis   (paX's.   the    spine)    617.  (See 

Rickets. ) 
Rainey's  corpuscles  413. 
Ranula  936 — pancreatica  1050. 
Rauschbrand,  bacillus  of  173. 


Ray  fungus  215. 


Raynaud's  disease  73,  692,  1206 
Receptors  150. 
Rectocele  1142. 

Red  corpuscles,  diapedesis  of  122— in  ner 
nicious  anaamia  462— nucleated  463- 
number  in  unit-volume  of  blood  4.55 

Reduplication  of  parts  42. 

Regeneration,  of  blood  263— of  blood- 
vessels 265-of  cartilage  265-of  connec- 
tive tissue  265-of  epithelial  structures 
iT^'~°l  S^^^'^  epithelium  264-of  lens 
2b5-of  muscle  266— of  nerve  fibres  266 
—of  tissue  262. 

Relapsing  fever,  spirillum  of  174 

Relaxed  throat  941. 

Renal  phthisis  1112. 

Renal  veins,  thrombosis  of  1077. 

Repair  of  injuries  266. 

Reproduction  of  lost  parts  263. 

Resolution  of  inflammation  138. 

Respiration,  physiology  of  808. 

Retention  cysts  322— mammary  1191. 

Retma,  affections  of  1254— detachment  of 
12o4— glioma  of  311,  125.5— inflamma- 
tion of  1253. 

Retinal  artery,  embolism  of  1253. 

I^etmi^t^s,^  albuminuric  1253— pigmentary 

Rhabdomyoma  O/SSoj,  a  stripe,  tiOj, 
a  muscle)  299.  i  .    f~  ' 

Rhachischisis  47,  51,  788. 

Rheumatic  arthritis  {pevfia,  a  rheum, 
dpdpov,  a  joint),  acute  674— chronic 
674. 

Rheumatic  fever  166— diplococcus  of  166 
—pyogenic  microbes  in  166— sites  of 
lesions  in  166. 

Rhinitis  {pis,  the  nose),  acute  814. 

Rhinoliths  [pis,  the  nose,  Udos,  a  stone) 
818. 

Rhinoscleroma  817,  829. 

Ribbert's  theory  of  tumour-formation  273. 

Ribs,  cervical  43— lumbar  43— supernu- 
merary 616— in  rickets  622. 

Rickets,  causation  617— deformities  of 
bones  in  621— foetal  626— lesions  in 
618— ossification  in  618 — recovery  in 
625— scurvy  626. 

Rigor  of  fever  73— of  septic  infection  156. 

Ringworm  1243. 

Rodent  ulcer  3-59,  1241. 

Roseola  1213— syphilitic  1225. 

Round-celled  sarcoma  335. 

Round  worms  436. 

Rubella  164. 

Rupia  1226. 

"Rupture"  977— bile  ducts  1046— bladder 
1122  —  oesophagus  947  —  spleen  604— 
stomach  960. 


Sacral  teratoma,  congenital  39. 
Sacro-iliao  articulation,  synostosis  of  616. 
"  Sago  "  spleen  605. 

Salpingitis  (crdXTriyf,  a  tube)  1149 — tuber- 
cular 1154. 
Sai'oina  (sarcMia,  a  bundle)  ventriouli  970. 
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Sarcoma  (<r(ip^,  flesh)- 331  —  alveolar  333, 
343— blood- vessels  of  333— calcification  in 
334— cysts  in  334— definition  of  331 — 
intra-cvstic  growth  in  334— lympho-sar- 
coma  220, 337—  melanoid  341— metastasis 
of  333— mode  of  growth  333— myeloid 
(giant-ceUed)  340— ossification  in  334— 
osteoid  343— pigmentation  of  333— pig- 
mented 341— plexiform  333,  343— retro- 
peritoneal 1058  —  round-celled  335  — 
situations  of  333— spindle-celled  337— 
structure  of  332— transformations  of  334 
—ulceration  of  334— varieties  of  334. 
(For  Sarcoma  of  various  organs,  see 
under  respective  headings.) 

Sarcoptes  hominis  447,  1244. 

Scabies  1243. 

Scaphocephalus  {<TKd(pos,  the  hull  of  a  ship) 
616. 

Scarlatina  anginosa  164. 

Scarlatinal  nephritis  164,  1088. 

Scarlet  fever  163 — local  lesions  in  163— 

skin  in  164 — streptococcus  pyogenes  in 

164. 

Schisto-prosopus  53. 

Scirrhus  (u/cipptis,  hard)  364 — mamma  1188, 

1190— stomach  968. 
Sclerema  ((tk\t]p6s,  hard)  neonatorum  1233. 
Scleroderma  {itk\t]p6s,  hard,   Sipfia.,  the 

skin)  1233. 

Sclerosis  (crK\r]p6s,  hard)  139— of  cord  701 — 
amyotrophic  lateral  717,  724— ascending 
(of  cord)  705 — descending  (of  cord)  702 — 
disseminated  758— effects  of  704 — insular 
758— of  posterior  columns  712 — postero- 
lateral 717 — primary  lateral  717— spon- 
taneous lateral  717. 

Sclerostoma  armatum  seu  equinum  444. 

Sclerotic,  affections  of  1248. 

Soolex  (tr/ccoXr/f,  a  worm)  (tape-worms)  422. 

Scoliosis  {ffKiliXr]^,  a  worm)  657. 

Scrofula  {scrofa,  a  sow)  196,  594. 

Scrofuloderma  1227. 

Scrotum,  cancer  of  1200 — elephantiasis 
affecting  211,  446 — lymph-scrotum  102, 
1201. 

Scurvy,  condition  of  mouth  in  931. 

Scurvy  rickets  626. 

Seaman's  skin  1241. 

Secretion,  heat-production  in  244. 

Semi-circular  canals,  affections  of  1263. 

Semi-lunar  valves,  malformations  of  481 

— cuspid  form  of  482. 
Senile  atrophy  382— gangrene  371. 
Sensation,  mechanism  of  686. 
Septic  infection  153. 

Septicremia  (atjirTiKbs,  putrid,  alfxa,  blood) 
144,  156. 

Septum  auriculorum,  defects  of  478. 
Septum  ventriculorum,  defects  of  477. 
Sequestrum  (bone)  636,  649. 
Serum-diagnosis  146. 
Sex,  in  causation  of  disease  25. 
Side-chain  theory,  Ehrlich's  149. 
Sigmoid  flexure,  twisting  of  983. 
Silver  salts  causing  pigmentation  396. 
Siren-malformation  58— causation  of  46. 


Skin,  angioma  of  1236  —  angioneuroses 
1206— atrophy  1208— burns  of  1219  — 
cancers  of  1241— diseases  1204— enchon- 
droma  of  1240— eruptions,  inflammatory 
1211— excoriations  of  1221— fibromas  of 
1240— general  oedema  of  1207— gumma 
of  1226— haemorrhages  in  1207— hyper- 
semia  of  1206— hypertrophies  of  1234  — 
infection  of,  by  cadaveric  poisons  1222 — 
infective  inflammations  1221— inflamma- 
tions of  1211 — inflammations,  phlegmon- 
ous 1223 — inflammations,  symptomatic 
1217 — inflammatory  eruptions  1211 — in 
fever  249— in  leukaemia  472— in  measles 
164 — in  myxoedema  233— in  scarlatina 

164—  in  small-pox  1217— in  typhus  fever 

165—  lipoma  of  1240 — myoma  of  302, 
1240 — myxoma  of  1240— necrosis  1210 — 
osteoma  1240 — parasitic  diseases  1242 — 
pigmentation  of  1209— sarcoma  1241— 
scalds  of  1219 — septic  inflammations  1221 
— structure,  normal  of  1204— syphilitic 
lesions  of  1224 — temperature,  low,  effect 
of  1221— transplantation  of  270— trophic 
lesions  of,  in  locomotor  ataxia  715 — tro- 
phoneuroses of  1230 — tuberculosis  of 
1226- tumours  of  1234— ulcers  1210— 
wounds  of  1221. 

Skin-grafting  270. 

Skull,  healed  fracture  of  561 — malforma- 
tions of  616 — in  rickets  623. 
Sleeping  sickness  21. 
Sloughing  370,  375. 

SmaU-pox  162 — infective  agent  of  162 — 
condition  of  mouth  in  930 — negroes  and 
21 — parasitic  protozoa  in  162 — skin  affec- 
tion in  1217 — spleen  in  600. 

Softening  of  brain  743. 

"  Soldiers'  spots  "  in  pericarditis  530. 

Sordes  929. 

Spansemia  (o'lrdi'ios,  scarce,  aljua,  blood) 
459. 

Spasm  of  arteries  73 — of  glottis  819. 

Spastic  paralysis  of  Erb  717. 

Spermatic  cord  1202 — tuberculosis  of  1203 

— varicocele  of  1202. 
Spermatocele  1198. 

Sphacelus  (o-^d/ceXos,  gangrene)  370,  375. 

Spina  bifida  51,  788 — occvilta  790 — open  51 
—origin  of  790— with  tumour  51,  788. 

Spinal  canal,  defects  in  44,  47,  see  also 
Spina  bifida. 

Spinal  cord  684, 696— compression  (chronic) 
of  709— cylindroma  of  728— cysts  of  728, 
785— degeneration  (after  amputations) 
707— degeneration  (ascending)  of  705 — 
degeneration  (descending)  702— degene- 
ration (grey)  701— degenerations  (secon- 
dary) 700— glioma  of  727 — inflammations 
of  707 — membranes  of  780 — myxoma  of 
728  —  parasites  in  728  —  post-mortera 
changes  in  699— sarcoma  of  728— sclerosis 
of  701— softening  of  708— structure  of 
696— syphilis  of  728— tuberculosis  of  728 
— tumours  of  727. 

Spinal  curvatures  654— angular  656 — an- 
terior (lordosis)  657 — antero-posterior 
656  —  forms  of  655  —  lateral  (scoliosis) 
657 — posterior  (kyphosis)  657. 
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Spinal  paralysis,  acute  atrophic  719.  (See 

Infantile  paralysis.) 
Spindle-celled  sarcoma  337— characters  of 
„  775— situations  of  338. 

fcspmllum  Obermeieri  174. 

Spirillum  of  relapsing  fever  174. 

Spiroptera  sanguinolenta  447. 

^^inn"'  1°^'"'^''  (secondary)  in  609  — cysts 
•  amyloid  607— echinococous 

m  609— fibrous  induration  of  601— gum- 
mata  in  609— hyperemia  (active)  of  599 
— hypersemia  (passive)  of  602— hyijer- 
trophyof  601— in  Hodgkin's  disease  220, 
609— in  leukcemia  471,  604— in  malaria 
^ni~nL' "".^"-P"^  600-in  typhoid  fever 
bUO,  ■  999— m  ulcerative  endocarditis  601 
—infarction,  embolic,  of  602— lardaceous 
607— malformations  of  599— malpositions 
of  599— mobility,  excessive,  of  599— 
parasites  609— rupture  of  604— "sago" 
605— structure  and  formation  of  597— 
supernumerary  599— tuberculosis  of  607 
—tumours  of  607,  609— waxy  605. 

Splenic  anaemia  465. 

Splenic  fever  169,  1224.    (See  Anthrax.) 

Splenic  tumour,  acute  599— chronic  601 

Spleniculi  599. 

Spondylitis  deformans  672. 

Spondylolisthesis  {acftovdvXos,  a  vertebra) 
660. 

Sporozoa  411. 

Sputum,  black  909— coctum  834— in  acute 
bronchitis  833  — in  chronic  bronchitis 
835 — in  phthisis  pulmonalis  898— putrid 
882.  ^ 

Sputum-septicfemia  866. 

Squamse  (scales  of  skin)  1212. 

Staphylococcus  (aTaejixjXri,  a  bunch  of 
grapes)  153 — found  in  chorea  747 — in 
diphtheria  820— pyogenes  albus  159— 
pyogenes  aureus  158. 

Staphyloma  of  cornea  1248. 

Stasis  [UT-qixL,  I  stand)  in  inflammation 
115. 

"Stay  "-liver  1014. 

Stenosis,  aorta,  congenital  479 — -aortic 
orifice  536 — bronchi  836 — larynx  825 — 
mitral  533— oesophagus  946— pulmonary 
artery,  congenital  476,  479— pylorus, 
congenital  953. 

Stercoraceous  vomiting  (stercus,  excre- 
ment) 1010. 

Sternopagus  twins  36. 

Stomach,  action  of  irritants  on  958  — 
adenoma  (malignant)  of  968 — cancer  of 
965 — cancer,  colloid  970 — cancer,  exten- 
sion of  967 — cancer,  medullary  968— 
cancer,  scirrhous  968 — cancer,  secondary 
970 — catarrh,  acute  956— catarrh,  chronic 
956— contractions  of  953— cylinder-celled 
epithelioma  of  968 — cysts  970 — decom- 
position of  contents  950 — digestion  of 
(post-mortem)  952— dilatation  of  954 — 
diverticulum  of  955 — fibroma  970 — for- 
eign bodies  in  971 — hajmorrhage  959,  963 
— hsemorrhiigic  erosions  in  963 — hyper- 
semia (passive)  of  962 — hypertrophy  of 
954 — hypertrophy  of  muscular  coat  in 
cancer  966  —  inflammations  of   955  — 


lipoma  970-malformation8  (congenital) 

of  lo2  0?n  """k  F°^l^'  in  970-myoma 
S^;7  q/:i  °f  pylorus  954, 

Qfln  P^'^"'*'"'  °^  970 -perforation 
or  9bU— post-mortem  changes  in  9.52— 
rupture  of  960-rupture  (post-mortem) 
of  952-sarcina3  m  971— syphilis  of  964- 
tuberculosis  of  963— tumours  of  965— 
ulcer,  cancerous  966— ulcer,  perforating 

stomatitis  (o-ri/ta,  the  mouth)  929— folli- 
cular 929— aphthous  (&<pda,  an  eruption) 
929- gangrenous  931. 

Stone-mason's  lung  910. 

Streptobacillus  (soft  chancre)  1224. 

Streptococcus  (cTpewrbi,  a  chain)  erysipela- 
tis  167. 

Streptococcus  pyogenes  159— in  diphtheria 
820— in  scarlatina  164. 

Streptothrix  madurse  219. 

Stricture  of  urethra  1132. 

Strobilus  ((rrp6/3t\os,  a  fii--cone)  (tape- 
worms) 422. 

Strongylosis  443. 

Strongylus  duodenalis  442— gigas  443  

longevaginatus,  in  lung  915. 
Struma  196,  922  — pituitaria  806. 
Subarachnoid  space  780. 
Subdural  abscess  756— space  780. 
Subglottic  inflammation  825. 
Sudamina  123,  1212. 
Suffocation  812. 
Sugillation  97. 

Supernumerary  arms  41— fingers  616— legs 
39— mammae  43— ribs  616— spleen  523— 
toes  616— vertebrae  616. 

Suppuration  126,  140— and  septic  infection 
154 — micro-organisms  of  126. 

Suprarenal  bodies  925— accessory  925— 
cancer,  primary  926— ganglionic  neur- 
oma 926 — sarcoma  926— and  Addison's 
disease  241,  925— extract  of  241— rests 
1117— tumours  of  925. 

Susceptibility  8  —  constitutional  22  — ex- 
ternal circumstances  affecting  13 — in- 
heritance of  20— to  infection  145— of 
organs  to  disease  22 — racial  21. 

Sycosis  1217. 

Sympathetic  nerve  in  neck,  injury  or  dis- 
ease of  67. 
Symelia  58. 

Sympus  58— apus  60 — dipus  60 — monopus 
60. 

Synapsis  [criv,  with,  Utttu],  I  clasp)  683. 

Syncephalus  twins  37. 

Synostosis,  and  microcephalus  616,  738 — 
of  joints  672 — and  skull  malformations 
616 — sacro-iliac  articulation  616. 

Syphilides  1225. 

Syphilis  177 — amyloid  disease  in  182 — and 
locomotor  ataxia  712— bacillus  of  177 
congenital  183— hereditary  183 — incuba- 
tion periods  in  178 — pigmentation  in 
1231 — primary  lesion  of  177^ — secondary 
lesions  of  178,  1225 — tertiary  lesions  of 
180 — trophoneuroses  of  skin  in  1231. 
(For  Syphilis  in  various  organs,  see  under 
respective  headings. ) 

Syringocele  47,  52. 
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Syringomyelia  ((rOpiy^,  tube,  /iueXis,  mar- 
row) 785,  787. 
Syringomyelocele  789,  790. 

T 

Tabes  doraalis  {tabeo,  I  waste)  712. 

Tienia  (tcenia,  a  ribbon)  cosnurus  436— 
cucumerina  435  —  echmococcus  4,i0  — 
flavopunota  435— Madagascanenais  435 
— marginata  436— mediocanellata,  pris- 
matic malformation  of  429— mediocanel- 
lata vel  saginata  428— nana  435— serialia 
436— aerrata  436— solium  423. 

Tail  43. 

Talipes  (talus,  the  ankle)  668— forms  of 
668. 

Tape-worms  422. 

Tattooing  591.  ,  . 

Teeth,  affections  of  937— canes  938— m- 
flammatioD  of  939— in  hereditary  syphilis 
939— structure  937— tumours  940. 

Temperature,  ante-mortem  rise  of  246— 
in  inflammation  116 — normal  243 — post- 
mortem riae  of  246— reduction  of,  by 
exposure  246— regulation  of  245. 

Teratology  (repas,  a  monster)  30. 

Teratoma  326 — congenital  sacral  39,  327 — 
of  head  and  neck  327— of  internal  organs 
329— of  ovary  1171— of  testicle  1196. 

Testicle,  cancer  1196— cystic  tumours  1195 
— dermoid  cysts  1196 — enchondromall95 
— hernia  1193, 1195 — imperfect  descent  of 
1191 — inflammation  of  1193 — malforma- 
tions 1191— sarcomas  1196 — syphilis  1194 
tuberculosis  of  1194 — tumours  1195. 

Tetanus  (rerai/os,  tension)  763 — bacillus  of 
763— immunity  to  764— toxin  764. 

Texas  fever,  hrematozoa  in  417 — urine  in 
417. 

Thoracic  duct,  obstruction  of  101,  588 — 
tuberculosis  of  588. 

Thoracopagus  37 — parasitic  37. 

Thorax,  defective  closure  of  53. 

Thread-worm  441. 

Throat  diseases  of  941. 

Thrombi  (6p6jxPos,  a  clot),  forma  of  78 — 
growth  of  80 — in  aneurysms  564 — in 
heart  485 — marasmic  79 — marasmic,  in 
superior  longitudinal  sinus  747 — organiz- 
ation of  83 — red  76 — secondary  changes 
in  82 — varieties  of  78 — white  77. 

Thrombo-phlebitia  83,  155,  756. 

Thrombosis  75 — arteries  of  brain  742 — 
causation  of  78 — cerebral  sinuses  and 
veins  79,  747— hepatic  artery  1018— 
phenomena  of  76— portal  vein  1017— renal 
veins  1077— results  of  85— septic,  of 
cerebral  sinuses  747 — uterine  veins  79, 
1143— veins  579. 

Thrush  929. 

Thymus  gland  924— Hodgkin's  disease  925 
—hypertrophy  925— inflammations  925 
— leukaemia  925— syphilis  925— tuber- 
culosis 925— tumours  925. 

Thyroid  gland,  and  cretinism  23.5— and 
myxcedema  233,  234— cancer  923— colloid 
degeneration  in  404— inflammation  of 
921— in  exophthalmic  goitre  236— rela- 


tion of  pituitary  body  to  806— sarcoma 
923— syphilis  in  922— tuberculosis  of  921 
— tumours  of  923. 

Tinea  favosa  1242. 

Tinea  marginata  1243. 

Tinea  sycosis  1243. 

Tinea  tonaurans  1243. 

Toea,  defecta  of  61— hypertrophy  of  34 
—supernumerary  19,  626— webbing  of  19. 

Tongue,  actinomycosis  of  217— amyloid 
degeneration  928  — atrophy  of  928  — 
"black  "  935— cysts  (ranula)  936— furred 
929— hemiatrophy  928— inflammation  of 
932— lymphangioma  935— tuberculosis 
of  934. 

Tonicity  of  arteries  65. 

Tonsillitis,  acute  942 — chronic  943. 

Tonsils,  hypertrophy  of  943. 

Tophi  (gouty)  1257. 

Toxic  diseases  144. 

Toxins  11,  143,  147— general  effects  of, 
in  body  143— in  producing  necrosis  370 
—of  various  diseases,  see  under  respec- 
tive headings. 

Toxophorous  groups  150. 

Trachea,  acute  catarrh  823— chronic  catarrh 
824— malformations  818  —  tuberculosis 
826— tumours  829. 

Trachoma  1246. 

Transfusion  of  blood  456. 

Transplantation  269— of  bone  270— of  skin 
270 — spontaneous  269. 

Transposition,  great  vessels  480 — liver  1014 
— viscera  61. 

Trematoda  (rpr}fiaTih5r)s,  perforated)  418. 

Tricephalus  42. 

Trichina  spiralis  437 — life  cycle  of  437. 
Trichinosis  437 — symptoms  of  438. 
Trichocephalus  dispar  441. 
Trichophyton  tonsurans  1243. 
Tricuspid  valve,  insufficiency  of  536. 
Triple  monsters  42. 

Trophic  lesions  in  locomotor  ataxia  715. 
Tropho-neuroses  691 — skin  1230. 
Tropical  abscess  (liver)  1026. 
Tubal  pregnancy  1152 — transplantation  of 
269. 

Tube  casts  (in  nephritis)  1086,  1092,  1094. 

Tubercle,  bacillus  of  157 — calcareous  infil- 
tration of  195 — caseation  of  194 — crude 
or  yellow  195,  883 — cutaneous  1212— 
fibrous  transformation  of  195 — large- 
celled  193 — miliary  192 — origin  of  con- 
situents  of  193 — small-celled  or  lymphoid 
194— softening  of  195. 

Tubercle  (elevation  of  skin)  1212. 

Tubercles,  mucous  314,  1225. 

Tubercula  dolorosa  302. 

Tuberculin,  Koch's  189. 

Tuberculosis  186 — acute  general  or  miliary 
200— bacillus  of  186,  187— bovine  202— 
calcareous  infiltration,  following  casea- 
tion in  195 — caseation  in  194 — cavity- 
formation  and  ulceration  in  195 — con- 
tagiousness of  190 — "chronic  general" 

198 —  effects  of  local  199 — emaciation  in 

199 —  extension  by  lymphatics  in  198 — ex- 
ten  sion  of  local  197 — fever  in  199 — general 
199— healing  of,  in  bone  651— healing  of, 
in  lung  899— in  animals  202— infective 
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natiire  of  189-,nheritance  of  22,  191- 
local  196-modes  of  infection  in  196 
—secondary  lesions  198,  595.  (For  Tuber- 

Tubo-ovarian  cyst  1173. 
Tumor  albus  679. 

Tumours  271-age  as  an  etiological  factor 
^75--atypical  331— causation  of  15  272 
and  274   ^^2- chronic  inflammation: 

tme  977"  p^f'?''^*'?'^  .f'^'l  nomencla- 
tuie  J77— Cohnheim's  theory  of  272— 
congenital  cystic  310-cysts  in  325-de- 
finition  of  271-erectile  307-generaliza- 
tion  of  275-glandular  318-^owth  and 
extension  of  275-heterologous  272- 
-histioid  280 -homologous  272- in- 
rective  176— inheritance  and  273— irrita- 
tions and  274— metastasis  of  92  275— 
occasional  malignancy  of  typicai  275— 
parasitic  microbes  and  causation  274— 
pigmentation  in  396-relation  of  injuries 
^°t'1~?;fa'tipntosurrounding  structures 
270— Kibbert's  theory  of  273— secondary 
changes  in  277— structure  of  271— trans- 
plantation  of  270— typical  275,  280. 

lunica  vaginalis,  free  bodies  in  1199— 
hajmatocele  1197— hydrocele  of  1197— 
tuberculosis  1199— tumours  1199. 

Tiirck,  columns  of,  in  spinal  cord  698. 

Twins  18,  36— homogeneous  18,  36. 

Tylosis  linguae  932. 

Tympanic  membrane,  inflammations  of 
12o7— perforations  of  1258, 1259— rupture 
of  1258. 

Typhlitis  989. 

Typhoid  fever  995— bacillus  of  995— intes- 
tine in  996— spleen  in  600,  999. 

Typhus  fever  165— blood  in  165— skin  in 
165. 

"Typhus  of  the  Limbs"  631. 


U 


Ulcer,  atheromatous  550  —  cancerous 
(stomach)  966— catarrhal  (intestine)  987 
—corneal  1248— cutaneous  1210— duo- 
denal 1220— follicular  (intestine)  988— 
foot  (perforating)  1211— gummatous  1226 
—infective  1210— resophagus  (perforat- 
ing) 947— rodent  359,  1241-stomach 
(perforating)  958— tubercular  (intestine) 
1001.  ' 

Ulceration  140,  379— in  tuberculosis  195— 
of  gummata  181. 

Ulcerative  endocarditis  520 — micrococci  in 
520. 

Ulcerative  inflammation  140 
Ulcus  molle  1223. 
Umbilical  cord,  hernia  of  55. 
Umbilical  fistula  974. 

Umbilication  in  secondary  cancerous  tum- 
ours 355. 

Undefended  space  (pars  membranacea)  475. 
Union,  immediate,  in  vrounds  267— by  first 
intention  268— by  second  intention  269. 
Urachus,  cyst  of  56— persistence  of  56, 1122. 
Uraemia  224,  1068,  1123. 
Uratsemia  225. 


''ot'inwLT''"""'^^'^^^^^ 
Ureters,  in  tuberculosis  of  kidney  1113— 
malformations  of  1075-obstruction  of 

Urethra,  cancer  1133-caruncula3 1133  -in- 
flammations  of  1132-injuries  of  1132— 
obstruction  of  1079 -stricture  of  1132— 
tuberculosis  1133— tumours  1133 

Uric  acid,  relation  to  gout  225 

Urinary  bladder  1122.  (Sec  under  Bladder  ) 
1010  1122-indican  in 

Urticaria  1206. 

Uterine  veins,  thrombosis  of  1143. 

Uterus,  adenomata  1156— atrophy  of  1146 
—cancers  of  1160— cirrhosis  of  1148— 
descent  of  1141- dilatation  of  1146— 
dup  icity  of  1139-flexions  1142-hiBma- 
tocele  1145— hajmatoma  1146-h£emor- 
rhages  in  and  round  1144-hypertrophy 

Jli^;;"'^'"^?^*'"^"  °*  1147 -inversion 
ot  1142— malformations  of  1139— mucous 
polypi  of  1156— myoma  of  301,  1156— 
obstruction  of  os  uteri  1147-parasites  of 
llbd— prolapse  of  1141— sarcoma  of  1163 
—thrombosis  of  veins  of  1143— tuber- 
culosis of  1155— unicornis  1138— ver- 
sions 1143. 


^1219  ™«iunity  146— skin  lesion 

"Vaccine  bodies"  163. 

Vaccines,  146-in  anthrax  172— in  cholera 

Vagina,  cancer  of  1138,  1160— cysts  of  1138 
— deciduoma  malignum  1138— duplicitv 
of  1139— fibroma  113S— inflammations  of 
1138— malformations  of  1138— myoma  of 
1138— obstruction  of  1146— prolapse  of 
1142— sarcoma  of  1138,  1163— syphilis 
of  1153— tuberculosis  of  1138,  1155— 
varix  of  veins  in  586. 

Valves,  aneurysm  of  515— malformations 
of  cardiac  481. 

Valvular  disease  of  heart  532. 

Valvular  incompetence  in  varix  .582. 

Varicella  163. 

Varicocele  585,  1202. 

Varicose  aneurysm  578— ulceration  582. 

Varicose  nsevi  308. 

Varicose  ulcer  1210. 

"Variola-bodies"  163. 

Varix  581— aneurysmal  578 — changes  in 
veins  affected  581— chronic  inflammation 
in  582 — ulceration  in  582. 

Varix  arterialis  573. 

Vaso-niotor  influence  in  liyperajmia  67,  68. 

Veins,  incompetence  of  valves  in  varix  582 
—inflammation  of  579 — leprosy  in  586 — 
myomata  of  5S6— pavementing  of  114— 
rupture  of  varicose  584 — syphilis  in  586 
thrombosis  of  579— tuberculosis  of  586. 

Vein-stones  83,  582. 

Venous  embolism  86. 

Venous  hypercemia  69. 

Venous  nasvi  308. 
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Ventricle,  heart  in  hypertrophy  of  left  506 
— heart  in  hypertrophy  of  right  505 — 
hypertrophy  of  left,  Bright's  disease  1096 
— hypertrophy  of  right,  in  mitral  disease 
533 — defect  in  septum  of  477 — partial 
dropsy  of  cerebral  785. 

Vermiform  appendix,  cyst  of  1006 — inflam- 
mations of  989. 

Verruca  dura  1235. 

Verruca  mollis  1235. 

Verruca  necrogenica  1223. 

Versions  of  uterus  1143. 

Vertebrae,  deformities  of,  in  rickets  623 — 
in  osteomalacia  628  —supernumerary  616 
— tuberculosis  of  648. 

Vertebral  column,  normal  curvatures  of 
654. 

Vesical  plexus,  varix  of  586. 
Vesicle  (skin)  1212. 

Vesiculfe  seminales  1202 — concretions  in 
1203— tuberculosis  1203. 

Vessels,  defective  development  of,  in  chlo- 
rosis 463— effects  of  atheroma  on  553— 
malformations  of  475— transposition  of 
480. 

Vibices  97. 

Vicarious  menstruation  96. 

Vis  medicatrix  natura;  26. 

Viscera,  transposition  of  61. 

Vital  resistance,  external  forces  and  6,  7. 

Volvulus,  intestine  983. 

Vomiting  951— stercoraceous  1010. 

Vulva,  cancer  of  1138— elephantoid  hyper- 
trophy 1137— hyperjemia,  passive  1137 
—hyperplasia  1137— inflammations  of 
1137— kraurosis  vulvee  1137— leucoma 
1137— noma  1137— syphilis  1137,  1153— 
tuberculosis  1137. 


W 

"W'aUerian  degeneration  689. 


Wart  314 — common  or  hard  1235 — congeni- 
tal 314— pathological  1223,  1227— soft 
1235. 

Waxy  degeneration  {see  Amyloid  degenera- 
tion) 397-of  muscle  377. 
Webbing  of  fingers  and  toes  19. 
Wheal  (skin)  1212. 
White  infarction  90. 
"White  spots  "  in  pericarditis  530. 
White  thrombus  512. 

Whooping  cough  165 — broncho-pneumonia 
in  165. 

Wirsung's  duct  1050 — concretions  in  1050 
obstruction  and  dilatation  10.50. 

"  Wool-sorter's  "  disease  (see  Anthrax)  169, 
171. 

Wounds,  healing  of  130,  138,  267— immedi- 
ate union  in  267— primary  adhesion  of 
267 — septic  infection  of  1221. 


X 

Xanthelasma    {^afOds,    yellow,  ^Xacr/ta, 

a  plate)  1240. 
Xanthoma  (^av66s,  yellow)  1240. 
Xeroderma  (fi7/)6s,  dry,  S^pfxa,  the  skin) 

1234. 

Xeroderma  pigmentosum  22,  1240. 
Xiphopagus  tvrins  36. 

Y 

Yaws  1228. 

Yellow  fever  21,  165— blood  in  165— racial 

peculiarities  towards  21. 
Yellow  tubercle  19.5,  883. 

Z 

Zona,  1231. 

Zona  ophthalmioa  1248. 
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